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QUALITATIVE AND QUANTITATIVE FACTORS AFFECTING
PROTEIN AND LYSINE CONTENT OF WHEAT GRAIN
Kenneth P. Vogel, Ph.D.

University of Nebraska, 1974

Adviser: Dr. V., A. Johnson

Analysis of the 12,000 common wheats of the USDA World Wheat
Collection indicated significant differences among wheats for grain
protean and lysine content (Vogel, Johnson, and Mattern, Nebr. Res.

Bull, 285. 1973).

Six hundred wheats were selected from the World Wheat Collection
which represented the range of protein and lysine that existed therein
to test the validity of the World Collection results and to develop
solection critcria for protein and lysine, These wheats were grown
at Yuma, Arizona in 1972 and 1973,

Only 10% of the total variation within a nursery could be attribu-
ted Lo yicld, test weight, and 1000-kernel weight. Most of the variation
for pcrcent protein was due to genetic differences among the wheats
tested. ..acats with the highest mean protein percentages were five
percentage poants higher in protein than the low protein wheats.

Lysine (% of sample) was positively correlated to percent protein
but lysinc (% of protein) was negatively correlated to pe;cent protein,
The corrclation between lysine (% of sample) and lysine (% of protein)
was not significant. In order to make valid lysine comparisons among
wheats differang in protein content, lysine values were adjusted to

nursery mean protein percentages. After adjustment, both lysine values



provide tho same relative measure of the lysine content of wheat.

Test weight had some influence on lysine content because bran pro-
teins are higher in lysine content than endosperm proteins. Yield and
kerncl weaght had no significant effect on lysine content after account-
ing for the effect of protein and test weight, Results indicate that
significant genetic dafforences exist among wheats for lysine that are
independent of percent protein and test weight. Adjusted lysine values
arc uscful as a sclection criterion but unadjusted lysine values are not.

Host societies cat only the ground endosperm or flour of wheat,
Almost all of the geaetic research involving the protein and lysine
content of wacat has been done using whole grain samples., Whole grain
and endosperm protein and lysine percentages were compared to determine
the validity of this practice.

A modified millang procedure was used to separate endosperm and
bran (including the germ) portions of the wheat kernel. The 300 wheats
studied were from the USDA World Wheat Collection and the parents and
progenies of three crosses of high protein and/or high lysine lines.

Grain protein’and endosperm protein percentages are highly corre-
lated. Crain protein content can be used as a selection criterion for
endosperm protein content. The combined effects of percent endosperm
and bran protein and lysine content on grain lysine (% of protein) was
as great as the effect of endosperm lysine (% of protein). Wheats with
high grain 1y§1ne content did not always have high endosperm lysine
content. Significant differences existed among wheats for endosperm
protein and lysine content.,

On the basis of whole kernel analysis, the variety Atlas 66 had



been identified as a high protein line, Nap llal, PI 176217, as a high
protein/hagh lysine line, and CI 13449 as a high lysine line.

The high protein of Nap Hal resides in both endospern and bran.
Atlas 66 shows the high protein effect only in its endosperm. Trans~
gressive segregates with endosperm protein values as high as 23% provide
ovidence that the genes for ondosperm protein of Nap llal are different
from those of Atlas 66. The parents averaged 19% protein.

The high grain lysine content of Nap Hal is due to both the high
lysine content of its endosperm proteins and to the high protein and
lysine content of its bran. The high lysine of CI 13449 is largely due

to the high lysine content of its endosperm proteins.



GENERAL INTRODUCTION

Common wheat, Triticum aestivum L. em. Thell, is the main staple

food for over one billion people and provides almost 30% of the total
focd calories for the people of the world (Reitz, 1967). Wheat ix also
an important source of protein for humans. The total estimated world
wheat production for 1972 was 307.2 million metric tons (Agr. Statistics,
1973). In most production areas of the world the protein content of
wheat ranges from 10-13%, Using the 10% protein value, the total
estimated production of wheat protein for 1972 was 30.72 million metric
tons. Considering that the average person of the world's 3.8 billion
pcople requires a minimum of 70g of protein per day, the current annual
worldwide protein requirement for man is 97 million metric tons (Levin,
1974). Although not all wheat is used for human consumption, wheat still
contributes substantially to the total protein requirements of man even
thougn it is not as high in protein content as meats, fish, and legume
seecds.,

The nutritive value of a food cannot be determined solely by its
protein content because, if calories are deficient, protein will be used
as an energy source. In human nutrition, the quality as well as the
quantity of protein is important. The quality of a protein is dependent
upon its capability to supply amino acids in the same proportion as

required by the body. The quality or biological value of a protein is



limited by the amount of essential amino acid in shortest supply. The
limiting amino acids in wheat grain protein are lysine, tryptophan, and
methionine (Bressani et al. 1960). Isoleucine, valine, and threonine
nay also be in limited supply. Lysine is the most limiting amino acid
in wheat and other cercals.

The lysinc requircments of man vary with body size, sex, and age
(Clark, 1971; Clark et al., 1960; Hegsted, 1973). Adult men require
approximatcly 800mg of lysine per day while adolescent boys require
1600ng lysine per day (Clark, 1970). Lysine supplementation of diets
an which wheat flour protein was the main source of protein, as compared
to unfortified diets, significantly improved weight gain and nitrogen
retention in small children (Graham, 1969; Bressani et al., 1960).
However, cvidence exists that wheat, if eaten alone and in sufficient
quantity to meet calorie requirements, can meet the protein requirements
of adult men (Aykroyd and Doughty, 1970).

Since nutritional discases affect children mora severely than
adults, the lysine requirements of children should be used as the
reference base for determining the lysine inadequacies of wheat protein,
The biological value of whole wheat protein is only 70% that of whole
eggs (Aykroyd and Doughty, 1970). The biological value of white flour
15 50% that of whole eggs. The mean lysine content of wheat protein of
the common wheats in the USDA World Wheat Collection was 3.16% (Vogel,
Johnson and Mattern, 1973). Since the biological value of a protein is
determined by the amino acid in shortest supply, the biological value of
wheat protein indicates that the lysine content of wheat protein should

be a minimun of 4.5%.
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Wheat with 13% protein and 4.5% lysine (% of protein) would pro-
vide 586mg of lysine per 100g whereas wheat of the same protein level
with 3% lysine (% of protein) would provide 390mg of lysine per 100g.
Lysine 1increases of ?his magnitude would greatly improve the nutritive
value of wheat and, by doing so, directly improve the diet and health of
over one billion pcople. Lysine content of wheat can be increased by
either increasing the protein content or the lysine content of protein
or both., Protein and lysine content of diets consisting mainly of wheat
can be improved by the addition of higher quality animal and fish pro-
tein to the dict, addition of synthetic lysine, or by improving the
protein ana lysine content of wheat grain by the genetic mondification
of the wheat plant.

In many of the under-developed nations of the world where wheat is
grown, improving the diet by the addition of animal protein is not possi-
ble because available food supplies are nceded for direct human consump-
tioa. The direct fortification of wheat by lysine is possible (Ferrel,
Shopard, and Guadagnia, 1970) but this requires a technological sophisti-
cation that 1s not available in many of the rural areas of underdeveloped
nations. Another disadvantage of direct fortification is the need for
fortilication of cach wheat crop. Improving the quality of wheat by:
brecding would provide the best solution to the nutritional inadequacy
of wacat. High lysine wheat varieties could be grown and utilized with-
out any alternation in production and traditional processing and usage
practices by people throughout the world. The main cost involved in
producang more nutritious wheat varieties is the cost of the breeding

progran.



Soction 1. Re-evaluation of common wheats from the USDA World Wheat

Collection for Protein and Lysine Content.

INTRODUCTION

The protein and lysaine content of wheat can be altered by breed-
ang only 1f genetic variability exists for these traits. Results of the
protein and lysinc analysis of the common wheats of the USDA World Wheat
Collcction indicated that genetic variability does exist for these
traits (Jogel, Johnson, and Mattern, 1973). The purpose of this study
was to rc-cvaluate sclected lines from the World Wheat Collection to
provide {urthcr verification of genetic variability for protein and
lysine content in cormon wheats ond to identify high protein and high

lysinoe lines that may be of use to wheat breeders.



LITERATURE REVIEW

Breeding for increased protein content of wheat grain was not
practiced on a systematic basis prior to the early 1950's because known
genetic dafferences an protein content of wheat were small in comparison
with environmental cffects (Johnson ot al., 1963). Then Middleton,
gode, and Doyles (1954) reported that the soft red winter variety 'Atlas
66' prolduaced grain significantly higher in protein content than commonly
grown cultivars while maintaining yield at a high level.

The genes controlling the high protein trait of Atlas 66 have
been transferred to winter whecats adapted to the Great Plains of the
U.S. resulting in an improvement in the protean content of the derived
lanes over the parent winter wheat varieties by as much as three per-
centage points of protein (Johnson et al., 1968; Johnson et al., 1969).
Selections from the second breeding cycle of Atlas 66-derived lines of
hard red winter wheats have averaged 20-24% higher in protein than the
main commcrcial varieties an Nebraska (Johnson, Mattern, and Schmidt,
19720, Johnson ct al., 1972¢). Some high protein selections have yielded
as nmuch as 15% more grain than currently grown commercial varieties.
lleratabrlity estimates as high as 0.65 obtained by the regression of
Fz progeny rows on F, plants were reported by Haunold, Johnson, and
Schmidt (1962) for crosses of Atlas 66 with conventional winter wheats,
Stuber, Johnson, and Schmidt (1962) reported heritability estimates
ranging from 0.68 to 0.83 depending on the method of computation for
*he cross 'Atlas 66' x 'Wichita'., This research demonstrates that the

nutritive value of wheat can be significantly improved through breeding.



Identification of additional genetic sources of high protein would allow
breeders to make additional progress in improving the protein content of
wheat,

In addition to improving the protein content, the nutritive value
of wheat could also be improved by increasing the lysine content of wheat
protein. Genetic variability must exist for a trait before this trait
can be altered by breeding. Genes for significantly higher than normal
lysine (% of protcan) wore identified in maize (Mertz, Bates, and Nelson,
1964), sorghum (Singh and Axtell, 1973) and barley (Munch et al., 1970).
Tne comron wheats of the USDA World Wheat Collection were analyzed for
protcin and lysine content to determine the variability that exists for
thesce traits and to identify potential high protein and high lysine lines
(Vogel, et al., 1973).

Protein valucs of the 12,613 wheats of the World Collection ranged
trom 6.9 to 22% with a mean of 13%; lysine (% of sample) ranged from 0.25
to 0.66% with a mean of 0.40%; lysine (% of protein) ranged from 2.25 to
4.26% with a mean of 3,16% (Vogel et al., 1973). Interpretation of the
lysine results was complicated by high positive correlation between
lysine (% of sample) and percent protein and by a negative curvilinear
rclationshap between lysine (% of protein) and percent protein. The
effect of protein on lysine (% of protein) was strongly negative up to
15% protcin but was negligible for wheats with higher protein content.
Lawercenco et al. (1958) and Villegas, McDonald, and Giles (1970) obtained
sumilar relationships between protein and lysine although their results
were based on a much smaller number of wheats. World Wheat Collection

lysine (% of protein) values were adjusted to the mean protein level



using the curvilinear relationship between protein and lysine (% of
protcan) to make valid lysine comparisons among wheats with different
protein contents. Adjusted lysine (% of protein) values ranged from
2.28 to 3.71% with a mean of 3.16%.

Tae high correlation between lysine (% of sample) and percent
protein results from lysine being a constituent of protein; as total
vrotein content increases, lysine (% of sample) content also increases.
Lecause of the high correlation of lysine (% of sample) and percent
protcan Vogel et al. (1973) contended that lysine (% of sample) values
per s¢ were norce a measure of protein content than protein quality,

Tae 1nversc relationship between lysine (% of protein) and percent
protean has 2130 been reported in flour samples of different wheats
(Simronds, 1962, McDermott and Pace, 1960). Glutamic acid exhibits a
reverse tread, 1.e., increasing with increase in protein content.

Protecias of wheat belong to four classes based upon their solu-
bility: albumins, globulins, gliadins, and glutenins (Osborne, 1907).
kWheat gluten consists of the gliadens and glutenins. Albumins and
globulins arc higner in lysine content than the gluten proteins while
the gluten proteins are higher in glutamic acid (Simmonds, 1962; Mattern,
Salen, and Volkmer, 1968). Perce, Weinstem, and Mecham (1964) reported
the albumin and globulin content of the flour of 32 wheats ranged from
13 to 22%. The amount of these proteins increased directly with percent
total protcin when oxpressed as a percent of sample but decreased when
cxpressed a2s a percent of protein. Ulmer (1973) obtained similar results.
The inverse relationship beotween lysine (% of protein) and percent protein

can be attributed to differences in the albumin-globulin:gluten ratio



anong wheats and flours (Simmonds, 1962; McDermott and Pace, 1960) .
Wheats with a low protein content have a higher proportion of albumin
and globulin protecins and, hence, are higher in lysine (% of protein)
than wheats with higher protein content.

Wheats in the World Wheat Collection analysis were grown at Mesa,
Arizona but not all were grown during the same year (Vogel et al., 1973).
Since environment can affect both protein and lysine content (McElroy
et al., 1949), much of the variability for protein and lysine may have
been non-genctic in origin. Even so, the large range in protein and
lysine values would indicate significant genetic difference among wheats
for protein and lysine content. Because of possible genotype x environ-
ment interactions, the high protein and high lysine lines from the World
Wheat Collecction analysis were only tentatively identified as being
possible sources of genes for high protein and high lysine.

rnvironment eaerts a strong influence on the protein content of
wheat. The correlation of a variety's yield with its protein content for
nine varieties grown in an international array of environments varied
with variety but was usually slightly negative (Johnson et al., 1973b).
Any environmental factor affecting yield can be expected to influence pro-
tein content. Protein content of wheat cultivars grown under different
levels of nitrogen fertility is lower under higher yielding conditions
than under low yielding conditions (Terman et al., 1969). Protein con-
tent of wheat can usually be significantly increased by nitrogen fertili-
zation (Hujjata and Maliki, 1972; Hunter and Standford, 1973; Johnson,
Dreicr, and Grabouski, 1973a). Lodging and high temperatures during the

period of grain filling can affect grain size (plumpness) and degree of



shravelling. Kernel plumpness and degree of shrivelling can affect grain
protein content (Johnson et al., 1973b; Johnson et al., 1972c).

Although envaironment strongly affects protein content, genetically
high protzin varicties can maintain a protein advantage over similarly
adapted conventional lines when grown in the same envirenment. In a 3-
year test in Nebraska, CI14016, an Atlas 66 x Commanche-derived line,
naintained 4 consistent 2% protein advantage over Lancer, a well adapted
commgrcial variety, at 5 different fertility levels (Johnson, Dreier and
Graooushy, 1973a). Atlas 66 and Atlas 66- or Frondoso-derived lines
raintained their genetic superiority for grain protein content in com-
paerison to conventional varieties in an international array of environ-
rents (Struile and Johnson, 1972). When compared with wheats with similar
yields in the International Winter Wheat Performance Nursery, the high
protean lines ranged from 0.7 to 3.1 percentage points higher in protein
content (Stroihc and Johnson, 1972). Because of the effect of environ-
ment on protein content, valid comparisons of the protein levels of
wheat con be made only waith wheats grown in comparable environments.

Since lysine 1s a constituent of protein, any environmental factor
alfect) 7 protein can also be expected to influence lysine content.
Lawerence et al., (1958) using data from six varieties grown at three
locations for three years reported no influence of environment on lysine

% of protein) except as environment affected the percent of protein,
1.c., higher lysine content could be attributed to lower protein content.
McElroy ei z1. (1949) reported the nitrogen percent of the variety
'"Marquis' ranged from 1.94 to 4.03% over nine locations in Alberta,

Canada and lysine content varied inversely with nitrogen content. Other
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rescarch demonstrates that as the protein content of a wheat variety:
increases due to increasing applications of nitrogen fertilizer, the
lysine porcent of protein decrecases (Hujjati and Maleki, 1972; Gunthardt
and McGinnis, 1957). Stroike and Johnson (1972) reported an inverse
relationship between protein and lysine (% of protein) for wheats grown
in an intornational array of environments.

Since lysine percent of protein varies inversely with protein
content, Vogel ct al. (1973) suggested the following procedure to identify
and select high lysine wheat lines: "For each environment (year-location)
the regression of lysine percent of protein on percent protein should be
calculated. Lysine values should then be adjusted to the mean protein
content for that particular environment with the specific regression
equation for that onvironment. Wheats with adjusted lysine values that
are consistently greater than the mean lysine percent over environments
could be considered as being genetically superior in lysine content of
protein.”

The bran, including the aleurone layer and germ of wheat kernels,
15 higher in both protein and lysine content than the endosperm (Waggle,
et al., 1967; MacMasters, Hinton and Bradbury, 1971). Large dense kernels
have a larger proportion of endosperm per sample than smaller less dense
kernels (Zeleny, 1971). Wheats with small shrivelled seeds could have a
higher lysine content than large, plump seeded wheats when measured on a
whole hernel basis because of the greater proportion of bran and the
higher protein and lysine content of the bran, even if there were no dif-
ferences in endosperm protein and lysine content. Johnson et al. (1972¢)

mecasured the protein and lysine content of large, medium, and small seeds
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of four different varieties and could not demonstrate an affect of seed
sizc on protein or lysine content, However, within a size class, wrinkled
sccds with open croases were reported to have higher protein contents than
pluap hernels with closed croases (Johnson et al., 1972¢, Johnson et al,,
1973b).

Test weight (1bs/bu or kg/hl) and kernel weight ars used as irdexes
for cstimating malling yield of wheat (Zeleny, 1971), Optimum milling
yield of wheat 1s determined by the percentage of endosperm of a sample
of wheat. Test weight and kernel weight may also be useful in providing
an cstinmate of the effect of seed size and density on the protein and
lysine content of wheat grain. The usefulness of test weight and kernel
weight 1a estimataing milling yield 1s dependent upon the class of wheat
being measured. Correlations of milling yield with test weight and
lerncl weight are much higher for hard wheat than for soft wheat classes
(Baker and Golumbic, 1970).

Test weight is determined primarily by kernel density and the
paching efficiency of the grain in the test container (Hlynka and Bushuk,
1959, Yamazali and Briggle, 1969). Kernel size has little effect on test
weight but hernel shape may affect packing efficiency (Hlynka and Bushuk,
1559). Kernel weaight consists of two factors, kernel size and density.
Since hernel weight and test weight have only one factor in common, the
correlation between tho two measurements can not be expected to be high
(Hlynke and Bushuk, 1959). Harris and Sibbett (1942) obtained a correla-
tion of r = .56 for test weight and 500-kernel weight in hard red spring
wheats. Ghaderi and Everson (1971a) obtained an estimate of heritability

for test weight on a line mean basis of 0.94. Sun, Shands, and Forsberg
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(1972) reported broad sense heritability estimates for kernel weight
rangang from 0.51 - 0.85 over crosses and years with one exception of

0.09 for six spring whoat crosses.
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MATERIALS AND METHODS
Materials

The hexaploid wheats used in this study were obtained from the
World Wheat Collection maintained by the U, S. Department of Agriculture,
Agricultural Research Service. Over 600 wheats were selected using the
results of the protein and lysine analysis of the World Wheat Collection
(Vogel et al., 1973) to represent the range of protein and lysine that
exists therean. Sprang, winter, and intermediate types and all market
classcs of common wheat were represented among the wheats chosen. These
wheats were grown in the 1971-72 (1972 nursery) and 1972-73 (1973 nursery)
growing seasons at the University of Arizona Experiment station, Yuma,
Arizona. The Yuma, Arizona site (32°40'N, 114ON'W) was chosen because
both sprang and winter wheats can be grown in the same nursery from fall
sceding. In the 1972 nursery, 641 wheats were seeded and 636 were
harvested. Secd from the 636 wheats was planted in the 1973 nursery
and 635 werc harvested. Plots were not harvested due either to planting
error or because the plot was smothered by lodging in an adjacent row.
Six chech varieties, 'Nap Hal', 'Atlas 66', 'Centurk', 'Inia 66',
"Traumph 64', and 'Scout 66' were included in the 1973 nursery., Some
of the World Collection wheats were not pure lines. Variability in

plant and kerncl characteristics were observed in these lines.
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Methods

Nursery Procedures

Wheats were grown in 1.829m (6 ft.) single row plots spaced S1 cm
(20 in) apart. Five grams of seed were seeded per plot. The nurseries
werc planted during the second week of November and harvested the last
week of May. Wheats in the 1972 nursery were planted in their CI or PI
numerical sequence. Six check varieties replicated four times were in-
cluded i1n the 1973 nursery with the World Collection Wheats in an aug-
mentcd randomized complete block field design (Federer, 1956). The
nursery was divaded into four blocks; the check varieties were assigned
to plots at rendom within a block; the World Collectioh Wheats were then
assigned to plots at random over the entire nursery. Borderrrows were
planted around the nurseries. In 1972, 168.2 kg/ha (150 1b/A) and, in
1973, 112.1 kg/ha (100 1b/A) of nitrogen was applied. The nurseries
were irragated.

Many of the World Collection wheats are of poor agronomic type
and lodge casily. Lodging was severe in 1972. A lower rate of nitrogen
fertilazation and better irrigation practices greatly reduced lodging in
the 1973 nursery. There was considerable bird damage in 1972 but it was
negligible in 1973. The plots were threshed using a Vogel-type plot

thresher. Yield was measured as grams of seed per plot,

Test Weight and 1000-Kernel Weight

Sced was cleaned using a Clipper cleaner with a .17 x 1.27 cm (1/15
% 1/2 1n) screen. Bushel weight was measured using a 0.5 pint (.246L)

bucket with a standard drop. Bushel weight was converted to kg/hl by
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multiplying by the factor of 1.29. Some plots did not produce enough
secd for test weight measurement. Seed for 1000-kernel weight measure-
ment was hand cleaned to remove cracked kernels. Thousand-kernel samples
were counted using an clectronic seed counter. In 1972, some samples had
considerable amounts of cracked seed. Because of the excessive amount of
time 1nvolved in hand cleaning the samples, 1000-kernel weight was
measured on only 569 of the 636 samples., In 1973, 1000-kernel weight

was measured on all samples.

Laboratory Aazlyses

Whole kerncl samples were analyzed for protein and lysine content.
Samples were ground using a Udy Cyclone Sample Mill. Ground samples were
brought to uniform moisture levels in a controlled humidity cabinet
(Mattern and Baishop, 1973). Samples were then weighed on a dry matter
basis for protein and lysine analysis. Macro-Kjeldahl procedure AACC
nethod 46-12 (AACC Approved Methods) was used to determine nitrogen con-
tent of the samples. Protein content was calculated as percent N x 5.7.
Ion exchange chrcnatography was used to determine lysine content of the
sanpics (Mattern, Schmadt, and Johnson, 1970). In this procedure,
samples ace acad hydrolyzed prior to lysine analysis in an automatic
amino acid analyzer modified with four short columns. The analyzer is
prograrmed so that only the lysine peak is recorded and integrated.
Lysine (% of protein) values were calculated by dividing lysine (% of

sample) values by percent protein,
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Statistical Analyses

An IBM 360 computor was used for much of the data analysis. The
Statistical Analysis System (SAS) programs (Service, 1972) were used ex-
tensively. Statistical procedures and interpretation were based on
standard methods detailed by Snedecor and Cochran (1967) and Steel and
Torric (1960).

Frequency distributions of percent protein, percent lysine of
sanple, porcent lysine of protein, and kernel weight were tested for
rormality by plotting the relative cumulative frequencies on probability
graph paper (Li, 1964).

Simple correlation coefficients (r values) were calculated each
year for percent protein, lysine (% of sample), lysine (% of protein),
yicld, test woight, and 1000-kernel weight to provide a measure of tlie
degree of association of these factors with each other. The correlation
of a linc with 1tsclf over years provides a measure of the repeatibility
of a trzit., Correlations over years were calculated for percent protein,
lysine (% of sample), lysine (% of protein), adjusted lysine values,
yield, test weight, and kernel weight using the results of the original
horid Wheat Collection analysis and the data from the 1972 and 1973 Yuma
rurserics. Plots with yields less than 100 grams were not included in
any statistical calculation involving yield. Yields of less than 100 \
grans were attributed to poor stands within plots,

Regression analysis was used to determine more precisely the rela-
tionship of protein content to yield, test weight, and kernel weight.
Regrossion analysis also was used to study the effects of percent pro-

tein, yield, test woight, and kernel weight on lysine percent of sample
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ana lysine perceat of protein., Separate regression analyses were calcue-
lated fron euch year's data. First, second, and third degree polynomial
rodels cad rultiple regression models were tested. The regression model
chosen to sv.coent a particular relationship was selected on the basis

of a signilicant F-test, significant partial sum of squares for regression,
significant regression coefficients using the '"t'" test, and, with those
criteria met, a maxamum coefficient of determination.

Regression lines for the regression of lysine (% of sample) and
lysine (% of protein) on percent protein were plotted each year., Lysine
(% of sarplc) and lysine (% of protein) values for each year were adjusted
to the re.n protcan level for that year to permit comparisons among wheats
with dilfersent proteun contents. Lysine values also were adjusted to the
mean protein and test weight values for each year for wheats on which
test welght wes measured. Lysine values were adjusted using the regres-
sicn cocfficients developed by regression analysis. As an example, the
adjustaent cquation uscd for adjusting lysine (% of protein) for percent
protein ana test weaght was:

Yiady =Y1-by (X2 -X) -by (z -2) - b3 (242 - 2i2),

Tne b valucs are the partial regression coefficients; Yi, the observed
lysine (% of protein) of the ith sample; Xi, the protein percent of the
1ith sample, and Z1i, the test weight of the ith sample.

Standord partial regrossion coefficients or path coefficients were
calculated for the more pertinent regression equations, Standard partial
regress.on cocflicients are the partial regression coefficients when each
veriable 1s 1a standard measure and, as such, give an indication of the

rolative im.ortance of the independent variables (Steel and Torrie, 1960).
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The World Collection wheats were analyzed using analysis of
variance procedures 1 which years were used as replications to determine
1f significant difference exist among wheats over ysars for protein and
lysinc content. The World Collection wheats were not replicated within
years. Cocfficicnts of variation (CV) and LSD values were calculated.
Analysi. of vuriance procedures were used to analyze the check varieties
in the 1973 nussery to determine if there was any significant within-
nursesy envaroamental variation for protein and lysine content,

Comparatave rankings of wheats using the protein and lysine values
of thic study with those of the original World Wheat Collection analyses
were usced along with the correlations over years to determine if adjusted
lysine value. arc a botter selection criterion than unadjusted lysine
values. The comparative rankings and correlations over years also were
used to evaluate the utility of the World Wheat Collection analyses (Vogel
et al., 1973) as a guide for selecting lines likely to be genetically

superior in protein and lysine content.
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RESULTS

Table 1 lists the mean, standard deviations, and range values of
p-reent protein and percent lysine of the wheats selected for growing at
Yura, Arizona and those of the entire World Wheat Collection. Protein

a1d lysine values are from the original World Wheat Collection analyses.

&)

¢ movn anu range values of the selected wheats approximate those of
tae horld Collection and indicate that the wheats selected for re-
cvaluaiion are representative of the entire World Wheat Collection.
‘iewas, standard deviation, and range values for percent protein,
lysine (v of sample), lysine (% of protein), adjusted lysine values,
yscid, Test weignt, and 1000-hernel weight for the wheats grown in the
1572 ane 1973 Vima rurseries are listed in Table 2. Values for the
checx catr.cs 1a the 1973 nursery are not included. Yield values are
not inc:uded for plots that produced less than 100 grams of seed.
Table 1. !cans, ctandard deviations, and range values for % protein,
lysine (% of sarple) and lysine (% of protein) for 12,613
conon wncwts of the USDA World Wheat Collection and for 635

vueats of the lorld Wheat Collection grown at Yuma, Arizona
an 1572 end 1973.°*

No, of Standard

Variible lines Mean Deviation Range

. Protein 12,6153 12,97 2.019 6.90-22,00
% 2roceun 635 12,98 3.65 6.90-22,00
% Lysiie (L of sample) 12,613 .40 .049 .25~ .66
Y Lroane (% of sample) 635 .40 .10 25~ .66
v Lysine (. of protein) 12,613 3.16 .231 2,25~ 4,26
% Lysiae (% of protein) 635 3.16 .41 2.25=- 4,26
* Prozcein and lysine values from original World Wheat Collection

LaLlysces.
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Table 2. Means, standard deviataons, and range values for % protein,
3 lysine (% of sample), % lysine (% of protein), yield, test
weaght (kg/hl) and 1000 kernel weight for the 1972 and 1973
World Wheat Collection Special Study nursery.

No. of Standard
variable Year lines Mean  Deviation Range
% Protein 1972 636 17.78 1.411 13.80- 22,10
1973 635 16.33 1.552 12,10« 21.00
% Lysane (% of sample) 1972 636 .49 .036 38~ .61
1973 635 .47 .040 e37- .60
% Lysine (% of scmple 1972 636 .49 .021 W42« .55
adjusted for & protean) 1973 635 .47 .020 A41- +54
% Lysinc (% of protein) 1972 636 2.77 .133 2.40- 3,23
1973 635 2.89 .136 2.51- 3,27

[

% L,u-re (G of protewn 1972 636 2,77 .118 2.40- 3.13
wdjusted for L pooteln) 1973 635 2.89 .120 2.57- 3.3l

Yield (on plots 2 100g 1972 609 318.19 132.02 100.00-1042,00
yic.u) 1973 598 360.45 140.73 106.C0- 764.00

1000-kernel weaght (g) 1972 569 38,14 6.752 21.80- 57.00
1973 635 40.60 6.655 24.00- 57,90

Tact weaght (kg/hl) 1972 435 75.69 4,310 61.92- 83.85
1973 494 77.75 3.305 66.44- 84,50
% Lys.re (% of sample 1972 435 .48 .018 4l- .54
ad;useed Jor % pro.cin, 1973 494 .46 .018 .40~ .54
ko/hl, and (wo/ai)?)
S wysane (L ol sanple 1972 435 .48 .033 +38= .60
for above oot) 1973 494 46 .037 e37- .60
© Lys.nc (. o. nroteain 1972 435 2.78 .102 2.34- 3.16
adjuseeu o O protean, 1973 494 2.90 .110 2.54- 3,34

hg/hl, and (kg/nl)2)

% Lysine (% of protein 1972 435 2.78 «135 2,44~ 3,23
for avove set) 1973 494 2.90 <137 2,51-  3.27
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Mcan protein and lysine (% of sample) percentages were higher in
1972 than in 1973, The 1973 lysine (% of protein), yield, 1000-kernel
w..ohit, and test weight mean values were higher than in 1972, The per-
centayes of protein and lysine (% of sample) were higher while the lysine
percent of protein values were lower for the wheats grown in the Yuma
nurscries than for the same wheats in the World Collection analysis.

Tue {requency distribution of percent protein, lysine (% of protein) and
1000-scrnel wexgnt approximated normal distributions. The frequency
aiseribution of lysine expressed as a percent of sample only roughly
approsineted o normal distrabution.

Cor.clatzon cocfficients (r) for yield, test weight, 1000-kernel
we.ge't, percent protein, lysine percent of sample, and lysine percent of
p:otein for the 1972 nursery are listed in Table 3. The same correldtions
for the 1973 nuisery are listed in Table 4. The correlation coefficients
for tae 1972 and 1973 nurseries are similar. Many of these relationships
have been reported proviously, but not for wheats representing such a
large range of agronomic type, seed size, and protein and lysine content,
all grown at the samc location.

Test weight and 1000-kernel weaght were positively correlated with
yicla although the corrclations are small. The correlation of test weight
wiitn 1000-iernel weight was positive but low, Protein and lysine (% of
sanple) arc negatively correlated with yield, test weight, and 1000-kernel
weigat, The correlation coefficients, however, are small. Lysine (% of
protean) was not significantly correlated with yield or 1000-kernel weight.
Test weight had a small, negative influence on lysine (% of protein).

Lysine (% of sample) was highly positively correlated with percent protein.
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Table 3. Corrclation coefficients (r) for yield, test weight (kg/hl),
100J-hernol weight (g), % protein, % lysine (% of sample),
% lysine (% of protein) for the 1972 World Wheat Collection
Specizl Study Nursery grown at Yuma, Arizona. §

- Tes. v.e1ght 1000-kernel Lysine (¥ Lysine (%
Variebles A7/hl wt (g) % Protein of sample of protein)
1eld + 0.202% 0.276** -0.223** =0,184** 0.084*

435 550 609 609 609
Test wt. 0.103* -0.170** -0.370** =0,263*"
kz/hl 390 435 435 435
1000-KXernel -0.278** -0.266** 0.046
wt. (g) 569 569 569
fd pfotcln 0.804.. ‘0.458"
636 636
% lysine 0.154%*
(5 of sample) 636
“ Indicates significance at the .05 level of probability.
i I~d.catos significance at the .01 level of probability.

Yiclas on lznes with2100g yield/row.
Tac ruroer of observations are lasted below the correlation
cocfficients,

1 N
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Coirelation coefficients (r) for yield, test weight (kg/hl),
1000-\ernel weight (g), % protein, ? lysine (% of sample),

% lysine (% of protein) for the 1973 World Wheat Collection
Special Study Nursery grown at Yuma, Arizona. § ¢

st wexght  1000-kernel Lysine (% Lysine (%

Virichles k~/nl wt (g) % Protoin of sample) of protein)
Yicid ~ 0,520%w 0.384%* =0.356** «0,377%* 0.068
s11 621 621 621 621

Test we 0.211** -0.181**  -0,319** =0,192%*
ap/hl 515 515 515 515
1000-hernel =0.326** «0,379** -0.010
we. (3) 659 659 65%

(] ?IOtCln 00871" '00474..
659 659
O lysine (5 0.013
of samplc) 659

w «nd.cates signa{icance at the .05 level of probability.

a1 N

1+

~ndicetes sucaificance at the .01 level of probability.
Yicaes on lines with 2 100g yield/row.

Tre nw ocr of cbservations are listed below the correlation
cocllzciints.,

Sik ohece' cultivars replicated 4 times are included in the
correlataons,
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4 sign:ficant negative relationship existed between lysine (% of protein)
and percent protein, Lysine (% of sample) was not correlated with lysine
(% of protcin) in 1973 but a small positive correlation existed between
these traits in 1972,

A summary of the regression models tested for the 1972 nursery is
given 1n Table 5. Table 6 contains a summary of the regression models
tested for the 1973 aursery. The coefficient of determination (rz) value
for tne multiple regression of protein on kernel weight, yield, and test
weight was 0.11 xn 1972 and 0.12 in 1973. Coefficient of determination
values arc the proportion of the sum of squares of the dependent variable
that caa be attributed to variation of the independent variables. Thus,
only 2pout 10% of the total within-year variation for protein in this set
of wheats can be attributed to the combined variation of yield, test
weight, and kernel weight.

Regression models that provided the best fit for lysine (% of
samplc) ana lysine (% of protein) were the same in 1972 and 1973. Con-
sider.ng oanly the effect of protein, the linear regression of lysine
(% of sample) on percent protein gave the best fit (Models 72-1 and 73-1).

"
IYTYe]

(2]
(e}

ocflicients of determination for the linear regressions of lysine

% of sanple) on yiecld, tost weight, and 1000-kernel weight were small.
In 1972, test weight was the more important of these factors while in
1975 kernel weight and yield accounted for slightly more variation of
lysine (% of sample) than did test weight.

The model (72-32 and 73-29) that gave the best overall fit for

lysine (% of sample) was the regression on percent protein, test weight,

and test weight squared. The coefficients of determination for these
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Teble 5. Suammary of regression models tested for the World Wheat
Collection Special Study Nursery grown at Yuma, Arizona,
1971-1972.~

Soroic Yoacl  Sample Dep. Coefficient
[ cripizon Ma-ber Size Var., Independent Variables of determin.
ALl linco 72-1 636 LS  pww 0.6459
hervestod 72-2 636 LS P p2 0.6469
72- 3 636 LP pww 0.2096
72- 4 636 LP  pww p2ww 0.2206
72-'5 636 LP P P2 p3 0.2230
Lines on 726 569 P KWT** 0.0773
which KT was 72-7 569 LS  KWT** 0.0707
reasured 72- 8 569 LS Pw» 0.6328
72- G 569 LS  P%% KWT 0.6349
72-10 569 LP  KWT 0.0022
72-11 569 Lp  p*+ 0.194S
72412 569 LP  P%% KWT* 0.2007
72-13 569 LP  pww p2ww 0.2061
72-14 339 LP  pw* p2w KWT 0.2100
Lines with 72-15 609 P Yield** 0.0499
yiclds = 100g 7.-16 609 LS Yield** 0.0345
72-17 609 LP  Yield* 0.0071
72-18 609 LS Pp*+ 0.6466
72-19 609 LS P** Yield 0.6467
72-20 609 LP pww 0.2244
72-21 609 LP P** Yield 0.2344
7222 609 LP  Px% p2ww 0.2344
72-23 609 LP pww p2w+ Yjeld 0.2345
LInes on which 72-24 435 P kg/hl** 0.0287
ka/al wos 72-25 435 P kg/hl* (kg/hl)2* 0.0432
rcasurcd 72-20 435 LS  kg/hlwe 0.1367
72-27 435 LS  kg/hl** (kg/hl)2#+ 0.2037
72-28 435 LP  kg/hl** 0.0694
72-29 435 LP  kg/hl** (kg/hl)2#w 0.1016
72-30 435 LS  pww 0.6128
72-31 435 LS P** kg/hl** 0.6706
72-32 435 LS  P*" kg/hl** (kg/hl)2ww 0.6999
72-33 435 LP  pew 0.2366
72-34 435 Lp  pww p2ww 0,2530
72-35 435 LP P*% kg/hlw* 0.3597
72-36 435 LP  pww kg/hl*' (kg/h1)2#w 0.4208
72-37 435 LP  P¥% P kg/hl*+ 0.3650

72-38 435 LP  P** P2% kg/hl** (kg/h1)2%+ 0,4272

LINES wiih 72-39 390 p Yield kg/hl1** KWT+w 0.1072
yiclds 2 100g  72-40 390 P kg/hl** KWT*+ 0.1030
aad on which 72-41 390 P KWT** 0.0291
T ene hg/hl 72-42 390 P kg/hl** 0.0829
were measurcd 72-43 390 LS P** Yield kg/hl** KWT 0.6740
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Table 5. (cont.)

Sample Model Sample Dep. Coefficient
Descrintion Murber Size Var. Independent Variables of determin.
Lines with 72-44 390 LS  P** kg/hl** 0.6716
yields 2 100g 72-45 390 LS  P** 0.5906
and on whaca 72-46 390 LS  kg/hl** 0.2438
T and hg/hl  72-47 390 LP  P** p2% Yield kg/hl** KWT  0.3838
were measured 72-48 390 LP  P** P2% kg/hl** 0.3820
72-49 390 LP P+ kg/hl** 0.3724
72-50 390 LP  P¥* pavw, 0.2300
72-51 390 LP P** 0.2116
72-52 390 LP  kg/hl** 0.0633

* Indicates significance at the .05 level of probability of the partial
rerression cocfficient and the partial sum of squares for regression.

»*  Indic.ios sianificance at the .01 level of probability.

£ P =% Pioccin LS = Lysine (% of sample) LP = Lysine (% of protein)
XWT = 1000 hernel weight (g).
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Table 6. Summary of regression models tested for the World Wheat
Colloction Special Study Nursery grown at Yuma, Arizona,
1972-73, +
§a ie lloael” Semple Dep. " Coefficient
sgription Aunber Size Var. Independent Variables of determin.
All 1-ug, 73- 1 659 LS  pww 0.7579
harvested 73- 2 659 LS p* p2 0.7580
73- 3 659 LP  Pww 0.2247
73- 4 659 LP  pww p2ee 0.2335
75- 5 659 LP P p2 p3 0.2349
Lines on 75« 6 659 P KWTw* 0.1063
wnich XuT wae 73« 7 659 LS  KWT#w 0.1437
nsasured 73- 8 659 LS  P*w KWT+*» 0.7680
73- 9 659 LP  KWT 0.0001
73-10 659 LP  Pww KWTww 0.2549
73-11 659 LP  p*w p2ws KyT#w 0.2635
Lines witn 73-12 621 P Yieldw®® 0.1271
yiciws 2 100g 73-13 621 LS  Yield** 0.1424
73-14 621 LP Yield 0.0046
73-15 621 LS  Ppww 0.%504
73-16 621 LS  P** Yield** 0.7557
73-17 G621 LP  pwe 0.2392
73-18 621 LP P** Yield*" 0.2522
735-19 621 Lp pww p2ww 0.2443
73-20 621 LP  p** p2* Yield** 0.2574
Lines on whach 73-21 515 P kg/hl** 0.0324
ho/hl was 73-22 515 P kg/hl (kg/h1)2 0.0367
ncasured 75-23 515 LS  kg/hlw* 0.1019
73-24 515 LS  kg/hl* (kg/hl)2%e 0.1149
73-25 S15 LP  kg/hl** 0.0369
73-26 515 LP kg/hl (kg/h1)2 0.0436
73-27 515 LS  Pprw 0.7352
73-28 515 LS P** kg/hl** 0.7633
73-29 515 LS P kg/hl'* (kg/h1)2%» 0.7669
73-30 515 LP pe* 0.2546
73-31 515 LP  pww p2w 0.2609
73-32 515 LP  P** kg/hl** 0.3374
73-33 515 LP  p*w kg/hl'* (kg/h1) 2+ 0.3514
73-34 515 LP  P* P2 kg/hl** 0.3406
73-35 515 Lp Pp* p2 kg/hl*' (kg/h1)2ew 0.3541
Lines with 73-36 512 P Yield** kg/hl KWT*w 0.1194
yiclds 2 100g 75-37 512 P Yield** KWT** 0.1173
and on wWaich 7--38 512 P Yield** 0.0863
A!T and hg/hi 73-39 512 P KWT** 0.0706
Lece neasured 73-40 512 LS P** Yield kg/hl** KWT** 0.7689
73-41 512 LS  P** kg/hl*¥ KNT#** 0.7687
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Table 6. (cont.)

Sample Mcdel Sample Dep. Coefficient
Deseription Number Size Var. Independent Variables of determin.
Lines witna 73-42 512 LS  P¥** KWT** 0.7457
yields > 100g 73-43 512 LS  P** kg/hl** 0.7622
and on vhica 73-44 512 LS P** 0.7338
BT and Fa/hl 73-45 512 LS  KWT** 0.0361
were measared 73-46 512 LS  kg/hl¥* 0.1020
75-47 512 LP  P** P2 Yield kg/hl** KWT** 0,3570
73-48 512 LP  pww p2= 0.2582
73-49 512 LP  P** kg/hl** KWT** 0.3519
73-50 512 LP  P** kg/hl** 0.3350
73-51 512 LP  P** KWT** 0.2832
73-52 512 Lp P+ 0.2514
73-33 512 LP  kg/hl** 0.0378
73-54 512 LP KWT 0.0015

* Indicates signif:icance at the .05 level of probability of the partial
rezso5sion coelficuent and the partial sum of squares for regression.

** Indiccies significance at the .01 level of probability.

# P s L Protean LS = Lysine (% of sample) LP = Lysine (% of protein)
XuT = 10C0 kernel weight (g)

# anples include 6 chieck cultivars replicated 4 times.,



29

vegression models were 2 = 0,70 and 2 = 0,77 for 1972 and 1973 respec-
tively. OCOn the same set of samples, the coefficients of determination
£or the lincar regression of lysine (% of sample) on percent protein were
12 = 0,61 (Model 72-30) and r2 = 0,73 (Model 73-27). Including test
weignt 11 the regression model improved the predictability of lysine
(% orf sanple). After accounting for the variation in lysine (% of
sanple) attributabl. to percent protein and test weight, yield had no
effect. hernel weight had no effect in 1972 and only a very slight
effect n 1970,

avsults of the regression analysis indicate percent protein and
st weaght alliccted the lysine (% of protein) content of the wheats
«aalyzed. ¢ .cl wearght and yield had no significant effect on lysine
(v of protcin). Tirst, sccond, and third degree polynomial models were
tested Jov tue wegression of lysine (% of protein) on percent protein.
The sceend dezree polynomial models (Model 72-4 and Model 73-4) gave the
bist Jit coasidering only the effect of protein. The models (Model 72-36
and 73-33) for the regression of lysine (% of protein) on percent protein,
test weight, aad test weight squared gave the best fit of all the models
tested.  Thae coefficients of determination for these regressions were
v2 = 0,42 and r2 = 0.35 for 1972 and 1973 respectively. The coefficients
of determination for tho regression of lysine (% of protein) on percent
protein and percent protein squared were r2 = 0,25 (Model 72-34) and r2 =
0,20 (l'ocel 73-31) for the same group of samples. ‘These rosults indicate
that betwecn 35-42% of the variability within years for lysine (% of pro-
tean) of the wheats studied can be attributed to variation of percent

protein and test weight with percent protein having the greater influence.
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The means of the independent variables, regression coefficients,
¢t values from the 't' test of the regression coefficients, intercepy
valaes, and the standard partial regression coefficients for the regres-
sion of lysine (% of sample) and lysine (% of protein) on percent protein
and on percent protein and test weight are given in Tables 7 and 8. The
standard particl regression coefficients for tost weight and test weight
squarca are larger in magnitude than the standard partial regression

coefficivats for perceat protein. However, the standard partial regres-

[1d

.on coofzicients for test weight and test weight squared are opposite in
sign. Tav net circet of test weight on lysine (% of sample) and lysine
(% of protcin) 1s less than that of percent protein. The net effect of
test werght on both lysane (% of sample) and lysine (% of protein) is
negative, 1.c., as test weight increases lysine content tends to decrease.
Regression curves for the regression of lysine (% of sample) on
percent proteia are shown in Figure 1 for the 1972 and 1973 Yuma nurseries
and for un: catisc USDA Vorld Wheat Collection., The World Collection
curve 15 {ron Vogel et al. (1973). The increase in lysine (% of sample)
w.id 1ncrcuse in protein content is clearly illustrated. The similarity
of tac cu.ves and their closeness indicates that this relationship is
fairly constant over environments. The length of the curves corresponds
to tle range of protein values for each set of samples. In the World
wheat Colicction analyses, the wheats grown at Yuma in 1972 and 1973
represented the entire range of protein values in the World Collection.
The ncan protein percent of the wheats in the World Collection analyses
was 12,97%, Tac mean protein percentages for the 1972 and 1973 Yuma

nurseries were 17.78% and 16,33% respectively. The heights of the



Table 7. Mioh , To cesuvi o2 f 1o, , "t v lu~e fo- i 1,00 ver o “Trcre te, Y aptoreyg
vale - do. th 3¢, Jovenr  Ys ucet an oln ve the Xy 0 (0T e 51) cnt dyeaone (G
of motcur) velo ~ for the 1077 Y 2 lusld 1 L Collectiroa ¢ Sty hy ture g

li-en of

Dzpendrat Ingzpo: deat Inderend v Rz oo 't
Hiodel = Varia™. Varasl)e  Voiacble  Cocfficict Volue Inmtmcept cocff
72- 1  Lysire (% of % Protein 17.78 b; = .020277  34.00 » 0.12722
sarple)
72-32  Lysine (3% of % Protcin 17.55 by = .017912  26.69** - .91459
sample) kg/hl 75.69 by, = .0313%% 6.11%*
(kg/h1)2 5747.80  bs = -.000225 - 6.48%*
72- 4 Lysine (% of % Protein 17.78 b, = -.224173 - 3.70** 5.15102
protein) (% of Protein) 318.195 bz = .005049 2.99**
72-36 Lysine (% of % Protein 17.55 b; = -.058055 -15.41** -2.52088
protein) kg/hl 75.69 by = .183306 6.35%*
(kg/h1)2 5747.80 bz = -.001315  6.74**

TSty T
P-T ]
TCEIC™ 530N
cocff zicnt

0.720
4.054
-4.305

-2.373
1.918

-0.578
5.858
-6.224

-
A

** Indicates significance at the .01 level of probability.

e



Table 8. Mecans, regression ccoffacicents, 't! valves for the regression coefficients, and intercept
values for the regression ro’.1ls uscd in edjusting the lysine (% of saaple) and lysine (%
of protecin) values for the 1973 Yu-r Vorld Vheat Collcction Spceazl SU vy Nursery.

T Standard
Mecan of partial
Dependent Indcpendent Indepcndent Regression 't regression
Model Variable Variable Variable Coeificient Valuce Intercept coefficient
73- 1 Lysine (% of % Protein 16.34 by = .022451 45.35%% .10090
sample)
73-29 Lysine (% of % Protein 16.10 b; = .020898 37.81** - 64270 0.823
sample) kg/h1 77.82 by = .021912 2,59** 1,908
(kg/h1)2 6067.56 bz = -.000154 - 2,82%* -2.079
73- 4 Lysine (% of % Protein 2 16.34 b} = -.167233 - 3.63** 4.59330 -1.922
protein)- (% Protein) 269.636 by = .003836 2,74%* 1.451
73-33 ° Lysine (% of % Protein 16.10 by = -.051978 -15.57** .1.86802 -0.565
protein) kg/hl 77.82 by = .157792 3.09** 3.794
(kg/h1)2 6067.56 bz = -.001100 - 3.33%* -4.090

** Indicates significance at the .01 level of probability.

4
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regression curves are in inverse order of the mean protein rank.

Regression curves for the regression of lysine (% of protein) on
percent protein ave shown in Figure 2 for the 1972 and 1973 Yuma nurseries
and for the catire USDA World Wheat Collection. The regression curves for
the wheats grown in tho 1972 and 1973 Yuma nurseries indicate that lysine
(% of piotein) 1s negatively related to percent protein for protein
levels groater than 15%. The slopes of the regression curves are slightly
different for the 1972 and 1973 Yuma nurseries indicating that the magni-
tude of the inverse relationship between percent protein and lysine (% of
protein) veries with cnvironments. The heights of these regression
curves 2lso are in inverse order of the mean protein rank.

Since the regression analysis indicated that percent protein and
test werght have an effect on lysine content, lysine (% of sample) and
sysane (5 of protein) values for each Yuma nursery were adjusted to the
nursery nean psotein and test weight values in order to make valid
lysine comparisons among wheats having different protein contents and
test weilghts. Lysine values also were adjusted only for percent protein
t0 Mmeac Tor parisons with the adjusted lysine values of the original World
Collection in which lysine values had been adjusted only for percent pro-
tein. The mean, range, and standard deviation of the adjusted lysine
values arc listed in Table 2. Removing the variation attributable to
percent proicin and test weight reduced the standard deviations, The
Tegression cocfficients and mean of the independent variables used in the
adjustnent cquations are listed in Tables 7 and 8.

Six check varieties were grown in an augmented randomized compléte

block design with the World Collection Wheats in the 1973 Yuma nursery to
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Figure 1. Regression lines for the regression of lysine (% of sample) on % protein for

the USDA World Wheat Collection (W.W. Coll.), 1972 Yuma nursery, and the 1973
Yuma nursery.
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test for within nursery environmental variation. Protein and lysine con-
tents of the check varieties were analyzed using analysis of variance pro-
ccdures for the randomized complete vlock design. Means, F ratios, coef-
£icients of variation, and LSD values for the analysis of the 1973 Yuma
cheek varieties ere listed in Table 9. Although the check varieties
dirfered sigmaficantly for percent protein, lysine (% of sample), lysine
(% o protein), and kernel weight, the F ratios for blocks were not signi-
ficant for protein or lysinc content. The F ratio for blocks for kernel
weinat was significant at the .05 but not at the .01 level of probability.
Eaccpt for yiold, the cocfficients of variation are small. Analysis of
variance for test weight was not conducted because 3 of the 24 check

ploss uid not produce sufficient seed for test weight measurements.

Meoas, cocfficicnts of variation, and LSD values from the analysis
of variance, ccasidering ycars as replications, for the World Collection
wheats 1n the 1972 and 1973 Yuma nurseries are listed in Table 10. Range
values {or the treits studied also are listed, Results of unweighted
analysis of variznce are given for yield, kernel weight, test weight, and
for lys.ne content adjusted for percent protein and test weight since
yicld, hcrnel weight and test weight were not measured on all wheats in
both ycars.

Cosfficients of variation were low for all variables except for
yicld. Yield measurcments on single row plots analyzed over years are
subjcct to large cxperimental error. The low coefficients of variability
for percent protein, lysine (% of sample), lysine (% of protein), kernel
weight, and test weight indicate that single row plots are suitable for

testing those variables in the Yuma environment.
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Table 9.

Yioaas, ISH values, ord cocfficiants of varintion for 100U lerncl weaght (p), yicld
(g/plot), & protain, Ivsine (U of sample), ond Iycince (¢ of protuin) for the chece)

vaiictic  in tle 1973 Lorld Lhcat Collection Speciel Study nuiscay
x x x x
1000 Fernel X % lysine lysine
weight  yield protein (% of sample) (% of protcuy)

CHECK LINES

Atlas 66 34.7 386 0 19.05 .52 2.76
Triunph 64 40.1 251.5 17.45 .49 2.83
Scout 66 42.2 377.25 14.55 .43 2.99
Inia 66 50.50 427.75 16.40 .46 2.83
Centurk 36.0 466.25 13.92 .43 3.1z
Nap Hal 26.4 318.0 £/ 18.48 .57 3.09
STATISTICS
'F' ratio for blocks 3.31* .93 2.81 2.04 2.57
*F' ratio for lines 140.02** 2.61 18.36** 19,35** 12.00 **
Coefficient of variation (%) 3.56 25.20 5.83 3.00 2.91
LSD .05 2.06 142.75 1.463 .04 0.13
LSD .01 2.84 198.13 2.023 .05 .18

*, ** Indicates significance at the .05 and the .01 level respectively.

£ Yield measured on 3 plots.

LS
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The F ratios from the analysis of variance over years were signi-
ficant at the .0l level of probability for years and lines for all traits
tested. There were significant differences among wheats for lysine (% of
sample) and lysine (% of protein) even after lysine values were adjusted
to the mean protein and test weight values for each year indicating that
genetzc differences do exist among the wheats used in this study that are
indepoendent of tne protein content and test weight of the wheats. Although
years had & significant effect, the variability attributable to lines was
of much greater magaitude for all traits.

Protein ana unadjusted lysine values for the wheats that had the
highest and lovest mean protein values over years are listed in Table 11.
The high piotein wheats are five percentage points higher in percent
protein than the low protein wheats.

wheats with the highest and lowest mean values over years for
lysine (% of protein) adjusted for percent protein are listed in Table 12.
Wheats that had the highest and lowest lysine (% of protein) values ad-
justed for sercent protein and test weight are listed in Table 13, In-
cluding test weight in the adjustment equation changed the rankings of
the wacais.

Thae offcct of adjusting lysine (% of protein) values for percent
protein was to adjust the lysine values up if protein percent was greater
than the mean protein level and down if protein percent was less than the
mean, The net cffect of the adjustment for test weight was to adjust
lysinc (% of protein) values up if test weight was greater than the mean
test weight and down if test weight was less than the mean, A 0.4 to 0.5

percentage point spread exists between the wheats with the highest and
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Table 10. Means, coefficients of variation, LSD values, and range values
from the analysis of variance considering years as replica-
tions for the 1972 and 1973 Yuma, Arizona World Wheat Collec-
tion Special Study Nurseries, #

" Range of

Varicble Mean Cv LSD .05 LSD .01 Means

% Protein 17,058 6.61 2,21 2.91 14.10- 20.95

Lysine (% of sample) 0.478 5.76 0.05 0.07 .38- .59

Lvsirs (S of sample) 0.478 3.18 0.03 0.04 43« .54

adjusied for % protein

Lysine (v of protein) 2,832 3.69 0.21 0.27 2.50- 3,13

Lysire (G ol protern) 2.832 3.11 0.17 0.23 2.54- 3.19

adjLsted Los % protein

Yield (.ir.s vath 2 339.13 36.01 239.8 315.6 127.0 -719.0

1007 yzelid) +

1009 heomel weight (2) + 0 39,43 6.48 5.02 6.61 24.10~ 56,85

Test weigat (Lag/hl) + 76.78 2.22 3.35 4.41 66.76- 84.17

Lysine (5 or .awnle) 471 3.13 0.03 0.04 43- 81

edjus.ec Zor % protern,

wa/al, (Np/al)d o«

Lys:re (v 0l sz zle) for .471 5.72 0.05 0.07 41 .56

above sot oF veots +

Lysune (. o protiein) 2.842 2.50 0.14 0.18 2.59- 3,04

edjusice .cs % piotean,

ha/al, (wo/ni) -

Lyzive (& ol protian) 2.842 3.09 0.17 0.22 2.56- 3.06

for aoove sct of wheats +

+ Results ol unweighted ANOVA since all wheats not represented in both

" -
yeass,

Range of mcans values are for wheats represented in both years,

# F ratios for ycars and lines were significant at the .01 level for all

variables,
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lowest mean adjusted lysine (% of protein) values.

Wheats with the highost and lowest mean values over years for
lysinc (% of sample) adjusted for percent protein and test weight are
listed in Tcble 14, Tho effect of adjusting lysine (% of sample) values
for percert protcin was opposite that of adjusting lysine (% of protein)
values. Lysine (% of sample) values were adjusted down when percent pro«
tean was gieater than the mean and up when less than the mean percent
protein. The net effcct of the adjustment for tést weight on lysine (%

a{ samale) wao the sexe as for lysine (% of protein). The correlation

of lysine (% ol sannle) and lysine (% of protein) after both were adjusted
for percent parotein anc test weight was r = 0,98 for both 1972 and 1973,
Thirteea of the 15 linos that had the highest lysine (% of protein) values
aftcs cujusting for tost weight and percent protein were among the top 15
lines that had the highest lysine (% of sample) values after adjustment
for the some factors.

The sizplo corrclation coefficients for protein, lysine, test
welght, lLerncl weaght, and yield of individual lines correlated over years
ase listed in Table 15. The simple correlation coefficient for a trait
over ycars provides a measurce of the repeatability of that trait. A cor-
relaticn v 1t = 1.0 would indicate a completely heritable trait, i.e.,
not influcnced by year to ycar environmental variation.

Adjusting lysine (v of sample) for percent protein slightly dee
creased tho corsclations over years as compared to unadjusted lysine (%
of samplo). Adjusting lysine (% of protein) improved the correlation of
lysino (% of protcin) over years. The correlation coefficients over

years of lysin. (% of sample) and lysine (% of protein) adjusted for
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Table 11. Protein, lysine, and 1000 kernel weight mean values for the
wheats that had the highest and lowest mean protein values
<or the coamon wheats of the World Wheat Collection Special
Study.*
1000~-kernel
Rank CI/PI wt., & P LS LP
1 6225 25.50 20,95 .58 2.80
2 11028 24,75 20,20 54 2.70
3 1735538 24,50 20.20 .55 2.76
4 &eel 28.20 20,15 .56 2,78
5 174680 31.75 20.10 .56 2.84
6 298580 43.65 20.05 .52 2,62
7 286000 29.20 19.95 54 2,70
8 234666 34.70 19.90 .54 2.76
9 166788 28,50 19.85 .54 2,75
10 263542 40,60 19.75 .52 2.66
11 7695 32,05 19.75 52 2.64
12 185349 49.20 19.75 .52 2,66
13 9178 28.75 19,75 .52 2.66
14 285880 40,35 19.70 +55 2.80
15 182014 52.85 19.70 54 2.76
[ ]
'
1
632 231308 37.70 14.40 .41 2.90
633 304350 39.10 14.30 .44 3.09
634 166182 39.50 14.30 43 3.00
635 6336 41.10 14,20 .43 3.06
636 131276 50.95 14.10 42 3.06

LS
L?
CI
Pl

n oo R

% Protemn
“ Lysine (% of samplg)
¢ Lys.ne (% of protein)

Cercal Investigation number
Plant Introduction numbor
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Table 12, Protein, lysine, and test weight mean values for wheats that
had the highest and lowest mean lysine (% of protein) values
adjusted for percent protein for the common wheats of the
World Wheat Collection Special Study.*

Test weaght Adjusted

Rank CI/PI kg/hl P LS LP LP

1 176217 74.8 19.4 .60 3.10 3.18
2 245604 hadadaded 1708 054 3- 12 3. 15
3 1620608 71.0 17.3 .54 3,12 3.14
4 6616 71.0 17.1 .53 3.13 3.14
5 174702 72,2 17.0 .52 3.08 3.09
6 166859 72.2 16.8 .51 3.06 3.05
7 254829 76.8 17.2 .52 3.04 3.04
8 19200 73.5 16.8 .51 3.06 3.04
9 298587 75.1 16.8 .51 3.06 3.04
10 13563 oo 18.4 .24 2,98 3.04
11 165946 78.4 16.8 .51 3.04 3.04
L2 305513 76.4 16.2 .50 3.05 3.03
15 254077 ———— 19,2 .56 2.94 3.02
14 272427 78.0 18.1 .53 2.96 3.02
15 298568 71.0 17.5 .52 2.99 3.01
!
1
1

632 164501 81.9 16.7 42 2.58 2,58

633 9041 80.6 18.8 .47 2,50 2.57

634 90:9 81,9 16.4 .42 2,59 2,57

635 9050 82.6 14.6 .38 2.68 2,55

636 S047 81.5 14.7 38 2,66 2.54

P = & Protoin

LS = % Lysine (% of sample)

LP = 5 Lysine (% of protein)
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Table 13. Protean, lysine, and test weight (kg/hl) values for the wheats
that had the highest and lowost mean lysine (% of protein)
vaiues adjusted for % protein and test weight for the common
viicats of tac Vorld Wheat Collection Special Study.+

Ren) C1/PT Vo /ol P LS LP LSAD LPAD
1 106843 70.57 16.85 .51 3.04 .51 3.05
2 25- 3.0 75.43 17.20 .52 3.04 51 3.03
3 222730 75,00 18.25 .53 2.94 .50 3.03
v 10207 79.01 17.55 .52 2.97 .50 3.03
5 152533 0,62 15.55 .47 3.04 «50 3.02
6 2587 75.14 16.80 .50 3.06 .50 3.01
7 10un0 78.37 15.50 .48 3.08 .50 3.02
g 178550 77.08 17.50 .52 2.98 .50 3.00
9 2022350 /15,21 19.15 .56 2.92 .50 2.99
10 205053 30.30 14,70 .44 3.06 .49 2.99
il RIS 7Cuud 16.25 .50 3.05 .50 2.99
i 1650 79.65 18.25 .52 2.88 .50 2.99
1o 115675 75.43 16.10 .49 3.05 .50 2.99
e 22070 7C .0+ 17.25 .51 2.96 .50 2.99
15 109563 79.01 15.70 .47 3.02 .50 2.99
1
[}
'
354 2041 £0.52 18,85 47 2.50 .44 2.66
355 5G40 21,92 16.45 .42 2.59 .44 2,66
350 5047 £l1.59 14,70 .38 2.66 .44 2,62
357 G477 74.82 18,55 .47 2.56 .43 2.62
338 225223 €3.05 16,95 .44 2.64 43 2.59
+ 2 = § P.otern LS = Lysino (% of sample)
LP = Lysine (L ol protcin)
LSAD = Lysine (7 of sample) adjusted for % protein, kg/hl, (kg/hl)2
L?AD = Lys. .. (% of protein) adjusted for % protein, kg/hi, (kg/hl)2
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Table 14. Protein, lysine, and test weight (kg/hl) values for the wheats
that had the highest and lowest mean lysine (% of sample)
values adjusted for % protein and test weight for the common
whoats of the World Wheat Collection Special Study.+

Real Ci/Vs Ja/ " p LS LP LSAD LPAD
1 1829 76,43 17,20 .52 3.035 .51 3.04
2 103846 78,57 15.85 .51 3.04 51 3.05
3 17¢560 77.08 17.50 .52 2.98 .50 3.00
4 192735 78.69 18.25 .53 2.94 +50 3.03
5 155433 £0.52 15.55 .47 3.04 .50 3.02
6 10807 79.01 17.55 .52 2,97 +50 3.03
7 308513 76.43 16,25 .50 3,05 .50 2.99
g 1,848 78.37 15.50 .48 3.08 .50 3.02
9 185380 73.21 19.15 +56 2.92 .50 2,99
10 12474 % 78.04 17.25 .51 2.96 S0 2.99
11 250557 75.14 16.80 .50 3.06 .50 3.01
12 11375 76.43 16.10 .49 3.05 .50 2,99
13 1353143 79,66 18,25 .52 2.88 .50 2,99
14 11986 76.10 16,70 .50 3,02 .50 2.98
15 176223 72.56 18.4 «54 2.94 «50 2.97
]
1
354 164501 §1.92 16.70 .42 2,58 44 2.66
355 168529 75,14 18,30 .48 2.64 .44 2.69
356 9041 80.62 18.85 .47 2,50 44 2.66
357 €177 74,82 18,58 47 2.56 .43 2.61
358 225223 60.05 16.95 44 2.64 43 2.59
+« P s % Protoin
LS = & Lysane (% of sarple)
Woouw § Lysane {5 of protein)

LSAD « % Lysine (5 of sample) adjusted for % protein, kg/hl, (kg/hl)2
LPAD = % Lysine (% of protein) adjusted for % protein, kg/hl, (kglh'l)2
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perceat protein are of similar magnitude. The coefficients for the
correlation of the 1972 and 1973 Yuma protein and adjusted lysine values
Wall the protean and adjusted lysine values of the World Wheat Collection
aralyses a.c appioximately the same as the coefficients for the correla-
tion of the 1972 and 1973 Yuma data. The size and similarity of the cor-
relations over years for protein and lysine adjusted for percent protein
suggcats that the rank relationship among wheats for these traits over
ernvironneats are reasonubly similar,

Test weight aad thousand-kernel weight were not measured on the
wrect sarples used an the World Wheat Collection analysis. The correla-
t-ons over yars oo test weight and kernel weight are high indicating
that these trasts wese highly heritable under the Yuma conditions. Re-

soval ol Jhe var:

£

tion attributable to test weight and percent protein
by adju..eziag the lysine valuos decreased the correlation over years for
both lysine (% of sazmplo) and lysine (% of protein).

Tae correlations over years for yield was low. This was probably
duc 11 vurt (0 the caperimental error of measurement for the single row
plots cad pawtly because yield is a trait that is considerably influenced
by year to ycor cavironmental variation.

Tac protein values and rank of the wheats in the 1972 and 1973
Yuna nurscrics with the highest and lowest mean values and the protein
values and rank of tho same 636 wheats using World Wheat Collection analy-
$15, resules are lasted in Table 16. With the exception of PI173438 and
CIS681, wheats with hagh and low protein content of grain in the Yuma
narserics raniked similarly in the World Wheat Collection analyses even

thougn the protein range was much greater in the World Collection analysis.
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Table 15. Corrolation coefficients (r) for percent protein, lysine (% of
sample), lysine (% of protein), Yield, 1000 kernel weight, and
test weaght (hg/hl) over years for wheats grown in the World
Wacat Collection Special Study at Yuma, Arizona in 1972 and
1973 2ad for the initial USDA World Wheat Collection analysis
Tesules.+

W. t7. Collection W. W. Collection

analysis # analysis ¢ Yuma 72
Vs Vs Vs

Viri.bhle Yuma 1972 Yuma 1973 Yuma 73

Peicent Protilfieccsvssveocsscnseneae .439**..-0.0.0-.0. .330'*000-00. .424..
635 634 635

Lysinc (s of SCﬁPlC)""""""' 492% % s csonsccncss 449% N0 «475%%
635 634 635

Lys.ne (% OF sarplo)eeecvenserone 404%Woscecsasonce 246 eotcass ,450%*
ad;usted foo v Lroteln 635 634 635

Lysine ("_, o prote;n)....nco....o 340% e ecsconsnes [ NO6® secrees ,L308%N
635 634 635

Lreane (G ol procean) evevecereee (413%%ecccnrnancne 262%WHec0nnns 4480%
~wJusted Los % protean 635 634 635

Yicld (lanS with 2 loog-'--oo...oooooooooooooooooo.oooo.ocooooooo 194 %
yicld) 575

1000 l\crnC‘I weight (g)oo--oooo-oooonoooooooooooooooooonooooooooooo .853..
568

Tcst wclght (kg/hl)-o-oo-c.ooa.oooouooo-o-.oonooooot-oooloo-ooonoo .707*’
358

L)'Slr‘e (ﬁu G: S.".z‘.plc) ------- 9 0 0000000000008 0000000000006 00 0000000 .263..
adjusted for L protean, 358

\ M4
ha/el, (/1)
L\Slnc (n\, O. "C’...)IC) foro--oooooaoooocooocooooooouooooooooooocoooo .432*.

apove Sel 6. vioots 358
L/;lnc (, 0: Q:Otc;n).o-oooono-ooooocuoccooocooocoooooovoouocootoo .253..
wdjusted lo. o protean, 358

Yo/al, (o)<
Ly;lne (‘ S p:otcln) forn--on-onooccoooootctooto-oonoooooo.oooooo .407*.

above sot ol w.cats 358

+ I LT o lines correlated are listed below the r values.

“, *™ ladicutes significance at the .05 and .01 levels of probability,
respectavely,

# Adjusted lysine values for the World Wheat Collection analysis

data adjusted using regression coefficients in: Vogel, Johnson,
Mattern, 1973.
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Wheats grown at Yuma with the highest and lowest mean lysine (% of
pretexn) and lysine (% of prototn) adjusted for percent protein values
ard the lyciae values and rank of tho same wheats using World Collection
aalysis vesults are given in Tables 17 and 18, The adjusted lysine
values and their rolative ranh are in much better agreement than the un-
alywotod lysine values. On the basis of the lysine values obtained at
Yura, lysane (% of protein) values adjusted for percent protein would be
Lae betoes seleczion eriterion for solecting wheats genetically superior

or l7sine content from the World Wheat Collection,

"y,
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Table 16. Protein values of the wheats in the 1972-73 Yuma tests with
the highest and lowest mean values and the protein values and
ranl of the same 636 wheats using World Wheat Collection

analyvsis results,

- T oTTTT TR o W, W. W, W.
LI/PI Yuma Yuma Collection Collection
nu ber rank S Protein . % Protein rank
0225 1 20,95 19.5 26
11008 2 20.20 18.5 67
175338 3 20.20 9.0 535
8581 4 20.15 13,20 297
17480 S 20.10 20.6 9
2312, 632 14,40 9.1 514
37520 053 14,30 8.8 559
16i.a2 634 14,30 13,9 231
0530 635 14,20 9.12 513
31276 630 14.10 8.8 574

“‘ean protein %
LSb ,05 = 2,21

= 17.058

favle 17 Lysine values (% of protein) of the wheats in the 1972-1973
Yumz tests with the highest and lowest mean values and the
lvsinc values and rank of the same 636 wheats using World
Wheat Collection analysis results.

W, W. W. W.

Cr/rl Yumne Yuma Collection Collection
nuber renk % Lysine % Lysine rank
GLlo 1 3.13 2,98 411
162008 2 3.125 J3.15 259
243604 3 3.120 3.04 356
263349 4 3.115 3.97 8
14252 5 3,105 3.29 206
6i77 632 2,56 2,44 628
9033 633 2.56 2.71 548
9393 634 2,56 2.78 528
9045 635 2,56 2.75 536
9041 636 2,50 2,60 606

LS .05 = ,21

Lysino (% of Protein) X = 2,832
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Table 18.  Lysine (% of protein) values adjusted for percent protein in
the 1972-73 Yuma tests with the highest and lowest mean values
« the adjusted lysine (% of protein) values of the same 636
hacats using lorld Wheat Collection analysis results.

—————— A— . > et . g 4

W, W
Y Collection W. W. W. W.
FRURD % Lysinec % Lysine Collection Collection

cLPL S (¢4}uutg§i (adjusted) % Lysine rank
Rl 1 316 3.27 3.06 150
24 d 2 .15 3.23 3.04 208
e 3 3.14 3.36 3.15 51
WOLD < 3.14 3.19 2.98 267
174702 S 3.09 3.25 3.04 180
1edSus 632 2.58 2.71 3.29 528
TN 63 2.57 2.66 2.60 553
I N 2,57 2.56 2.69 601
J0.0 0I5 2.66 2,28 2.60 636
Y07 6.5 2.54 2.51 2,99 620

1572-73 Aljusicd lysine X = 2.832
LSD .05 = .21
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DISCUSSION

The 1972 Yuma mean protein percent was higher than the mean 1973
Yuna protein percent. The higher rate of nitrogen fertilization used in
1972 coatrabuted to the higher protein content in 1972. This effect of

1T.05¢n rertilization upon protein content agrees with the results of

tojjet1 and Malaky (1973), Hunter and Standford (1973), and Johnson et
«l. (19732).

Tne high rate of nitrogen fertilization in 1972 resulted in pro-
.4f1¢ vegetative growth, Severe lodging resulted when the wheats were
1rrizeles lace 1n the growing season. Because lodging hindered normal
fain filling, the yaeld, test weight, and kernel weight were lower in
1572 traa in 1973. The small negative correlation between percent proe
tean &id yield, test weight, and kernel weight obtained in this study
indicate tiol tacsu factors also contributed slightly to the higher pro-
tein coateat fos the 1972 nursery. This conclusion is supported by the
“esuits ol Teswan et al. (1969) and Johnson et al. (1973b) who reported
thae the nsotean content of wheat grain tends to be lower under high
yiclding coiditions tacn uader low yielding conditions. Johnson et al.
(-373b, 1972¢) siported that plump kernels tend to be higher in protein
coateat tian sasiveled kernels., Ghaderi et al. (1971b) reported a low
POw.Tuve corunlition (£ = 0.11) of protein content and test weight, This
positive corrclacion, however, was obtained using low protein soft winter
waoals that did not diffor greatly in protein content.

Tho wverage protein coatent of the wheats in the Yuma nurseries

was ruch higher than the average protein content of the same group of
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wi.ats in toe Korld Collection analysis but the range in protein values

-~

Tac h:pgh protein percentages of the Yuma nurseries can be

Wio *alior,

~
-

| 2
[

trlizetion, absence of diseases, and irrigation. The
20758 wa moccza velues was larger for the World Collection analyses

2 2t 200 w1l wheets had been grown during the same year. Much of the
VelaZeaGa un Qa&ooin contont reported by Vogel et al. (1973) for the
world Collectuna, thus wes non-genotic in origin.

Yo naliiple segressica of percent protein with yield, kernel
¢ weight indicated that only about 10% of the variability
{02 P1Silerl o i3 vaeals within a nursery could be attributed to varia-
t-C 20,7 ruvees Jor these factors. This indicates that variation for
FCLoLs COatlnt Goul Waeals 1n the same environment is not influenced
B9OGLS LIS.T oheCul by sced size or percent endosperm of samples. .
Vhdiwelol aur oluelan contiat {or a given wheat over environments is
p.ooclly znllucaced by these factors.

In toth the 1972 and 1973 Yuma nurseries, high positive correla-
wa6as exasied oewveca lyuine (% of sample) and percont protein. This
Stlucaonchs) was weposted by Vogel et al. (1973) for the entire World
ircat Collictzon zrd 15 to be expected since lysine is a constituent of
peOct-1. Tas moca for lysine (% of sample) was higher in the 1972 nursery
taon Jor tac 1973 nursery and the mean lysine (% of sample) of both

nufies.es vire nuch aigher than for the samo wheats in the World Collec-

t.ea ancly.os, Tage nean lysine (% of sample) values ranked in the same
7

(4]
(o4

0Z&Ls a5 tae p.otein means for the threo sets of data indicating that the
sysine (v ol sample) values of whoats will be higher in high protein than

1 low protein environmonts. However, tho ordinates of the regression
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curves at common protcin levels are in inverse order of the mean protein
levels. This mcans that the average lysine (% of sample) for wheats that
had 18% protean was lewer for the wheats of the 1972 Yuma nursery than
for vheats of the 1973 Yuma nursery that had 18% protein. This incon-
s-stvicy can be explained 1f proportionately more gluten proteins ave
proul.ced in high protein environments than in low protein environments.
The resulls of Ulmer (1973) show that more gluten proteins are produced
unues Ragh proiein than under low protein environments by the same
WawdisSe.

“he 1averse rclationship between protein and lysine (% of protein)
anoa; wheais of the Yuna nurseries was similar to that of the entire
rorid hacot Collection. This relationship was also reported by Lawrence
et - (1083), Vallegas et al. (1970), Simmonds (1962), and McDermott and
Pace (19G0) and probably exists among wheats in all environments. The
Yw.a results diffcred from those of the World Wheat Collection in that
tiv curvilincarity was not as pronounced and the negative relationship
betweea protexn and lysine (% of protein) existed for wheats with more
thaa 15% protein. These differences were probably due to the high mean
peotcin lovels of the Yuma nurseries and to the narrower protein range.

The inverse relationship between lysine percent of protein and
peccent prowean for wheats within a nursery can be attributed to high
protein wacals having proportionally more gluten proteins on the average
tnza low protein wheats, (Simmonds, 1962; Mattern et al., 1968; Pence et
al., 100«; Ulmer, 1573; McDermott and Pace, 1960). The relative heights

and slopes ol the roy,ression curves for the regression of lysine (% of

psotein) vary with environment indicating that there is an environmental
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cfrect on the allumin-globulin:gluten ratio of wheat proteins. The
erdinates for the rcgression curves at common protein levels are in ine
verse osder of the mean protein levels for the regression curves in

Figuie 2. T.c uean lysine (% of protein) values are also in inverse

\1972) lave zopostew an iavesse relationship between percent protein and
iys.ne (v of protein) for a given varioty over environments. This sug-
[0t Lrat preportionally wore gluten proteins are produced by a wheat
VOTICTY 40 2 wiZh g.cteln environment than in a low protein environment.
Yoo invesse ellcet of protean on lysine (% of protein) cannot be attribu-
tea 0 wolferent proporiions of bran and endosperm., Higher protein con-
L3ats dun L0 Snsavelled seeds would result in higher, not lower, lysine
(v of pioiein) valucs beeause the non-endosperm proteins are much higher
1n lysine conicat tuin the endosperm protein.

althouzh yield and kernel weight were negatively correlated with
lysing percent of scmple, the regression analysis indicated that these

faclors aud not have any significant effect on either lysine (% of sample)

or lysane (U of prouein) among wheats within a nursery after accounting

>

¢. une vaslation aitrilutable to percent protein and test weight. Yield
p-ovably iadizcetly unfluences lysine content by its effect on percent
protein and tooe wol

's ¢t al. (1971) have reported that the endosperm contains

(4]
-<
o
..
~
<
¢ >
O
th
e

the protein of *he wheat kernel but only 50% of the lysine.
On tac busis ol these data, percent endosperm of sample would be expected

to influcace tho lysine content of wheat, Test weight and kernel weight
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can both be used as indexes in estimating endosperm percent of a sample

{ wheat. Test weight probably provided a better measure of the percent
endos ser~ of somple than kernel weight for the wheats analyzed and conse-
quently had rose imilucnce on lysine content than kernel weight, particu-
lerly wlon used with protean in a multiple regression analysis. The
Lirole covcelution coefficients and standard partial regression coeffi-
cicuis iruiczic that although test weight, i.e., percent endosperm of
scaple, contrabutes .o the variabilaty among wheats for lysine content,
1ts> Lffcctl s much iuss than that of percent protein.
lysine values to the mean protein content of each
RuTsosy posmals comparisons to be made among wheats differing in protein
codwert. i 15 not possible to make valid comparisons among wheats dif-
.oring in percent pro.ccan for lysine content because of the strong influ-
cace o pooteia on lysane.  Adjustang lysine values to the mean protein
niitenl o tost weight allows valad lysine comparisons to be made among
Wil duS GLooul.as <or Loth protein content and test weight. Because en-
V1106t aslccis tho relationship of protein to lysine, lysine values
for cach. year were adjusted using regression coefficients and means from
the ro,session analysas for that year., Using a common adjustment equa-
tion 1o adjust lysine values of wheats grown in different environments
is statizoically unsound and may result in distorted lysine values for

vhicats 1n some yeor

(4]

Uradjusted lysine (% of sample) and lysine (% of protein) values
wese not cocvelated in 1973 and only slightly correlated in 1972, The
use of lysinc (% of sample) as a selection criterion would produce re-

sults inconsistent with the use of lysine (% of protein) as a selection
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criterion. The use of either lysine (% of sample) or lysiﬂe (% of pro-
tein) adjustea for percent protein and test weight would produce the same
results because, after adjustment, their correlation is r = +,98 and they
both provide tne same rclative measurement of lysine content of wheat
grain. however, adjusted lysine expressed as a percent of protein pro-
vides a more magnified display of lysine difforences among wheats.,

The results of the analysis of variance for the protein and lysine
content of the chech varieties in the 1973 nursery indicate that there
was no significant within nursery environmental variation for these

trarts in 1973, Waitmin-nursery environmental variation also was probably

bt}

not signilicant an 1972 because the nursery did not cover a large land
ared and wrs fortilized and asragated uniformly. Consequently, with?n-
BdToCly eaviiol ental vasiation probably did not contribute significantly
to the Jifferences found for protein and lysine content among wheats
within 2 nursery.

Only 16% o the total variation for percent protein within a nur-
St.y was attiibutcole to varaation in yield, test weight, and kernel
werght. Since the within-nursery onvironmental variation for percent pro-
tein was not significant, within-nursery variation for percent protein
must have been due largely to genotype and genotype x environment inter-
action effects,

Approaimatoly 40% of the variability for lysine (% of protein) and
70% of the variability for lysine (% of sample) within a Yuma nursery could
bo attributed to variation in protein content and test weight. Adjusting
the lysine valucs for protein content and test weight removed this varia-
bility. Within-nurscry variation for adjusted lysine also must have been

lacgely due to genotype and genotype x environment intevaction effects.
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The analysis of variance over years for protein and adjusted lysine
-howed that, even though the effect of years was significant, most of the
variation for protein and lysine content was due to differences among the
lirnes tested. This indicates that significant geneotic differences exist

anong tre wicwes tested for protein and lysine content. Part of the vare

'Y

Lty 2auayg, wacels for protein and lysine content is due probably to

=

tac diffcrent degseee of adaptability of the wheats to the Yuma environ-
nment (genotype a location interaction effects).

The genctic sources for high protein that have been identified to
aate, 1.c., the Atlas 66 materials, are capable of maintaining their pro-
tCin supetv.oraly over ycars and locations (Johnson et al,, 1968, 1969,
1973a, Siroike and Johnson, 1972). The wheats with the highest mean pro-
tein levess 1n the Yuaa World Collection nurseries had protein levels
cquavalent to that of Atlas 66 and they maintained these protein levels
over & two-ycar period. Although testing in different locations may in-
dicate that some of the wheats are high in protein content because of
57CC1LLC 2uwuwdtubilicy to the Yuma environment, it seems reasonable to
dusuae Liat at least sone of the wheats may possess genes for high pro-
tein content o. whcat grain and these may be different from those of
Atlas ¢6. If so, considerable improvement in the protein content of
wneat can be capecteu to be made by wheat breeders.,

Tas wieals with the highest adjusted lysine values also maintained
their saperiority over the two years of the test. The wheats with the
highest adjusted lysine values were two LSD values highor in lysine con-
teat than the wicats with the lowest adjusted lysine values, This

stronzly .uggests that whoat breocders should be able to use these lines
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foo .proving the lysine content of wheat. These wheats are diverse in
vea,.. and thoy may contain differont genes for high lysine. In that

case, a1’ lyoine X high lysine crosses should result in transgressive
w05 Laet have higher lysine content than either parent. Johnson

€T ... {-.730) have rcported evidence of transgressive segregation for

2 lyc.ne offcct is due to an alteration of the albumin-
pevwddlingiuten Tweios, o0aly small numbors of genes may be involved.

S L« ax2h lyuine offoct 1s due to the gluten proteins having

o
P
-~
[
L3
-
M

O™v Lyulle JSevoewS Thaa n0acl, then many genes would be involved, each
veder g & WSS S .es Cailoct.  3oth situations probably exist. Because

BT eet 3o o Oefegsuad 23 35 deubtful that single genes difference for
s,9a08 CLLLLAL Canol wb uR Corn (Mortz ct al., 1964), sorghum (Singh and
iateal, 1073}, wiad Losley (vuach cc al., 1970).

Tev CCLTLIL.0a OF a acmozygous line with itself provides a mea-
ow-8 01 wuv legcziibilidy of a trait such as protein content. The corre-
ewraliio WV Juwss L0 pescent protein were fairly high considering the
vesuil cudealb . wuv Culh 22Vo On protein content.

CoTuvaueata cudilicicats for unadjusted lysine (% of protein) are
iCuvd wien Jus lysane (v ou protein) adjusted for percent protein. Ad-
Jedvad) JO08 LudsCeas protein cunoved some of the environmental variation

-

wididean oy3.72 (o 00 piotein). Adjusting lysine (% of sample) values

(XN

v fedtur v giuliln weleciuod tho corrclation over years, After adjust-
VoAb w00 pesecnt pooiean, lysino (% of sample) correlations over years

Gev 00 viv b o agnloude 2o tho correlation for adjusted lysine (% of

po0tean). wysine (v of sanple) moasuros both lysine (% of protein) and
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percent protein. Adjusting lysine (% of sample) values removed the
effeet of protesn and provided a more valid estimate of the lysine cone
teat of the siu ple that was aindependent of percent protein and this
calscd thc reduction in the correlation over years.

T cocscliation coefficients for lysine adjusted for percent

Leu Qo0 Caunes Slaghily lower or of the same size as the correlation

e

DL
Covidicocaly oves yeurs for poercent protein. This indicates that the
cidvet of cavi.caacnt on adjusted lysine is as large or slightly larger
thall 1es oltloct on protein, Heritability values for adjusted lysine,
Wiwad be ¢ cCivu to Do at most as large as for percent protein. The
Geateic seudics of Dzchl (1974) and Kuhr (1974) support this contention.
G.s Tewwlls sacw tnat for seven differont crosses the heritability of
adjusted lysane (S of protcan) was almost as high as for percent protein.
Tre courclations ovor years for test weight and kernel weight were
vesy high wndacating that they are nighly heritable traits. The herita-

bility o.ti..cws of Gaadera and Everson (1971a) for test weight and Sun

-~
[ ]
L]

1. (1972) for .exnel woaght wero high., The low correlation obtained

l
l

i eTew sl woiveln heocncl weaght and tost weight indicates that these
LoLLls Wi lulgely aadepeadent of each other. Ghaderi and Everson (1971d)
0L.&iniC wou uaceic correlation between these traits. A low genetic core
+€22L-CR bUThuvd LhSsce traits would be expected because density is the
cas/ fuctor Jhey hove an common.

“ho corrulat.on over yoars for lysine adjusted for percent protein
and test weiglt were lower than the unadjustod lysine values. Both
» 0 wople) and lysine (% of protein) are influenced by test

welgat, Tost welght in tho Yuma environment was highly heritable.
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Removal of the lysine variation due to this heritable trait would
be ¢ -.cted to lower the correlation coefficient between years and this
15 waat hoppencd.  Adjusting for test weight did not remove all of the
lveune varicbilaty among wheats duo to different percentages of endosperm
teculse the utilily of test weight as an index for estimating percent of
. -933.77% vasies wilh wheats. Because most wheat-eating societies eat
w¢ €RCOIReTA poction of the kernol, protein and lysine analysis of endo=
Lpeli frTaCtions should be tested to determine the relationship between
widle heruel and endosperm protein and lysine content.

The »1z2 and similaraty of the correlations over years for protein
aad lysine awjusted for percent protein suggest that the rank relationship
&.in, the vwaents in the World Vheat Collection analyses are similar to
the sona wolatzoaship of the same wheats grown at Yuma over a two year
»rsred. Eraoination of Tables 16 and 17 show that with a few exoeptions

&

a2t hed high and low protein and adjusted lysine values in

(o)
[
c?

- -
Ciew haw

to. Yuo Tasteesaes Tinled an the top and bottom one-third respectively in
v ovice Colivetion cnalysos, Because of the large effecttof protein on

+

e wotew et (Lo protein), there is no similarity in the rank
sviuli0isaiy OF the unedjusted lysine (% of protein) values of the Yuma
TuSLeTICS wWith thoso of the World Collection analyses. Unadjusted lysine
values are not usuable as a selection criteria for identifying high lysine
WhRle v ue

Mo.t of the wheats that had high protein and adjusted lysine
values an tho World Wneat Collection analysis were not included in this

stui/. Tho Lavorable comparison of protein and adjusted lysine values of

tho wacuts grown at Yuma with the protein and adjusted lysine values of
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e same wheats in the World Collection analysis indicates that wheat
Lrocders caa use the results of the World Collection analyses with
rooscnoble assurance of selecting at least some lines genetically
swoeitor Jor pooteln content and for lysine content if adjusted lysine
values are used, However, some of the high lysine lines may be high in
L/5inC uuc 1o low tost weights.

ceveral hundred of the wheats that had high protein and adjusted
lysane Velues in the Worsld Wheat Collection analyses which were not in-
¢ twod 1 thi. study snould be regrown to specifically identify those
Wicues taat a.c genotically superior for protein and lysine content and
to olirineuc those that are not before they are used in any breeders
vrogrwi.  Tae hugh protcin and high lysine lanes of the Yuma tests should
sa32ly w.cat brecders with usable germ plasm for improving the nutritive

quelaty of wheat.
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SUMMARY

Tne analysis of the 12,000 common wheats of the USDA World Wheat
Co.lcection indicated sign:ficant differences among wheats for grain pro-
tein and iysiie coatent {Vogel et al., 1973). Lysine is the limiting
& 270 ac.d in waeat protexn. Much of the variation for protein and
lysing ¢oi.ent was non-genctic in origin-since the wheats analyzed were
rot als grova during the same year.

Iz order to test the validity of the World Wheat Collection re-
Sw..t. &nd o duvelop selection criteria to use in selecting high protein
nd lysane lines in a breeding program, over 600 wheats were selected
fren tae Lorld haeat Collection which represented the range of protein
ahL lYsire tnat c.asted zmong the common wheats. These wheats were
g moal Ywae, Arczena an 1972 and 1973. The Yuma nursery was used
Jedeuwse u.o1ng aid wonter wheats could be grown in the same nursery.

2rolein content was slightly influenced by yield, test weight,
&4 1000-hernel weaght. In a multiple regression analysis only 10%

6l tue vocul variaiion for percent protein could be attributed to those
fuceora.  The moan proteun content of the 1972 nursery was higher than
L Tewd DTOLcLn conuent of the 1973 nursery., Although the effect of

+=3 S1fGss.cnit, oot of the variation in percent protein was due
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enetic aifiescaces among the wheats tested, The wheats with the
FelAesT Teia provolin perceatages were five percentage points higher in
TOLC.n Tai e low pooiuin wheats., Wheats that should be useful to
.eneeie sources for high protein were identified,

Lysine c4presscd as a percent of sample was positively correlated
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to perc.nt protein but lysine expressed as a percent of protein was
an.atively corselated to percent protein. Solection for lysine using
Joth crate..a would produce conflicting results.

Rusu.ts cf other rosoarchers indicate that the complex relation-
Laln between lvoure and nrotein is due to high protein wheats having

[ ™

otlieu? Duduolls valach afe low 1n lysine than low protein wheats.
I.order 104 - o Velud lysine comparisons among wheats differing in
L.Clean coneent, lysine values were adjusted to nursery mean protein

procedurcs. Aftor adjustment for percent pro-
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lysine (% of sample) and lysine (% of protein)
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thaet Loth adjusted lysine values provide the same

1
“
TelaliVe ToasUse of lys.ac content of wheat protein,

-,

iest weigat hud sone influence on lysine content. This is due to
L.en pootains bezag nueh raclers in lysine than endosperm proteins.
Vicla chw eonel weagae had no signaificant effect on lysine content

Zavls GCCOWATLNY

101 the c¢ffcct of protein and test weight. Lysine
s2ltew Wit adjunccd {or percent protein and test weight and compared
OVLS Yldews wuc. 0f the variation for adjusted lysine was due to genetic
cillescaces cuong the lines tosted. Results indicate that significant
Senetic dodiesiases eaast among wheats that are independent of percent
2.00LAn Liad Wiue VieLpat.  Coapavison of the results of the Yuma

Auawllacas Wala Tac wcoults of the World Wheat Collection analyses

fndicutle tuatl uluoced lysinoe values are a useful selection criteria

bul unadjusted lysine values are not,
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son II. Protein and Lysiac Content of Whole Grain, Endosperm, and

oran of Triticun aestivum L. em,Thell Lines Differing in

Protean and Lysine Content,

INTRODUCTION

kLt bran aad germ are higher in protein and lysine content than
iov eaddoopern (eeMasters, iinton, and Bradbury, 1971), Variability for
2iSoeein wd lysance conitcat among wheats could be due to some wheats

B Wa, w J.Chels poopoiiion of bran an thear seed than other wheats.

a2 2Cwults 0 Loctzon I of this study, '"Re-cvaluation of Common Wheats
vo Tiw Lo2a worsia 7 cal Collectioa for Protein and Lysine Content', show
e we beol Bl e sussnlaCes al lysine content of whole grain samples.,

T oev luwaCunio ewl Vasaibilaty for percent endosperm does contribute
O dYodhio Veoliuvalley aoong wacats,

"2y wocali.co cal oaly the cndosperm of wheat. It is necessary
to wLlildiiane .. aySune variabality among wheats is due to variation in
v @ Ouitl 07 LawGspern or to variation in the lysine content of the
CIOEJusm, 100t o the osecding and genetic research involving the
Deotean Qrd lyzoane conteat of wheat has been done using whole grain
ou PiCo.  Lu .eiuz0nu of the protein and lysine content of whole grain
WG Iheuoles sauples would determine the validity of this practice.
Weeweo ginctiCelly suposior in endosperm protein and lysine content

would Lo root usslul to wheat breeders in improving the nutritive quality

-
CL Vvinlav.,
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hivat cndosperm 15 separated commercially from the bran and germ
vv mallanp, Jaste flour is finely ground endosperm. It is impossible to
cotain a conplete scpacation of the ondosperm from the bran by milling
wie to the wratomical structure of the wheat kernel. It is also diffi-
cult «O 0btu.d a uaslowm scpacation of bran and endosperm by milling in
talels Vasviny 1n Luruness cespecially where small lots of seed are in-
volves.  laaeoio varyang in kernel hardness mill differently. Hard wheats
Lsuilly Lwve hagher raslaing yiclds than soft wheats.

Uazoomw Sepacction of bran and endosperm is essential for endo-
2 Juvtean ood lysire wnalyses.  The outer portion of wheat endosperm
-1 43 protern than tic interior of the kernel (McDermott and
Pice, s.ud,  2r. i ownd lysaae variation in flour milled from different
Wive L3 CCald bo Cue to willcsences in milling and not to differences
Guong Wieads Jov sooterin ond lysine content of endosperm,

Ves2tae  Culdds cun oo used to separate the endosperm from the
bren (M weeselss £t 1., 1971). All have some disadvantages. The most
pietiud ©oldwe &5 1o nzaually dissect the wheat kernel. This is extreme-
«V Leu.0u5 Ghe Ons/ Sueil lcts of seed can be analyzed in any reasonable
PIT.02 vu 7e. Vue dwthod uscd in this study is a modified milling
pfoevtere,  Aleus walliag, the endosperm remnants adhering to the bran
Wb Je OVew W) wewdun wWita a 80:20 (v/v) ethanol:acetone solution, dried,
«id Luwcd To wue fall Jlour to reconstitute the endosperm,

Laduopeaa cad Lraa saiples of wheats differing in whole grain pro-
tein and lysine content were analyzed for protein and lysine. The wheats
studied wese Lo the USDA VYorld VWheat Collection and the parents and

Projenices o tusee crosses of high protein and/or high lysine lines.
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“ue purpose of this study was to identify the within-kernel site of pro-
teln ar. ly.ine variation among wheats and to determine if the protein

- lvoine content of wheat grain and endosperm can be improved by

- -
J.wsu‘u“o
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LITERATURE REVIEW

The structurc and composition of the wheat kexrnel has been studied
exter wvely and the literature on the subject is voluminous. Comprehen-
51ve reviews are avaslable., The most recent is by MacMasters, Hinton,
ead Bradoury. Bradbury et al. (1956a, b, ¢, d) made an extensive study
of the anatovy of tac wheat kernel. The wheat kernel is botanically
classificd as a caryopsis. The fruit coat or pericarp of the wheat cary-
0p515 suwrroands tac seed. The sced consists of the endosperm and embryo
or GeXi. waath are cnclosed by the nucellar epidermis and seed coat. The
crdosperi cons1sts of the aleurone layer and the star:zhy endosperm. The
Llusyoiae wals aad tno scuttelum (cotelydon) comprise the embryo. The
oruan of tne flour miller consists of the pericarp, seed coat, nucellar
¢prde.“1s, and tiie alcurone layer. The aleurone layer in wheat is one
c.ll thzeh. Some starchy cndosperm tissue adhires to the aleurone layer
and forns puait o the mill bran. Germ forms part of the bran in the
initial malling steps but is usually separated from the bran in later
steps of covaercial milling operations (Kent, 1966a; Ziegler and Greer,
i971),

M1ls2h7 applies a crushing and tearing stress to the wheat kernel

telcgler and Giees, 1971). The bran (including the aleurone layer), be-

",

Céust 0T 115 TOu,aness and resiliancy, largely withstands the crushing
and sheariny woice of the milling rolls. Because of its friability, the
cndospera 15 sacared avay from the bran and crushed. The germ is also
rore tough than the cndosperm and is flattened by the milling rolls

Smanson, 1908, Zicgler and Greer, 1971), Bran and germ flakes are
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reroved from tuc crushed endosperm by sifting,

There 15 no natural cleavage line botween the aleurone layer and
the starchy cadospern (MacMasters et al., 1971). The amount of starchy
~nmOSpern 1emo/ed with the bran in the milling process depends upon the
{naavlisty of tne endosperm. The endosperm of hard wheats is more
brattle aad u4css oosiliant than the endosperm of soft wheats., More endo-
s7¢ 15 sheared away from the bran of hard wheats than soft wheats,
T.ere arc natusll lunes of cleavage between the gera and starchy endo-
sperim aad goon ana bran (MacMasters, et al., 1971). The germ breaks away
C-vih.y J.07 the cadesperm in milling., Particles of germ may break off
&rd be maned .nto the {lour by the milling process (Kent, 1966a).

Various nothcds have been used to separate the structural parts of
the wieat hernel fos chemical analyses. They include manual dissection
of tne untscated aernel, dissection after the kernel has been soaked in
wetes, L o/l o unventod parts by insect feeding, and by a combination
00 retheazezl cud chcnical treatment of whole kernels and mill products
(hactlastess ¢t f1., 1971), For methods other than manual dissection,
tidl¢ .5 scre waavoscable contamination of one structural part with
weooics.  For . cithuds anvolving chemical rcagents there is also some
Llecawizod oo taw chemical composition. It is possible to analyze more

ots of sced with non-dissection methods, thus re=
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eroos, The rosults obtained depend on the method
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Lutd, e veTictices exananed, and the environmental conditions under
which tacy wewe growa. Reasonable agrecment does exist among the
publushed data,

Tao rceported range values for nercont of kernel contributed bv the
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main hernel componecnts on hand-dissected samples are: bran (including
aleurone layeir), 10.4 to 21.4%, starchy endosperm, 74.9 to 86.5%, and
germ, 2.5 to 3.3% (Hinton, 1953, 1959; MacMasters et al., 1971; Farrand
and Hinton, 1974). The aleurone layer comprises slightly less than S0%

of the ¢ n. Tae results of the non-dissection methods are similar

(4}

€

MacMasters ¢ al., 1971). Median range values would be: bran 13 to
175, endosperm 73 to 84%, and germ 2.5 to 3.5%.
Part o. the variation in bran and endosperm percent can be attribu-
ted To diflerences among wheats in the thickness of the bran layers.
Bates (1943) Jound dafferences among hard red winter wheat varieties grown

in tav 3ooe nescery for bran layer thickness. He also reported that the

creent o the cross-scctional arca of wheat kernels occupied by the

d

STaleny cndozper, varaed with variety. The cross-sectional area occupied
oy starchy wnwos.erm was 77,5% for the variety 'Tenmarq' and 69.9% for
tae variety 'wlackhall', Tenmarq had large kernels and thin bran while
blackroll had saall hernels and thick bran. Larkin et al. (1951) report-
¢4 s. nilicant duflerences among Pacific Northwest wheat varieties for
aleurene lwyes hachness. Differences in pericarp layer thickness were
not as apperceat. Crewe and Jones (1951), however, found no difference in
mean bran chichness in nine wheats which represented a variety of kernel
types.

Alcuronc cclls within the wheat kernel vary in thickness and the
inner surfuce of the alcurone can be irregular. This irregularity may
contribuic to the difficulty of obtaining clean separation of the starchy
cadospera £.om the bran by milling (MacMasters, et al., 1971; Crewe and,

Juias, 1951). Variation also exists among wheats in the thickness of the
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alewroac cell walls and the amount of space occupied by the alourone cell
contents (Cobb, 1905). Cobb (1905) reported that the amount of space
occupied by the alcurone cell contents varied from about 55 to 78% of the
crea of a .adial scction among 50 Australian wheat varieties, This vari-
atzon in aleurone cell space does not effect the proportion of the kernel
th.t .5 bran bat 1t probably contributes to differences among wheats in
the cnemicel cenposition of wheat bran.

Tac percentage of endosperm of wheats is influenced by the environ-
nent in waich they are grown. Evidence for this is based on milling

yields, test weizht, and hernel weights of wheats grown in different en-

[ &3

vironnents. Literaturc pertaining to the relationship of endosperm per-
ceat ol sa7yle and milling yield, test weight, and kernel weight is dis-

cu.sed .n Scetion I of thas study. Some of the environmental factors

Jevbente o7 &bscace of diseases, lodging, variation in available moisture,
tie tine period between the formatien and ripening of the kernels, and
tie tomperiouse during ripenang (Leonard and Martin, 1963)., Although
heonel ver he and test weight of a wheat variety are influenced by en-
vironn.nt, wacat varioties do differ genetically for kernel size (Ausemus,
heNeal, and Schmade, 1967) and, thus, also for percent endosperm.

Vi¢ protein and lysine content of the bran and germ are higher in
Lotn procean and lysine content than the endosperm. This has been
cstablished vy protoin and lysine analysis of the products of milling
and by analyscs of dissected samples.

Tue protein and lysine content of the mill products of the major

comnercial ciasses of wheat grown in the United States are reported in
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tne Millfeed Manual (1967). The ranges in protein percentages are:
vho.e wheat 9.2 to 13.8%, bran 13.3 to 16.9%, germ 23.9 to 27,0%, and
wite flour 8.35 to 12.65%. The reported range values for lysine (% of
protein) are: whole wheat, 2.25 to 3.17%, bran, 3.55 to 4.44%; germ,
5.37 to 7.49., and llour, 1.63 to 2.29%. Bran and germ protein percent-
A,-5 wire calculatea as SN x 6.25; wheat and flour protein percentages
were cazcalaced as ON x 5.7, The extraction rate for the wheats studied
saagea f10a 72,05 to 77,0%. Similar results have been Teported elsewhere
(Sa.goitea, Mother, and Stone, 1946; Waggle et al., 1967) for the pro-
tean and lysine content of the bran and germ. White flour is lower in
protein a.d lysine content than the wheat from which it was milled,
Hepwusn, Culaoun and Bradley (1960) have reported that there is
less lysine, glycinc, aiginine, alanine, and aspartic acid in flour pro-
tein but nose 1n the millfecd protein than in whole wheat protein, There
15 @mose glutuurc acid, proline, and phenylalanine in flour protein but
iess 1a the mi.lzocd protein than in wheat protein, Pomeranz, Finney,
and Boceacy (1.C0) and Hepburn, Lewis, and Elvehjem (1957) reported
Simiie= resuals.  These results can be easily explained if the endosperm
«id noa-cruospesn portions of the wheat kernel contain different proteins
or dirflt.ene progortions of the same proteins. Teller and Teller (1932)
heve s.aoan ilat chero dre relatavely more albumins, globulins, and
piuteniis in ora. then in flour, Gliaden nitrogen often comprises half
of tne totas witrogen in the cndosp;rm, but, in the bran, it is not more
than one-cuzhih of the total nitrogen (Teller and Teller, 1932). Albumins
and globulins are nigher in lysine content than the gliadens and gluten-

in, (Surmenes, 1962, Mattern, Salem, and Volkmer, 1968)., Gliadens have
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sowes lysine cortents than the other wheat proteins,

Farrand ana Hinton (1974) hand dissected two varieties of wheat
nd deter-ired the nitrogen content of each component. The ranges in
Teololl cCoeent (WN 2 5.7) for the kernel components were: embryo, 33.2
20 Sw.c., oouttlelur, 27.4 to 28.9%; pericarp-testa, 4,7 to 6.2%; aleurone
luyer, 0.1 to 25.5%, starchy endosperm, 7.1 to 11.8%. The range values
To. "llio,oil Lapsesidea as percent of total nitrogen in grain were:
«-28Y0, 5.0 to 4.0%; scuttlelum, 3.7 to 4.7%; peiricarp-testa, 3.1 to 4.2%;
watlLiOne soyer, 40.2 to 13.9%; and starchy endosperm 72.6 to 79.2%.
«wET15, Alcaander, and Pascoe (1946) have reported similar results for
the protelr content of bran and endosperm. The protein values for germ
S 0es Ly ssesis (T oul. (1946) ranged from 24.3 to 26.8%. The above
“Lei005 uwid not cetermine the lysine content of the dissected kernel
€l 3usnils,

nwinel couponenc lysane values from hand-dissected samples are not

«¥eileule.,  Scevens, McDermott, and Pace (1963) isolated aleurone cell
COLISNTS U520 tul tcechniques of air classification and differential cen-
Lo.sulLtlOw un acn-acqueous media. The isolated material had 5.45%
fe-av,vn (31,00 protein) and 5.0% lysine expressed as a percent of nitro-
Svhe  Waose values arc peobably high because only the aleurone cell cone
tents cad not the catire cells were analyzed., These results and the
Valoss 00 the aissceced samples indicate that the high protein and lysine
cortent of wheat bran (excluding the germ) is due to the high protein and
iysine content of the alcurone layer. MacMasters et al. (1971) have

¢Seacted that cbout 50% of the total lysine in the wheat kernel is

lecatcd 1n the starchy cadosperm and about 30% is located in the aleurone
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Theie 15 a protein gradient in the endosperm of wheat. The outer
portions of tuc cndosperm are higher in protein content than the interior
of the herncl. This has been demonstrated by researchers using a variety
of ruilods, Tesrand and Hinton (1974) peripherally dissected the endo-
spelin 0f two varicties of wheat. The outer layers were significantly
a1sacs 1n proevin Jhan tae inner layers. Farrand and Hinton (1974) re-
portca what the protein gradient between the inner and outer endosperm
was> COTJtudtcu Watn the peotein content of the wheat. The higher the

.
nrote

e

2 centent of the wheat, the stecper was the gradient. McDermott
wiw Pace (1960), Morrais ct al. (1946, 1945) have obtained similar results
us.ns d.sseect.on poocccures. Normand, Hogan, and Diebold (1965) using

a too,unliwl aboasion process showed that the protein content of the
ordovnoers decreased as the outer layers were ground off. Pomeranz and
shelicioeages (1661) used histochemical methods to map the distribution
of proccin vichin the vheat kerncl. The outer endosperm portions showed
a hizacr ¢/e-Danding capacity, indicataing a higher protein content than
the imes noscions of the kernel. In flour milling, the protein content
dsweily incrcascs Jroa tae first to the last break flour reflecting the
protein Jraazcat wvathin the cendosperm (Ziegler and Greer, 1971).

Sirce lysznc 1s a component of protein, it would be expected that
there .u 2ao0 2 lysince gradient within the wheat endosperm. McDermott
ana Poec (1wl0) used a micro drilling technique to obtain samples of
vitreous, intesacdiate, and mealy endosperm from single grains of the
.ano wheat varicty, 'Hybrid 46'. Mealy portions were located in the
wnter.or ol the hernols and vitrecous portions in the exterior of the

herncls,  The vatrcous cndosperm had the lowest lysine content while the
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me-ly cndosperm had the highest lysine content expressed as a percent of
pret.ar. Lrcospera intermediate in hardness was intermediate in protein
rsine content.  These results indicate that the gradient for lysine
(v of protiin) 15 opposite that of percent protein.

St. leeroae caaosperm or peripheral endosperm cells are a single

-9t €J tesus just inside the aleurone layer (MacMasters et al., 1971),
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&« the lysane (% of protein) content was 1.59%. The protein content of
¢uii rarticles from the inner endosperm was 9.5% and the lysine (% of
sotern) co~tent was 2,51%. Although whole cells were not analyzed,
Liese fesaniTo suggest that the proteins in the extreme exterior of wheat
Low0Zpi. cre lower in lysine content than the proteins in the interior
¢. the cncospern,

Fulcaers, O'Braen, and Simmonds, (1972) used the Sakaguchi reaction
to wop tac diseiribution of proteins rich in arginine in the seeds of

ad other cercals. In the wheat, the protein bodies of the aleurone
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levers, sewte.lar pacenchma, and scutellar epithelium were intensely

teanil Oy trne Sahdguchi reaction. Wheat endosperm was largely unstained
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few distinct regions intensely stained by the Sakaguchi
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sarticularly an the subaleurone layer. The inclusions in the
subalcarons cells that stained intensely for arginine resembled small
protein ocdics or were thin strands of material resembling the endo-
plecire retraculua an appearance.  Large areas of the subaleurons cells

were not stained by Sahaguchi reaction.
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The proteins of wheat that are high in arginine content are also
hi_,1 in lysine content. These are the albumins and globulins (Simmonds,
1062, Mattemn ct al., 1968). The protein bodies of the aleurone layer,
scutcellunm, cnd the inclusions of the subaleurone layer that are intensely
szaincd by wuc Schaguchi reaction probably consist mostly of albumin and
siobulin m.otcins. Teller and Teller (1932) have demonstrated that bran
JfGweins are hijher in albumins and globulins than endosperm proteins.

|5 .nclu..c.s 1n the subaleurone cells that stain positively for arginine
also ase nicoebly high in lysine content.

.o ct al. (1953) reported a higher protein and lysine (% of
sarnie) content in an £4.0% exiraction flour than in a 71.5% extraction
rouLs.  aoth [lours were milled from the same sample of wheat. Although
Lo wcpofeed, lys.ne (5 of protein) values can be computed using the pro-
tewd wau ivsine (v of sanple) values of Horn et al. (1958). Lysine (% of
proteda) velues are higher for the 84.9% than for the 71.5% extraction
f1ous.  Tac.. cesults indicate that either the outer portions of the
.tavchy cndosperm contain proteins higher in lysine content than the
pooteins found in the inierior of the kernel or that the 84.9% extraction
Clour coatuins soau bran. Ziegler and Greer (1971) state that if the
r.our yield cacceds 80% in ordinary milling, that the flour contains
su.. nen-cndosperm particles.

The eofo.. of protein content on the lysine content of wheats and
flouss a1ffcriaz 1n protein content is discussed in Section I. In brief,
lysanc (% o sc-ple) 15 positively correlated and lysine (% of protein)
15 negutively corcelatcd with percent protein., The results of MacDermott

and Pace (1900) and Kent and Evers (1969) indicate that this relationship



75

150 ex:sts within the endosperm of a hernel of wheat. The results of
celeler et al, (1972) and Horn et al. (1958), however, suggest that the
swoaleurone cells may contain proteins high in lysine content.

So ¢ of tac mechunical and chemical methods that have been used to
5CP24all wrfe 2volace components of the wheat kernel have been mentioned
L0t wsw Zvers, 1969, Stevens et al., 1963). Shetlar et al. (1947) used
peiher.cul wiu cheaical treatrients to separate the bran layers of wheat.

¢ “uireces, taeir methods are simalar to the method used in this

.

~
-
seliay as

ov recsoved the epidermis by suspending the wheat in water and
2T.l..s 3 Wit o oblonder. The dried peeled wheat was soaked in a 95%

cu'orol celution nearly satucated with sodium hydroxide. After soaking,

Lle suepseralart ioquid was poured off. The testa layer was then removed
Sy sTii.ir] wne gr2in an a 95% ethanol solution with a blender. The

WIS TS Wacoe Las éried aad then milled to obtain samples of endosperm
ard aliarcre I.,cr. No attempt was made to remove the endosperm adhdring
to tac alcurone layer. Instead, corrections were made to the results of
tie caciical znalyses of the aleurone layer based upon its starch content.
“ae reihod used in this study to separate endosperm from mill bran
imeived washang bran with a 80:20 (v/v) ethanol:acetone solution. Wheat
oeanbos @ie the only wieat proteins that are soluble in strong alcohol
SC.ucicas (Osborme, 1907). Gliadens dassolve in dilute alcohol solutions.
Tineas Lolubilily in alcohol solutions increases with increasing concentra-
tion ol a.cohiol uatil a manimum solubility is reached at about 70%
cleolol, vava solub.ility accrcases (Osborne, 1907). Wheat gliaden is

w.olly ansoluble in absolute ethanol.

Lipoproteins are present in small amounts in wheat flour and they
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.ro soluble in acetone. The amount of ether-extractable lipoproteins in
floar oi worvon wheats ranges from 20 to 78 mg per 100 g of flour (Mecham,
1571). The linid content of mill bran ranges from 3.1 to 6.25% depending
on tue solvest uscd (HecMasters et al., 1971), Mill bran contains six
percent acetowe catsactaole lipids (MacMasters et al., 1971).

Polunes o.d progenses of three crosses were analyzed in this study.
The Lzosses weie 'Wap Hal' x 'Atlas 66', 'Nap Hal' x 'CI 13449', and 'Nap
Lal' & 'CLLIYT ¢156'., Nap Hal, PI 176217, is a soft red wheat of spring
tvoe It 1s on old Indian variety that was first identified as a high
Proiuin whicut by Watson ct al. (1966) and as a high lysine line by
Jotuoua, Mittein ond Schmidt (1971). Atlas 66, CI 12561, is a high pro-
tein so.t red wintes wheat that was developed at North Carolina State
Lravessoty winfe 1t was first identified as a high protein line (Middle-
10, »Oue, ard Bayles, 1954). It has been used extensively in breeding
pevodew wo & fugh protein parent (see Literature Review in Section I).
CI lo4+D nud the lLagnhost adjusted lysine value of any wheat in the USDA
werid vacet Collection (Vogel ct al., 1973). It is a low protein, soft
wiite ooar=C.ari wncae selected from a Norin 10-Brevor x Brevar sib cross
(Johason wnd twetvera, 12722). CIMMYT 8156 is a semi-dwarf red spring
Vo v&i 400 ohe COMNYT program in Mexico. It is neither a high protein
or h.gh lyoine line., It was crossed with Nap Hal because of superior
8[1010m.C TTulub,.

Wholc grain protein and lysine content of the parents and progenies
of tac cross Nep Hal x Atlas €6 have been reported (Johnson et al., 1972a,
¢, 19750). ¥, proginy bulk rows were grown in the F3z and Fgq generation

at Yu.o, Acdzona in 1971 and 1972 respectively. Significant transgressive
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S.iTegation existed for both low and high protein which was attributed to
welfelent genes In Nap Hal and Atlas 66 for high protein. The Nap Hal x
eTy segregated for lysine (% of protein) but there was no
«vldencs ol lronsicseive segregation.  The progeny population mean in
€2l yeur &op.ovumated he mid-parent value. Some of the progeny bulk
Jens were equal 0 hap [al in lysine content.

G.o.n protezn and lysine (% of protein) values for the parents and
"2 paCZCRY Dus. 10ws of the Nap Hal x CI 13449 cross have also been re-
sormtee ([Ceomsas v nl., 1973b).  F, progeny bulk rows were grown in the
F3 Jen-lal.oa ot Yuma, Arizona in 1972, Nap Hal had means of 20.2% pro-
3% zajusted lysine (% of protein). CI 13449 had means of
15.5, protoin and 3.35% adjusted lysine (% of protein). The progeny bulk
. . %ew-202 1oz for percent protein was 16.7% which suggest partial domi-
Dw.CC JOr l0. pSuteln. ho peogeny row had a protein value greater than
t « Aip hal acon protein percent. Eleven percent of the progeny bulk
+CVu a2l 2e,uoeed lysine levels outside the parent range indicating trans-
oTewiiVe scpre, .c10n for lysine (% of protein). The Fo progeny bulk
FUTe.Leict ween Jor adjusted lysine (% of protein) approximated the mid-

ne  wmn -1
:;A..uhﬁ. Viaidl.
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MATERIALS AND METHODS

Materials

The wheats used in this study were grown at the University of
A.1z0ma C. €11 wntal station at Yuma, Arizona in the 1972-1973 (1973
nursery) gociiag scason. The World Collection wheats analyzed were the
meelo a1 U1o 12075 Vorld Whcat Collection Special Study nursery that were
(A w.vlur wo tep or botiom 30 for percent protein, lysine (% of protein),
svsane (W of wivteia) adjusted for percent protein, or for lysine (% of
pretu.l) wdiasced for percent protein and test weight. Some of the
wacats vUsL 1a Tore than onc of these categories. Including the check
(itolew, 150 ow ples were analyzed for whole grain, starchy endosperm,
;-4 wsui protein and lysinc content. There were six check varieties
replicared fou. times. The 1973 World Wheat Collection Special Study
rursery 1, duseribud in detail in Section I.

llewds wexe selectcd from Nap Hal x Atlas 66 F, progeny bulk rows
giow 1n e Fy geacration and from Nap Hal x CI 13449 and Nap Hal x
CRINT ouS0 T, progony bulk rows grown in the F; generation at Yuma,
Arizona . 1972, Heads were selected at random from the bulk rows. Seed
f.om the suiccted heads was planted in 1.37m (4.5 ft) rows spaced Slcm
{20 1.) .jart in the 1973 Yuma head row nursery. Head rows from a pro-
StBY blaa weie pilunced 1n the same block. Parents and the check variety
"Ceatur~!' Wure plunted at the ends of each block of rows. The head row
wuSueTy was Jervil:zed with 112.1 kg/hl (1001b/A) of nitrogen and was
arrigated,

Head rows were selected for harvest on the basis of agronomic type
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wiw the protein and lysine content of their paront F, progeny bulk row in
LA orevicas year.,  Selected head rows were cut by hand and threshed us-
-8 3 Vo ll-tyme plot thresher. Whole grain protein and lysine content
noe oeetedaned oa all the harvested TOWS.

1PeLes Thatl represcated the range of grain protein and lysine
Vieeleew Ca.oTing aueng the head rows for a particular cross were selected

+0. ¢rde o Lad wran protein and lysine analyses. Ninety-four rows

A
I3

<
4

P

BeTC seaccted fron tac Nap Hal/Atlas 66 population, including three rows
v-c 0. tue parent and chech varicties. Sixty-four rows were selected
S107 e Nap al/CI 15449 population and 18 from the Nap Hal/CIMMYT 8156
DCPwliilon.  Two rows cach of the parent and check varieties were in-
CiliLed 1M tre lacter Jcoups.  CI 13449 rows in the head row nursery con-
Twaficd @ minture of vacats due to accidental contamination of the seed
source used for plunting. These rows were not analyzed. CI 13449 seed
IT0R WwLother piot in the 1973 Yuma nursery was used instead,

Lerge field plots of Atlas 66, Nap Hal, Centurk, and Bezostayia
hETC g.owa 2y Ywaa 1n 1973 for nutrition studies, Large lots of these
¥ocats were malled on the Kansas State University pilot mill, Centurk
ard Lezostayia were milled at a 70% extraction rate. The soft wheats,
Atlus 66 and Nap hal, did not yield 70% white flour. The millfeeds, ex-
Cilaiay the mill bran, of Nap Hal and Atlas 66 were pin milled. Flour
£con the pan milled sanples was added to the mill flour ip sufficient
wewlllly Lo obtain 70% extraction flour samples for these wheats. Grain
70% extractien {louw, and mill bran protein and lysine data for Atlas 66,

Nep hal, Centurh, and Bezostayia and samples of their mill bran were

cotaincd frem Professor P, J. Mattern for use in this study,
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Methods

Laborstory Procedures

A rolilicd milling procedure was used in this study to obtain
endosnc. i sanplus  Average moisture content of the whole grain samples
wa. Goteroined.,  Twenty gram samples of wheat were then tempered to 14.5%
0 2+ act.s berore m:lling. The tempered wheat samples were milled on

Lo Lefwes Cued.aplex eaperimental mall, This mill and its operation

4

-

1y Jeseribed oy Shellenberger and Ward (1967). The sifter on the mill
Vs Tu"OVed. DBran cud ground endosperm were collected in the same tray.
The 0aont was then siited from the mill flour by sifting for 90 seconds

haler using standard sieves.

[ 23

04 4 neshaical
n U.5. Stunde.d Testing Sieve No. 35 was used to sift bran from
riour Jos the hewd row sanples and a No. 50 sieve was used for the World
haeet Collection sawples. Mesh openings for the No. 35 and No. 50 sieves
«re S00 and 207 nicrois respectively. The head row samples were pro-
cesuod forot.,  Tuere was a small amount of bran contamination in the
flours ol the rard wheats, Centurk and CIMMYT 8156, after sifting with
the Moo 55 sacve. Tre other head row samples were relatively soft wheats

“

.22 was litile braan contamination of the flours of these wheats.

[a¥

iller s o5a sieve was used for the World Collection wheats because

~
Ll

v

0+ Tue poooibality orf bran contamaination of flours of hard wheats sifted
oa the larges mesh sieve. The mill flour and mill bran were weighed
areer sirting,. Milline yield was calculated as follows: Milling yield =
1ll fleour we./mall flour wt. + mill bran wt.) x 100,

ron

e mochod of washing the bran with an alcohol tacetone solution

vas developed by Gene W, Lenser of Con Agra, Inc. It was obtained from
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hin by porsonal communication via Prof. P. J. Mattorn. Tho method used
in taus study 1s basically Lenser's proceduio with some minor modifica-
t10.as,

Tae washing solution was a 80:20 (v./v.) absolute ethanol:acetone
-olut.on. All of tie bran obtained from milling a 20g sample of wheat
wis pliced in o sazll Waring blender jar. Fifty ml., of the washing

soluu1oa Was added wrd the mixture was stairred for one minute at slow

-

< 3
S,e¢u ©1 &

varirg bleader. The endosperm adhering to the bran is washed

«rd 15 suspeaded 1n the washing solution. After stirring the flour

L]

oL
swaDeR5.0 Wio wucanted 1nto a beaker. A piece of a 706G silk sifting
531L2n 2w onening = 236 microns) was fitted over the top of the beaker
Tu STIL.T Ol Luua particles. Fifty ml., of the washing solution was
aducu TO TRC bran 1n the blender jar and the process was repeated. After
Jesanizng the flous suspension, the bran was washed out of the blender
jar witn the weshing solution onto the 70GG screen,

The scrcen w«nd washed bran were placed on a watch glass and dried
11 a 35°C oven for 12 hours. Suspended endosperm particles were filtered
frea the washirg solution using vacuum filtration. A Gilman type E fiber
laos Ffiliter was used. The bran flour and filter were placed on a watch
Cieww ané aried for 12 hours in a 55°C oven.

After drying, the bran flour was removed from the filter with a

]
j &
>
e

spatula and then ground with mortar and pestle. The ground bran

4

&-\

Lt
b
<
| =
51

and rn1ll flous samples were placed in a humidity controlled cabinet
for 72 hours to lring all the samples to a uniform moisture level. The
samples were tnen weighed and their average moisture content determined.

Semple dry weighis were calculated using the average moisture percentage.
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Aftor wolghing, the bran flour was added to the mill flour to reconsti-
tute tho endosperm. Sanmples wore thoroughly blended by shaking.

‘Zter drying, the head row nursery bran samples were ground using
a Udy Cyc.one Sample Mill, The ground bran samples were then placed in
the haomidiiy caebinet for 72 hours and weighed. Sample dry weights were
calculated using tac average moisture content of the samples. Some loss
ol pr.n sample occursced during grinding. Because of the grinding loss,
the prociwase was altered for the bran samples of the World Collection
kacats, T.ese bran sarples were placed in a humidity controlled cabinet
for 72 neurs, welshed and then ground,

The 1ccoustituted cndosperm samples and the ground bran samples
were then waalyzea for protein and lysine content using the procedures
desc..bed zn Suetion I, The bran samples from the wheats milled at
Xan.as State Univessity also were washed. The washed bran and bran flour
obtained from these bran samples were analyzed for protein and lysine
conteat. A.l protcin percentages were calculated as %N x 5.7. Labora-
tory var.abalivy for percent protein is 10.2 of a percentage point.
Laboratory vuriaorlity for lysine (% of sample) is £.01 of a percentage
point.

Endosperm percentages, sample recovery percentages, and other
svvtanent data were calculated using the equations listed below. Bran
refers to washed bran samples and the abbreviation, dwt, indicates dry
weagal. Kernel component weights, and protein and lysine (% of sample)
percentages were uscd to calculate the amount (grams) of protein and

lysine an the cndosperm and bran.
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1. Endosperm (dwt) = m1ll flour (dwt) + bran flour (dwt)

2. Sample recovery % = cndosperm (dwt) + bran (dwt) 100

- o —————— e T . -

grain (dwt)

3. % cndosperm of sample = endosperm (dwt) x 100
cndosperm (dwt) + bran (dwt)

4. Calculated grain protean % = (endosperm protein (g)+bran protein (g))x100
endosperm (dwt) + bran (dwt)

5. Calculated crain = (endospeim lysine (g) + bran lysine (g)) x 100
ysine (% ox sanple) cndosperm (dwt) + bran (dwt)

6. % of hesnel protein = lEEEEEJEEYEJYTUUZHl_(E) __ ) x 100

in cndospeam cnaosperm protein (g) + bran protein (g)
7 % of lerrel lvsine + (endosperm lysine (g) ] x 100
1N enuc “arm endosperm lysine (g) + bran lysine (g)

Statistical Methods

Statistical procedures and interpretations are based on standard
methods detailed by Snedecor and Cochran (19é7) and Steel and Torrié
(196e).  Compator analvses using the Statistical Analysis System (SAS)
programs (Service, 1972) were used extensively,

Means, ranges, and standard deviations were calculated for most
of the variables. Simple correlation coefficients were calculated for
pramn % motein, crdosperm % protein, bran % protein, grain lysine,
cadosperm lysine, bran lysine, and % endosperm to provide a measure of
tue degree of associution of these variables with oach other. Correla-
tions involvang other variables also were calculated,

i'eqression analvsis was used to determine more precisely the
relationship of protein and lysine in whole grain, endosperm, and bran
sauples  Separate regression analyses were calculated for the World
Collection vheats, the Nap Hal/Atlas 66, Nap Hal/CI 13449, and tho

nap Hal/CIMMYT 8156 head rows. Muliiple regression analyses were
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used to determine the effoct of endosperm and bran protein and lysine
content and percent endosperm on whole grain protein and lysine content.
The regression medel chosen to represent a particular relationship was
scleeted on the basis of a significant F test, significant regression
coefficients using the "t" test, and with those criteria met, a maximum
coef{icrent of detcrmination.

Worid .hcat Collection grain, endosporm, and bran lysine values
were adjusted to population mean protein levels. Lysine values of the
Nep Hal/Atlas 66 and Nap Hal/CI 13449 samples were adjusted to mid-parent
protein levels using the regression coefficients calculated in the re-
gression analysis.  As an example, the equation used for adjusting endo-
sperm lysine (b of protein) to the mid-parent protein level was:

Yyady = Y, - b (X1 -1PX).

The b value is the regression coefficient, Yi, the measured lysine (% of
protein) of the ith sample, Xi, the protein content of the ith sample,
and MPA, the mid-parent protein value.

World Wheat Collection grain lysine (% of protein) values were
also adjusted for percent protein and % endosperm of sample and for per-
cent protein and test weaght. The latter adjustment was calculated
using the adjustment equation developed in Section I for the 1973 Yuma
World Wheat Collection nursery. Correlations between the various ad-
‘justcd lysinc values also vere calculated, ,

Standard partial regression coefficients wers calculated for some
of the regression equations. Standard partial regression coefficients
give an indication of the relative importance of the independent

variables (Steel and Torrie, 1960).
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Most of the wheats analyzed were not replicated. The parent and
chech variotics were replicated in the head row nursery. The 1973 World
Wheat Collection nuisery was an augmented randomized complete block
design with four blocks., Check varieties were planted in each block,

Tae pareat und check vacioties of the head row nursery and the check
varicties of the YWorld Collection Special Study nursery wore analyzed
using analys., of vasiance procedures to obtain estimates of experimental
erros aud ti¢ siandard error of a treatment mean. The World Collection
chec. vas.cties were analyzed using analysis of variance procedures for
the randoi.ed cerplete block design. The head row nursery checks were

analyzed using procedurcs for a completely randomized design.
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RESULTS

Kernel Fractionation

four wheat varicties were grown in large field plots at Yuma,
Arizona 1n 1973. Grain from these wheats was milled on the Kansas State
University pilot mill. Grain, 70% extraction flour, mill bran, washed
bran, and bran flour protein and lysine {% of protein) values for these
wheats ave l.sted in Table 1. Mill bran is higher in protein and lysine
ccntent than waole grain samples. Grain samples are higher in protein
and ly.iae than 70% e«traction flour. Lysine differences between grain
and flour samplcs are of greater magnitude than the protein differences.
The bran {luer samples are nuch higher in protein content than the
washed bran samples, but thev are lower in lysine (% of protein) contont.
Tae bran flour sarples are considerably highor in both protein and lysine
content than the 70% cxtractaon flours,

Atlas 66 anu Nap Hal have significantly higher protein content
than Centurh or DBezostayra in both grain and 70% extraction flour. The
grain lysine (% of protein) percentage of Nap Hal is higher than the
grain lysine (W of protein) values of the other wheats. Lysine (% of
protein) of Mip Hal 70% extraction flour is only slightly higher than
the flour lysine (% of protein) percentages of the other wheats.

Mfilier's terminology 1s used in the results and discussion., The
tesm endosperm refers to the starchy cndosperm. Morphologically, the
aleuronc laycr 1s also endosperm tissuc. The term bran refers to the

non-starchy cndosperm portionsof the wheat kernel.
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Table 1. VWhole grain, 70% oxtraction flour, bran, bran flour, and washed
bran protein and lysine (% of protein) percentages for four
cultivers grown at Yuma, Arizona in 1973.

Cultivars

Variablics Atlas 66 Centurk Nap Hal Bezostaya
Wnole g1 .n % protein 17.2 15.0 18.5 13.2
Whole grain lysine (% of protein) 2.86 2.90 3.05 2.80
70% entraciion flour '

" % mrotein 17.2 12.4 16.5 11.]

" ty.ane (% of protein) 2.12 2,18 2.20 1.99
Bran Flour % prote:n 26.6 26.4 28,3 23.2
Bran Flours % ly.sine (% of protein) 3.31 4,22 3.12 4,12
Bian % proten 19.3 18,9 23.9 16.10
Bran iysanc (L of pioteirn) 4,00 4.46 4.04 4.57
Loshed broi % protemn 18.0 17.8 23.3 14.2
hashed bron lysine (5 of protein) 4.38 4.67 4.71 4,85

siglre 1 1y a photograph of the bran of the hard red winter wheat,
Scout 65, Lelose and alter washing., Figure 2 is a photograph of the bran
of the soft winter wacat Atlas 66. The bran samples were obtained by
malling 207 soples froa check rows in the World Collection nursery.

o~

neTe

[

5 rote cndospern adhering to the mill bran of Atlas 66 than to
tho n:ll boon of Scout 66.  After washing thore is no visible difference
beuween tae beans of ths two wheats for endosperm content. Although the
wachew bran soiples of both wheats still contain some endosperm, both
are cleaner than belore washing. The average endosperm content in the
Vorld Collict.on nursery on a weight basis was 40.0% for Atlas 66 bran
and 30.4% Jo. Scout 66 bran. These photographs show that it is possible
to obtain a morc uniform scparation of bran and endosperm among wheats
differing in millang quality by using the bran washing procedure than by

siuply milling tho wheats.
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Figure 1. Bran of the hard red winter wheat 'Scout 66' before fleft) and after (right)

washing with an 80:20 ethanol:acetone solution.
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washing with an 80:20 ethanol:acetone solution.
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Examination of the washed bran samples with a dissecting micro-
scope rcevealed that the bran, including the aleurone layer, was still
larsely intact cven though pireces of washed bran are smaller than pieces
of mill vi.n. It 15 possible that very small pieces of bran or germ
broie oll in the wasning process and went into suspension with the endo-
speint particles ard were scparated with the endosperm. If this did
occur, 1t wos to a vevy limited ertent only. The bran flour did not
ccntain any visible Lran contamination. In a simple milling and sifting
cperation such as the one used in this study, almost all of the germ
rerains wita the bran,

Msans, ruenges, and standard deviations for milling yield, flour
weight, bras ilcur weight, bran weight, and endosperm and sample recovery
percentages wio listed in Table 2 for the wheat samples fractionated
fren tee nead reuw and Yorld Collection nurseries. The mean milling
7reld vus n.cler for tne head row nursery than for the World Collection
nursery but cace ciouat ol llour removed from the bran was smaller. These
diZfirencos can be attriluted to the different sieve sizes used in sifte
ang flour fos the two groups of wheats from the bran.

Tae mean peicent cndosperm of sample for the head row samples was
larses than that of the World Collection wheats. The mean sample recovery
percent of tne World Collection wheats was higher than that of the head
vous. Tho ncad sow bran samples were ground before weighing and some
grirndang loss occurred. This reduced the sample recovery percentage and
resulted in the nigher endosperm percentage for the head row samples. In
cc parison to the VWorld Collection fractionation results, the endosperm

porcentages of tho hoad row samples are inflated about 2 to 3 percentage
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Table 2, Mean, range, und standard deviations for kernel components and
hernel recovery percentages from the fractionation of 20g
samples of 176 rows from the 1973 Yuma head row nursery and
for 153 rows {rom the 1973 World Wheat Collection Special Study

nursery.
Standard
Variables Mean Range deviation
1973 Yuma head row nursory*
100 Lesnel wr () 3.04 2.17- 3,95 .405
Millint vield (%) 75.1 70.7 -83.2 2.60
Flous wt (g) + 13.73 12.82-15.89 .517
oron flour wi () + 1.26 052- 1,77 . 232
Wasacd bron we (g) + 2.80 2.06- 3,54 . 266
‘J C?JOL:‘&.K. 8402 80.0 -8805 1.54
S2 ple roc very o F 96.8 94.3 -99,2 1,16
1.0 ior1d Theat Collection Special Study nursery**
Test vez, oo (o/02 77.89 70.95-83.85 3.279
1000 Loz el vt [0) 40,03 24.95-57.94 7.351
k!ill.:" ‘/:.LIU (u) 71.2 63.1 -78'8 3.18
Fl X% (:‘] bl 1.60 092- 2050 0390
Vaonea a2y vt (o) + 3.15 2,56~ 4.77 . 309
G oedes el 81.9 72.8 -85.5 1.77
Scople ricovenys G 98.1 96.3 -99,2 50

* Avere v coy werght of whole grain samples = 18.38¢g

¥ Aver.ro deoy weaant of whole grain samples s 17.79¢g

+ Dry wearcht basis

A £:.cludang vovws 15,812 and 19,046 which had sample recovery percene
tages of 107.0 and 102.2% respectively.


http:24.95-57.94
http:70.05-83.85
http:12.82-15.89

points. The two sample recovery percentages of more than 100% are due
to more than 20g of sample having been milled.

The raayes and standard deoviations for percent endosperm of sample
are smaller than thosc of milling yield. The range in percent endosperm
of sample for tuc World Collection wheats was 72.8% to 85.5%.

Mcans anc the results of the analysis of variance of the parent
and cheelh rows ol the licad Tow nursery and the checks of the World
Colleetion naruoevy Jor hernel weight, milling yield, flour weight, bran
ilous werjat, waohed bran weight, sample recovery percent and percent
encospern ave listed in Tables 3 and 4 respectively. The parent and
cheeh varictiices diller significantly for all factors except for sample
Tecovery pesceat.  In the World Collection nursery, replications had a
srall elfect on 11 variables excopt for sample recovery percent. Sample
recovery pe.sceat was independent of the wheat variety processed. Co-
efficients ¢ varsiation were small for all variables.

The pavent and check varicties Centurk, Nap Hal, and Atlas 66 were
in both nurseries. The cndosperm percentages for these wheats are higher
in the acad roo nursery than in the World Collection nursery for the
reason c4plained pruviously. However, the relationship of these varieties
to each otaer uithin a nursery is the same. Centurk is 3 to 4 percentage
points hig.er than Atlas 66 and Nap Hal is about one percentage point
higher thun AClas 66 1n ondosperm percent of sample,

Thcre are large dif{erences among the wheats for milling yield
that are almost cntircly due to kernel texture. In the World Collection
nursery, the mean milling yiold of Triumph 64, a hard red winter wheat,

15 eight percentage points greater than that of Atlas 66. Triumph 64,



Table 3. Meens, coefficiconts of vaciation, F ratios, and LSD vzlucs for lerinel coomponents
and keriel recovery percentages for check cultivars in the 1973 Lerld Wheat
collection special stedy parsery.t

Heen of chock evltivars r=f F ratio F ratio
Variable Atlas 13 ph Scadt il Ceaturk fp .1 CV  for for
66 (i 66 65 % cultivarc replicitions LSD,0O5

1000-kernel wt. 34.7 40.1 42.2 50.5 36.0 26.4 3,56 140.C~* 3.31* 2.06
Milling yield % 65.8 74.2 76.3 75.9 74.5 6£.8 57 419.00%* 4.47% 0.63
Flour wt. (g) 11.74 13.22 13.62 13.57 13.25 12.27 .79 225.41*" 3.21* 0.15
Bran Flour wt (g) 2.26 1.19 118 1.03 1.30 1.86 4.69 185.43~* 11.20** 0.10
Washed bran wt (g) 3.37 3.04 2.70 2.87 2.88 3.27 2.65 40.52** 3,20% 0.12
% endospern 80.59 82.56 84.56 83.63 83.44 81.23 .55 44 .42** 3.17¢ 0.68
Sample recovery % 97.67 98.11 98.43 98.50 98.02 97.82 .54 1.52 1.31 0.80

* ** Tndicates significance at the .05 and .01 levels respectively.
* Average dry weight of whole grain samples fractionated = 17.79 g.

£6



nces from the analvsis

Table 4. Means, coclficients of voriation, F retios, and err r varia
icentages for parent and

of variar~. for kcinel co porents and Jerrel 1zcov | e
check cultivars in thie 1973 Y1 2 bcad 104 rurscry

H.-n of paircnt «rd ¢l -~ ' 1oy

Coczfficient F Error

Variable Ccnturlk  Atles 66 IMrp H2l1 CI 13. 9 CI' of ratio rean
n=7 n=3 n=7 n-2 €156 vari-tion squrre

n=2 %

100 kernel wt. 3.61 3.63 2.62 2.21 3.92 3.90 113.6** .0154
M1lling yield % 81.8 74.3 75.5 72.0 82.1 1.43 58.3**1,2380
Flour wt. (g) 14.96 13.57 13.75 13.15 15.47 1.94 39.4*% 0764
Bran flour wt. .68 1.20 1.20 1.63 .55 9.78 60.1** 0097
Washed bran wt. 2.25 3.01 2.76 3.02 2,32 5.76 22.73%*,0226
Sample recovery $ 97.37 96.53 96.41 97.06 98.02 .78 2.74 .5539
% endosperm 87.4 83.1 84.4 83.0 87.4 1.03 22,.73**.7766

*,** Indicates significance at the .05 and .0l levels respectively.
+ Average dry weight of whole grain sample fractionated = 18.38 g.

14
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¥

however, 1s only 2 percentage points higher in endosperm percent. Atlas
66 had almest twice as much endospern adhering to the bran as Triumph 64,

Wrole grain protein and lysine porcentages were calculated using
endosperm ard bron welgats and protein and lysine percentages. The means,
Faages, une standara deviations for measured and calculated protein and
lysine (% ol saanle) 2erecentages are listed in Table S, Calculated pro-
tein and lysine moan, range, and standard deviation values are almost
1dentical (o the seasured values. The correlations between the calculated
and measu.cd protein and lysine values are very high.

Tne vreats aaalyzed in this study, particularly those from the
World Collcction, Tepresent a large range of kernel types and differ
widely for huernel Leight, test weight, milling quality, and endosperm
FefCla.  Tle correlations for these traits are listed in Table 6. In
tre acad 4y nuaisery 100-kernel weight was not correlated to percent
endospesm., A e but significant correlation existed betwoen 100-kernel
weight and milling yield. 1In the World Collection nursery, the correla-
tioas of test weight with both milling yield and percent endosperm were
higher than thosc of 1000-kernel weight. The correlation of both test
weight and 1003-%ernel weaght wath percent endosperm were low but sig-
a1ficant.  Test weaght provides a better index of milling yield and
perceat cadospurm than 1000-kernel weight, The correlation between test
weirght and kernel weignt is low,

In both nurseries, mrlling yield was strongly correlated with per-
cent cndosperm. In both nurseries, there was a high negative correlation

between nilling yield and bran flour weight. As milling yield increased

the azount of endospern remaining on the bran decreased,
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Table 5. Mcans, ranges, and standard deviations for % protein and lysine
(% ol sample) for grain samples obtained by whole kernel
analysis and by calculation using endosperm and bran protein
and lysine percentage for 176 rows from the 1973 Yuma head row
rursery and ror 153 wows from the 1973 World Wheat Collection
Speceral Study nursery.

Standard
Variable Mean Range deviation
1973 Yuma head row nursery

Grain % protein 17,98 11.60-24,20 3.15
Calculated grain % protein + 18.11 11.75-23,98 3.09
Grain lysine (7 of sample) 0.55 0.38- 0.68 0.068
Calculated gro.a lysine

S of sumple) 0.54 0.38« 0.68 0.065

=573 i'os1d Wheat Collection Special Study Nursery

Grzin (% nictein) 16,39 11.20-21,00 2.29
Calculated gouzn (S protein) + 16.60 11.36-21.16 2.32
Grain lysine (% of sample) 0.47 0.37- 0.60 0.059
Calculated grain lysine '

(% of sazple) # 0.47 0.36- 0.59 0.056

*+ The ccx..latzon of calculated grain % protein and grain % protein =

re i)~ {ori. head row samples and r = ,98** for the World Wheat
Collectron saples.,

# The correl.tion of calculated grain lysine (% of sample) and grain
lysino (% o sanpic) = r = 0,96** for the head row samples and r =
0.95** for the World Wheat Collection samples.


http:11.36-21.16
http:11.20-21.00
http:11.75-23.98
http:11.60-24.20
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Table 6. Corrclation cocfficients for kernel traits for 176 rows from
the 1973 Yuma hoad row nursery and for 153 rows from the 1973
World Wheat Collection Special Study nursery.

Correlation
coefficient
Traits cerrelated T
1973 Yuma head row nursery
100 keines wt (g) Milling yield 210
100 hesmel wt % endosperm of sample .06
Milling yicld % endosperm 89
Milling yicld Bran flour wt (g) - 830w
1973 VWorld iheat Collection Special Study Nursery

Test wex w (Lg/al) Milling yield 4ler
Test weaght (hg/hi) % endosperm of sample c23%
1000 Lewrnel wt. (a) Milling yield L 26%*
1830 leriel wt (g) % endosperm of sample .20*
Mxlling yiela > endosperm of sample JT0%*
Fallias yoo1d Bran flour wt (g) -, 834
Tese weighe (kg/hl) 1000 kernel wt (g) ' 26%*

*, ** Indicates significance ot the .05 and .01 levels respectively,

Ca the average, 80% of the protein in wheat grain is endosperm
protein while only an average 68 to 71% of the total lysine resides in
cndospesin proteins. The means, ranges, and standard deviations for these
variables ar. listed in Table 7. The percentages of kernel protein and
lysine in tne endosperm are slightly larger for the head row nursery than
for the Vorld Collection nursery. This can be attributed to the larger
endospern perceatages of the head row samples (Table 2). The range
values are large for percentages of both protein and lysine that are

L

endosperm in origin,
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Table 7. Means, ranges, and standard deviations for percentage of whole
hernol protein and lysine that is endosperm protein and lysine
for 176 rows from the 1973 Yuma head row nursery and for 153
rows from the 1973 World Wheat Collection Special Study
nursery.4 #

Standard
Variable Mean Range Deviation
1973 Yuma head row nursery .

% of Lkernel protein in

Gndospel‘m 80.5 75.5-85.9 2. 12
% of lernel lysine in

endosperm 70.7 64.7-77.9 2,55

1973 World Wheat Collection Special Study nursery - -

% of hermel protein in .

cadospern 79.3 70.5-84,9 2.47
% of Fernel lysane in . ‘

endosperm 68.0 58,.8-74.8 2.94

¢ % of kernel protein in endosperm = (endosperm protein (g)/total
protein (g)) x 100. ; ‘

# % of hernel lysine in endosperm = (endosperm lysine (g)/total lysine
(g)) x 100, L
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Yor.d Collection Wheats

Tho mean protein, lysine (% of protein), and lysine (% of sample)
percentages of the bran samples of the World Collection wheats were con-
saderably higher than those of the endosperm and whole wheat samples
(Table 8). Vhole grain samples were higher in protein and lysine content
than the cndosperm samples because of the high protein and lysine content
of the bran. The mean difference of whole grain and endosperm protein
percentages 1s small. The lysine mean differences of grain and endosperm
were relatively larger than the protein mean differences.

Correlation coefficients for grain, endosperm, and bran protein
and lysine values for the World Collection wheats are listed in Table 9,
Endospern percent protein was highly correlated with whole grain percent
protein. Grain and endosperm protein percentages were correlated with
bran percent protein but these correlations were lower than the correla-
t2on of grain and endosperm protein. The correlation of grain percent
protein with percent endosperm of sample was negative, i.e., as percent
endospern of sample increased the protein content of the whole grain
sample decreased., '

Grain lysine percentages were positively correlated with endospexm
a2nd bran lysine percentages. The correlations of grain lysine percentages
with the endosperm lysine percentages were higher than the correlations
with the bran lysine percentages. The correlations of grain lysine values
With cndosperm lysine values are lower than the correlation for percent
protein. Grain lysxne (% of sample) was negatively correlated with per-
cent endospern, Grain lysine (% of protein) was not correlated with per-

cent endospern.



Table 8,

100

Moans, range values and standard deviations for whole grain,
cndosperm, and bran prote

in and lysine values of wheats
in the World Wheat Collec

grown
tion Special Study nursery at Yuma,
Arizona in 1973, + #
Standard
Variable Mean Range deviation
% Protein
Whole grain 16.4 11.2 -21.0 2,29
Erdosperm 16.1 10.8 -21.0 2.43
Brzn 19.0 13.1 =25,1 2.40
Lysine (% of sample)
Whole grain .47 37 ,60 «059
Crcosperm .39 »29- .50 .050
Bran .83 46~ 1,14 107
Lysirne (% of protein)
Whole grain 2.90 2.52- 3,37 214
Endosperm 2,45 2.14- 3,08 .166
B:‘.’.‘.n 4.40 3023- ,4097 0286

,{

4 times,

+ Bran includes the germn
Results are for 129 W

orld Collection Wheats plus 6 checks replicated


http:3.23-4.97
http:Erdospe,2.29

Table 9. Correlation co<{ficients for vhole grain, endospe
percentagz~s for 135 whezts gro/m in the horld

at Yuma, Aziz. in 1973 *+ &

m, and bran protein and lysine
Wheat Collcction Special Study nursery

Yhole ker:scl Endospern Bran %
Ls v P LS Lp P LS 124 END
Khole kernel -
% protein -85**  -.49%*  _gger  gogex _ ggee  _gces <S5**F - 34t _ 35us
Lysine (% of sample) .04 .82%% LOI%E L 15w 725 J59*Y L 22%%  _ 4)ue
Lysine (% of protein) -.48** - 17* L78%%F  _ 23%%  _ 07 .28%* . 03
Endosperm
% protein <90** - S5**  _g7¥*  4g#x  _ 3Zoax
Lysine (% of sample) -.14 L64%*F  _48*%+ . 30+

Lysine (% of protein)

Bran
¥ protein
Lysine (% of sample)

=.31*%* .. 23%+ 14

87%% L 2]

*,** Indicates significance at the .05 and .01 levels
* Results are for 129 World Collection wheats plus

#

of probability respectively.
6 checks replicated 4 times.

Abbreviations: P = § protein; LS = lysine (% of sample); LP = lysine (% of

pProtein); % End = percent endosperm.

101
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Within each group of samples, i.e,, whole grain, endosperm, and
bran, lysine (% of sample) was positively correlated with percent protein
and lysine (% of protein) was negatively correlated to percent protein.
Within ecach group of samples, the correlation of lysine (% of sample) ang
lysine (% of protein) was either not significant or low.

Table 10 contains a summary of the regression models tested for
the regrossion of lysine on percent protein for the whole grain, endosperm,
and bran samples of the World Collection wheats. Models for the regression
of grain protein and lysine on percent endosperm also are listed. Within
each group of samples, 1.e., grain, endosperm, and bran, the linear models
for the regression of lysine (% of sample) and lysine (% of protein) on
perceat pooiein gave the best fit. The coefficients of determination for
the regression of lysine (% of sample) on percent protein were higher
than those for lysine (% of protein). Eighty-one percent of the vari-
ability that existed among wheats for endosperm lysine (% of sample)
coulc be ctiributed to variation for endosperm protein while 31% of the
variation for endosperm lysine (% of protein) could be attributed to endo-
Sperm protein variation. The coefficient of determination for the re-
gression of bran lysine (% of protein) on bran percent protein is very low.

The cocificient of determination for the regression of grain
lysine (% of sample) on grain percent protein and percent endosperm is
slightly larger than the coefficient of determination for its linear
regression on grain percent protein. Percent endosperm has a small but
signaficant cffeet on grain lysine (% of sample) after taking into
account variability due to variation in percent protein. Although the

correlation of percent endosperm and grain lysine (% of protein) was
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Table 10. Summacy of regressions models tested for whole grain endosperm
and bran protein and lysine content for wheats grown in the
Worla Wheat Collection Special Study nursery at Yuma, Arizona
in 1973. Results are for 129 World Collection Wheats plus 6
chech varieties replicated 4 times, +

Model Sarple Depcndent Indopendent Coefficient
nuwhor s12e variable variable of determination
C73- 1 153 ELS Ep** 8098
C73- 2 153 ELS EP EP2 .8099
C73- 3 153 ELP EP** .3088
C73- 4 153 ELP EP* EP2 .3199
C73- 5 153 BLS Bp## 7570
C73- 6 153 BLS Bp*» pp2 .7586
C73- 7 153 BLP Bp#* 0464
€73~ 8 153 BLP BP BpP2 .0559
C73- 9 153 GP % End** 1227
C73-10 153 GLS % End*w .1670
C73-11 153 GLS GP** .7206
C73-12 153 GLS GP GP2 .7209
C75-13 153 GLS GP** & Endw* .7348
C75-24 153 GLP % End .0009
C73-15 153 GLP P .2364
C75-16 153 GLP p* p2 .2471
C73-17 153 GLP P** § End** .2823

*,** Indicates significance at the .05 and .01 levels of probability
respectively of the partial regression coefficient.

bbrevictions.

Hhole grain

Lndospern

Bron
nd +-% Cndosperm
% Protein

Lysine (% of sample)
Lysane (% of protein)

nmun
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not significant, percent endosperm did have a significant effect on grain
lysine (% of protein) when included in a multiple regression model with
grawn percent protein.

The regression lines for the linear regression of lysine (% of
protein) on percent protein for whole grain, endosperm and bren samples
of the World Collection wheats ;re shown in Figure 3. The lengths of the
regression lines correspond to the range in protein values for each group
of samples. There was more variation among wheats for bran protein con-
tent than for endosperm or grain protein content. The slope of the bran
regression line is slightly less than the slopes of the grain or endo-
sperm lines. The gentle slope of the bran regression line illustrates
that bran protein content did not have much effect on bran lysine (% of
protein). The slope of the grain regression line is slightly steeper
than the slope of the endosperm regression line. The similarity between
tho curves reflects the very high correlation of grain and endosperm per-
cent protein and their reasonably high lysine (% of protein) correlation.

Standard partial rogression coefficients are the partial regression
coefficients when each variable is in standard measure and, as such, give
an indication of the relative importance of the independent variables.
The standard partial regression coefficients for the regression of grain
percent protein on endosperm and bran percent protein and percent endo-
sperm are listed in Table 11. Percent endosperm has very little effect
on grain protein content. In comparison with endosperm protein content,
the effect of bran percent protein on grain protein content is small.

The standard partial regression coefficients for the regression

of grain lysinoe (% of sample) on endosperm and bran percent protein and



'Lysine (% of Protein)

N,
- P Ry -~ Bran
4.00 ©
3.00 §
Graj_n
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S - .

Y a Iy & a 2 (] ']
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Z Protein _
Figure 3. Linear relationship of % protein and lysine (% of protein) for whole grain
' endosperm, and bran of wheats from the 1973 World Wheat Collection Special
Study nursery.
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Table 11. Standardized partial regression coefficients for whole grain
protein and lysine content from the regression analysis of
wheats grown in the 1973 Yuma World Wheat Collection Special
Study nursery. Results are for 129 World Collection wheats
plus 6 check varieties roplicated 4 times,

Dependent Iadopendent Standardized partial Coefficient of
variables variables regression determination
coefficients for regression
model
Whole grain 1. Endosperm 8717w \ 9792
% Protein % protein
2. Bran % protein +1599%*#
3. % Endosperm -.0099 ‘ .
Whole grain 1. Endosperm .8866** «8679
lysine % protein o
(% of 2. Endosperm lysine +3961%*
sample) (% of protein)
3. Bran % protein «2458%%
4, Bran lysine (% of 13334+
protezn)
5. % Endospernm -.1161

*,** Indicates significance of the partial regression coefficients at
the .05 and .01 levels of probability respectively.

lysine (% of protein) and on percent endosperm (Table 11) show that endo-.

sperm protein content has as much effect on grain lysine content as all

¢
IS

the other factors ccmbined. The effect of endosperm lysine (% of profeinf ,
on grain lysine (% of sample) is greater than the effectsiof brFﬂ protein
or bran lysine (% of protein)., Percent endosperm has the smallest effect. .
on grain lysine (% of sample) of the factors tésted.

Grain, endosperm, and bran lysine (% of sample) and lysine (% of
protein) values were adjusted to their respective mean protein levels so
thiat valid grain, endosperm, and bran lysinq comparisons could be made

among wheats differing in protein content. Grain lysine values also were
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adjusted for grain percent protein and grain percent endosperm. Indepen-
dent variable means and the regression coefficients used in these adjuste
men: cquations are given in Table 12. Some of the regression models
listcd an Table 12 were summarized in Table 10,

Correclation coefficients of adjusted grain, endosperm, and bran
lysine values for the World Collection wheats are listed in Table 13.
The grain lysine values adjusted for percent protein and test weight were
adjusted using tnc adjustment equations from Section I for the 1973 Yuma
nursexy. The correlation of adjusted grain lysine (% of sample) with
aajusted grain lysine (% of protein) was high (r = ,99) for all three
grain lysine adjustment equations. Coefficients for the correlation of
adjusied endospern and bran lysine (% of sample) values with their re-
spectave lysine (% of protein) values were r = .99, After adjustment,
lysine (% of sample) and lysine (¥ of protein) provide the same relative
measure of protein quality,

The coefficients for the correlation of adjusted endosperm lysine
(% of protein) wxth grain lysine (% of protein) adjusted for percent pro-
tein and test weight, percent protein and percent endosperm, and percent
protein were r = 0.64, r = 0.66, and r = O.70%respectively. The coeffi-
cient for the correlation of unadjusted grain lysine (% of protein) with
unadjusted endospesm lysine (% of protein) was r = (0,78 (Table'9). Re~
moval of the effect of percent protein on lysine content by adjusting
lysine values for percent protein decreased the correlation between grain
and cndosperm lysine percentages. Including percent endosperm or test
weight 1n the grain lysine adjustment equations with percent protein

resulted in an additional decrease in correlation of grain and endosperm



Table 12. Means, regression coefficients, 't' values for the repression coefficients, and intercept
values for the regres<ion of lysine (% of szuple) and lvsine (% of protein) for vhole grain,
endospern, and bran sciples for the vheats fractionated from the Vorld Wneat Collecticn
Special Study Nursery growm at Yuna, Arizona in 1073.+

Model number Dependent Independent Independent Regression ‘'t Intercept Dependent Coefficient of
variable variable variable Cocfficient value variable determination
mean mean
C 73-1 ELS EP 16.09 .0186 25.35** 0880 . 388 .8098
C 73-3 — ELP EP 16.09 -.0380 -8.21** 3.0658 2.454 .3088
C 73-5 BLS BP 18.96 .0386 21.68** 0976 .830 .7579
C 73-7 BLP BP 18.96 ~-.0256 -2.71** 4,8914 4.406 .0464
C 73-11 GLS GP 16.39 .0218 19.74** 1096 .468 .7206
C 73-13 GLS GP 16.39 .0207 17.92** 4743 .468 .7348
% End 81.93 -.0042 ~2.83**
C 73-15 GLP GP 16.39 -.0455 -6.84** 3,6434 2.898 .2364
C 73-17 GLP GP 16.39 -.0530 =7.67** 6.0288 2.898 .2823
’ - % End 81.93 -.0276 -3.09%*

- ** Indicates significance at the .01 level of probability.
+ Abbreviations: G = whole grain; E = Endospexrm; B = Bran; % End = % Endosperm; P = % Protein;
LS = lysine (% of sample) ; LP = Lysine (% of protein).

801



Table 13. Correlation coefficients of whole grain, cndospern, and bran adjusted lysine values for
wheats grown in the World Vheat Collection Special Study nursery at Yunz, Arizona in
chech variceties replicated

1973. Results are for 129 torld Collection Wheats plus 6

4 times.

GLP GLS GLP GLS GLP LCLS ELP BLS BLP
(GP KG/HL) (GP % End) (GP % Lnd) (GP) (GP) (EP) (EP) (BP) (BP)
73-33 C73-13 C73-17 C73-11 C73-15 C73-1 (C73-3 C73-5 C73-7
Section I
GLS (GP KG/HL) .99%* .95** L93** LO7%* 96 * L65**  _63** 14 .13
73-29 (Section I)
GLP (GP KG/HL) L94** J94%% L96** JOTEX  G4%* .64** |15 .14
GLS (GP % End) 00 Ll JO97** 96*%* 66** J64%% 31 %*  20%¢
GLP (GP % End) J96**  Q7%%  _G6**  G6** J31%* 3 0nx
GLS (GP) 99** .70**  _68** ,19% A7*
GLP (GP) ) .70%*  70**  ,18* 17*
ELS (EP) 99*%* .01 .01
ELP (EP) .01 .03
BLS (BP) L99%*

“

*,** Indicates significance at the

.05 and .01 levels of probability respectively.
+ Abbreviations: G = whole grain; E = Endosperm; B = Bran; % End = % endosperm;

P = % Protein; LS = Lysine (% of sample); LP = Lysine (% of protein).

Factor used to adjust lysine values given in partentheses.
adjustment equation listed below adjustment factors.

Regression model used for

601
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lysine. The correlation of grain lysine (% of protein) adjusted for per-
cent protein and test weight with grain lysine (% of protein) adjusted for
percent protein and percent endosperm was high (r = 9:94). Adjusted endo-
sperm lysine values were not correlated with adjusted bran lysine values.

Mcans, F ratios, coefficients of variatidn, and LSD values for
grain, endosperm, and bran protein, lysine and adjusted lysine percent-
ages for the check varieties of the World Collection ruvsery ;re listed
in Table 14. There were highly significant differences among the check
varieties for all variables tested, The F ratio for replications was
significant at the .01 level of probability only for unadjusted endosperm
and braa lysine (% of protein) and adjusted bran lysine (% of protein).

Atlas 66 and Nap Hal were higher in grain and endosperm protein
content than the other varieties. Nap Hal had significantly higher bran
protein content than the other wheats. Nap Hal also was significantly
higher than the other varieties for adjusted grain lysine (% of protein).
Nap Hal had the highest adjusted endosperm lysine (% of protein), but
the degree of its superiority in comparison with the other varieties was
less than for grain adjusted lysine. Atlas 66 had significantly lower
adjusted bran lysine (% of protein) than the other varieties. There was
no difference am;ng the other varieties for adjusted bran lysine.,
Centurk had relatively high grain and endosperm adjusted lysins per-
centages.

Grain, endosperm, and bran protein and lysine percentages of the
World Collection wheats with the highest and lowest endosperm protein
perceatages are listed in Table 15, The wheats that had the highest and

lowest grain lysine (% of protein) values adjusted for percent protein



" Table 14. Mcans, coefficients of variation, T ratios, and LSD valucs for whole grain, endespern,
and b-en piovewn cnd lysine values for chock cultures in the 1973 World Wneat Collec-
tion Speocial Study nurs. oy.t

Variables Hean of check cultiveors  r=4 T F
Atlas Triurh Scout Inia Centurk Nep 1 1 CY ratio ratio LSD.05
66 64 65 66 % for for
checks reps

GP 19.0 17.4 14.5 16.4 13.9 18.5 5.83 18.36** 2.81 1.46
EP 19.2 17.5 14.4 16.6 13.5 17.8 6.00 19.12%* 4,10* 1.49
BP 19.5 18.3 16.8 17.3 17.0 24.0 5.54 27.57** 3.91* 1.57
GLS .52 .49 .43 .46 .43 .57 5.08 19, 35*=* 2.04 .04
ELS .44 .41 .36 .38 .35 .45 5.34 15.81** 1.10 .03
BLS .81 .85 .79 .79 .76 1.11 5.89 26.58*%* 1.06 .08
GLP 2.76 2.83 2.99 2.83 3.12 3.09 3.00 12.00** 2.57 .13
GLP adg for

P&SE 2.86 2.90 2.97 2.88 3.04 3.18 2.27 12,94** 1.46 .10
CLP adj for P 2.87 2.88 2.91 2.83 3.01 3.18 2.36 14.,08** 1.74 .10
ELP 2.32 2.36 2.51 2.32 2.64 2.54 3.79 8.22** 5.87** (14
ELP adj for P 2.44 2.42 2.44 2.34 2.53 2.61 3.15 6.06** 4.28* 12
BLP 4.20 4.68 4.76 4.59 4.48 4.64 3.12 7.75** 10.69** .21
BLP adj for P 4.22 4.67 4.71 4.54 4.44 4.76 3.05 8.67** 9,28% 2]
% of Kernel P

in E 80.4 81.9 82.5 83.1 79.9 76.2 72  T73.56** .86 .87
% of Kernel ’

Lin E 69.3 69.3 71.2  71.2 69.9 63.7 1.62 24.64** 3.77* 1.69

*,** Indicate significance at the .05 and .01 levels of probability respectively.
+ Abbreviations: G = grain; E = endosperm; B = bran; P = % Protein; LS = lysine
(% of sample); LP = lysine (% of protein). .
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and percent cndosperm are listed in Table 16. The‘wheats that had the
highest endosperm lysine (% of protein) values adjusted for percent pro-
tein are listed in Table 17. The wheats listed in these tables weresnstj
replicated. LSD values from the analysis of variance of the check
varietics can be used as estimates of statistical éifferences among -

the World Collection wheats for protein and lysine content.

Thero acre significant differences among the World Collection
wheats for cndosperm protein content. Wheats with high endospfrm per=
centages differ by seven percentage points from those with low endosperm
protcin perceatages. The wheats with high endosperm protein percentages
are cqual to Atlas 66 in endosperm protein content. Some of the endo-
sperm protein values are slightly highe? than whole kernel protein per-
centagos. The differences, however, are within the range of laboratory
cxporlmental error.

Thero are also significant differences among*thg World Collection
whoats for grain lysine (% of protein) adjusted for percent protein and
perccat endosperm and for endospgrm lysine (% of protein) adjusted for
percent protein. Seven wheats are in the top 15 of each group. The
range between the top 15 and bottom 5 wheats for adjusted grain lysine
(% of protean) is 0.6 of a percent. The range betweéen the top 15 and
boitem 5 wacats for adjusted endosperm lysine (% of protein) is 0.4 oﬁ
a percent. Wheats with the highest adjusted grain'lysine percentages
have adjusted grain lysine values as high or higher than the adjusted’
grain lysine percentage of Nap Hal. World Collection wheats with the
nichest adjusted cndosperm lysine percentages have higher adjusted

endosperm lysine percentages than Nap Hal,



Table 15. Vhole kernel, endosperm, and bron protein znd lysine values of Yorld Collection
Wheats fron the 1975 Yune nursery that had the hig~est and lo-est encdosperm protc’'n
content ¢{ the vheats fractiorated.¥

Vhole Lkeinal Endospernm Bran
ady adj adj
C1/P1 Rank lysine  1lysine lysine  lysine lysine 1ysine
% % of % of % % of % of % % of % of

protein protcin protein protein protcin protcin protein protcin protein

9053 1 20.9 2.54 2.64 21.0 2.34 2.53 21.7 3.23 3.30
6225 2 19.8 2.86 3.01 20.9 2.42 2.60 20.5 4.63 4.67
192014 3 21.0 2.86 3.08 20.8 2.20 2.38 21.2 4.13 4.19
5022 4 20.1 2.66 2.84 20.8 2.23 2.41 19.8 4.35 4.37
285812 5 20.3 2.79 2.97 20.2 2.39 2.55 23.0 4.32 4.42
8681 6 19.8 2.89 3.02 20.2 2.39 2.55 21.5 4.20 4.26
166788 7 20.0 2.81 2,92 20.0 2.30 2.4° 20.6 3.95 3.99
284666 8 20.2 2.83 3.01 19.9 2.46 2.60 21.5 4.20 4.26
191961 9 19.2 2.83 2,98 19.8 2.35 2.49 19.5 4.73 4.74
295350 10 19.6 2.93 3.01 19.7 2.42 2,56 21.2 4.16 4.22
166875 11 20.0 2.62 2.76 19.6 2.31 2.44 24.4 3.89 4.03
167680 12 19.8 2.75 2.88 19.5 2.22 2.35 22.6 4.18 4.27
192290 13 19.5 2.64 2.81 19.5 2.16 2.29 22.4 4.34 4.43
298580 14 19.1 2.60 2.75 19.4 2.14 2.26 20.5 4.28 4.32
254077 15 19.1 3.07 3.23 19.3 2.58 2.70 20.3 4.43 4.46
166292 125 ° 13.4 2.96 2.79 12.3 2.42 2,28 18.1 4.82 4.80
142521 126 12.1 3.23 3.00 12.0 3.08 2.92 13.6 4.09 3.95
135044 127 12.3 3.14 2.92 11.9 2.55 2.39 15.2 4.64 4.54
135076 128 12.5 2.96 2.79 11.8 2.53 2.37 18.6 4.65 4.64
268449 129 12.4 3.27 3.14 11.6 2.77 2.60 16.5 4.72 4.66

* Whole kernel adjusted lysine adjusted for grain % protein and % endosperm.
Endosperm adjusted lysine adjusted for endosperm $ protein.
Bran adjusted lysine adjusted for bran % protein.
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Table 16. Vhole lernel, endospert, eud bren proveir and lysine valies of World Collection
Ineats frow the 1973 Yuna nursery that ked the highest and lowest grain lysine (% of
pretein) veolues adjusied for % protein and % cndosperm of the vheris {raciionated.*

I'hole 1erncl Erdosperm Bran
i ad) ad) adj
C1/P1 Rank lysine  lysine lysine 1lysine lysine 1lysine
% % of % of % % of % of % % of % of

protein protein protein protein protein protein protein protein protein

10907 1 17.2 3.27 3.30 16.9 2.37 2.40 18.7 4.20 4.19
176217 2 18.2 3.21 3.29 17.1 2.49 2.52 24 .4 4.54 4.68
162008 3 l6.8 3.24 3.25 16.6 2.56 2.58 20.6 4.85 4.89
6616 4 16.7 3.25 3.24 16.4 2.73 2.74 19.7 4.73 4.74
245604 L3 15.9 3.27 3.23 15.2 2.86 2.83 19.8 4.28 4.30
254077 6 19.1 3.07 3.23 19.3 2.58 2.7v 20.3 4.43 4.46
283832 7 16.4 3.17 3.15 16.5 2.65 2.67 18.4 4.41 4.40
225244 8 15.6 3.16 3.14 15.1 2.54 2.50 19.0 4.56 4.56
109368 9 14.6 3.19 3.14 14,0 2.60 2.52 20.3 4.64 4.67
268449 10 12.4 3.27 3.14 11.6 2.77 2.60 16.5 4.72 4.66
166859 11 16.5 3.16 3.14 15.4 2.38 2.35 21.2 4.23 4.29
3342 12 15.9 3.12 3.14 15.5 2.70 2.68 19.3 4.60 4.61
272427 13 17.0 - 3.09 3.13 16.6 2.62 2.64 18.8 4.31 4.31
13792 14 19.1 2.93 3.12 18.1 2,55 2.63 24.3 4.13 4.27
6192 15 14.0 3.15 3.12 13.3 2.54 2.43 18.4‘ 4.73 4.72
182563 125 16.4 2,62 2.62 16.3 2.29 2.30 18.6 4.49 4.48
151202 126 14.5 2.65 2.60 14.1 2.35 2.27 16.3 4.76 4.69
9393 127 17.5 2.56 2.58 17.4 2.25 2.30 21.0 4.44 4.49
125387 128 15.7 2.59 2.57 15.4 2.41 2.38 18.6 4.34 4.33
9050 129 13.7 2.71 2.53 13.6 2.50 2.40 13.8 3.84 3.71

* Whole kernel adjusted lysine (% of protein) adjusted for grain % protein and % endo-
Sperm. Endosperm adjusted lysine (% of protein) adjusted for endosperm $ protein.
Bran adjusted lysine (% of protein) adjusted for bran % protein.
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Table 17. Whole lcruel, enldospurn, nnd bran protcin and lysine values of World Colleztion
¥ncats fro» the 1973 Yuaa nursesy tlet had the highest and lovw.st endospern lysine
(% of protein) vrlucs adjusted for endorpern % protein of the wheats fiactionated.

1olc leined . Endospewn Eran
adj adj adj
CI/pPi1 Rank lysive  lysirg lysinz  lysino lysine lysine
% % of % of % % of % of % % of % of

_protcin _ protein prot.-1 protewn protels p_ntein protein protean protein

142521 1 12,1 3.23 3.00 12.0 3.08 2.92 13.6 4.09 3.95
245604 2 15.9 3.27 3.23 15.2 2.86 2.83 19.8 4.28 4.30
298587 3 14.6 3.27 3.05 14.5 2.86 2.80 16.4 3.90 3.83
254829 4 15.5 3.16 3.04 14,8 2.82 2.77 18.5 4.45 4.44
6616 5 16.7 3.25 3.24 16.4 2.73 2.74 19.7 4,73 4.75
254077 6 19.1 3.07 3.23 19.3 2.58 2.70 20.3 4.43 4.46
3342 7 15.9 3.12 3.14 15.5 2.70 2.68 19.3 4.60 4.61
174702 8 15.5 3.20 3.12 15.1 2.71 2.67 18.7 4.56 4.55
283832 9 16.4 3.17 3.15 16.5 2.65 2.67 18.4 4.4]1 4.40
272427 10 17.0 3.09 3.13 16.6 2.62 2.64 18.8 4.31 4.31
192738 11 17.7 3.04 2.86 17.9 2.57 2.64 19.3 3.49 3.50
10003 12 17.7 2.99 3.07 17.5 2.58 2.63 18.2 4.29 4.27
13793 13 19.4 2.81 2.99 15.0 2.52 2,63 23.6 4.18 4.30
13792 14 19.1 2.93 3.12 18.1 2.55 2.63 24.3 4.13 4.27
306513 15 15.2 3.15 3.08 14.4 2.69 2.63 18.1 4.41 4.39
166474 125 15.8 2.70 2.70 15.9 2,23 2.22 19.3 4.35 4.36
6523 126 17.4 2.56 2.66 17.1 2,18 2.22 18.5 4.34 4.33
7514 127 17.4 2.67 2.70 16.4 2,20 2,21 19.6 4.20 4.22
166877 128 13.6 2.93 2.83 12,7 2.34 2.21 16.6 4.66 4.60
245539 129 15.8 2.70 2.71 15.9 2.19 2.18 18.7 4.39 4.38

* Whole kernel adjusted lysine (% of protein) adjusted for grain % protein and % endo-
Sperm. Endosperm adjusted lysine (% of protein) adjusted for endosperm % protein.
Bran adjusted lysine (% of protein) adjusted for bran $% protein.
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Parents and Progenies of High Protein and/or High Lysine Crosses

Grain, endosperm, and bran protein and lysine mean and range values
for the parents and progenies of three high protein and/or high lysine
crosses are listed in Table 18, The relationships among grain, endosﬁerm,
and bran samples for protein and Iysine content are the same as for the
World Collection wheats. The mean grain, endosperg, and bran protein and
lysine values of the parent and progeny rows are higher than those of the
World Collection wheats listed in Table 8.

Corrclation coefficients for grain, endosperh, and bran protein~
and lysine for the parent and progeny rows are listed in Table 19. The
relationships are similar to those of the World Collection wheats with
a few cxceptions. Grain lysine (% of sample) and endosperm lysine (% of
saziple) zare negatively correlated to their respective lysine (% of pro-
tein) values for the parent and progeny rows. In the parent and progeny
rows, the negative correlations of percent endosperm with grain percent
protein and grain lysine (% of sample) are larger than for the Wor;d
Collcction wheats. The correlation of percent endosperm with grain
lysine (% of protein) is positive for the parent and progeny rows.

The standard partial regression coefficients for whole kernel
protein and lysine content for the parent and progeny rows listed in
Table 20 are similar to those of the World Collection wheats., Endosperm
lysinc (% of protein) had a larger effect on grain lysine (% of sample)
for the VWorld Collection wheats than it had for the head rows. Although
the corrclation of percent endosperm with lysine (% of protein) for the
parent and progeny rows was positive, its standard partial correlation |

coefficient is negative.
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Table 18. Means, Range values, and standard deviations for whole grain,
endosperm, and bran protein and lysine percentages for 176
parent and progeny rows of three crosses from the 1973 Yuma,

Ariz. nursery.

Variable Mean Range Standard

deviation

% Protein \
Whoie gzroin 18.0 11.6 - 24,2 3.16
Indospern 17.4 10.5 - 23.6 3.34
Bran 22.1 15.1 - 26.7 2.10

Lvsane (5 of sample)

“Thoic grain .55 .38 - .68 .068
Encespern .45 33 - .58 .060
Bran 1.00 .71 - 1,20 .088

Lysine (% of protein)

Wwole grain 3.10 2.63 - 3.66 +235
Endosparn 2,65 2.23 - 3,26 + 227
Bran 4.53. - + 220

* Bran includes the germ.
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Table 19. Correlation coefficients for whole grain, endosperm, and bran
protein and lysine percentages for 176 parent and progeny
vows of three crosses from the 1973 Yuma, Ariz. nursery.*

Varicble Whole kernel Endosperm Bran %
LS Lp P LS LP p LS LP END
Whosie lernel
% protein 04N < B2*F QOWN 94w w . gowk 7NN 47wk _ SAww _ Tiwe
Lysine (% ' ,
of sample) = 58%F  ,2%% [ 93%% . 68%* ,B0%T ,63%% -, 44w . 740w
Lysine (%
of protein) ~.83%% -, 69%% ,85%% . 36** . 08 91 LAY AL
Endosperm
» prolean J94%E L B4ww G7WR  43%% | 54w
Lysine (%
of sample) «.60%* [T1I%*  48%*W . 54w
Lysine (% ot
of protein) 44%T o 247 44w
Bran
% protein «86%% o 40%*
Lysine (%
of sample) .11

*,** Indicates significance at the .05 and .01 levels respectively.
* Abbreviations: P = % protein; LS = lysine (% of sample);
LP = lysine (% of protein); % End = & dndospern,
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Table 20. Standardized partial regression coefficients for whole kernel
protein and lysine content and the coefficients of determina-
tion from the regression analysis of 176 parent and progeny
rows of threc crosses grown at Yuma, Ariz, in 1973.*

Depenaent Independent Standardized Coefficient of
variables variables partial determination
regression for regression
coefficients model
whole kernel % endosperm % protein .9274 «9914
zotein bran % protein .0705
% endosperm -.0280
whole kernel endosperm % protein .8768 9415
lysine (% of endosperm.lysine (% .1755
sample) of protein)
bran % protein 02752
bran lysine (% of .1188
protein)
% endosperm -.1088 '
whoic hernel endosperm % protein -.6310 .8453
lysine (% of endosperm lysine (% .4005
protein) of protein)
bran % protein + 2452
bran lysine (% of .2122
protein)
% endosperm -,1269

¥ All partial regression coefficients are significant at the

.01 level.
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Correlation coefficients for graip, endosperp, and bran protein
and lysine percentages for the parent and progeny rows of the Nap Hal x.
Atlas 66 population and for the parent and progeny rows of the Nap llal X
CI 15449 population arc listed in Table 21. In general, protein and
lysine correlations within each population are similar and they corre-
spond to the protean and lysine correlations of the World Collection
vhcats and to the entire set of head row wheats. Howeve?, the correla-
tions of the Atlas 66 x Nap Hal population differ in magnitu&e from the
correlations of the Nap Hal x CI 13449 population.

Protein and lysine relationships within the Nap llal x Atlas 66
populataon differed from those within the Nap Hal x CI 13449 population.
Bocauso of these differences, each of the three sets of parent and pro-
geny rows were analyzed separately using regression procedures. The
sccond degree polynomial model provided a slightly better fit than the
linear rodel for the regressions of grain lysine (% of sample) and grain
lysine (% of protein) on grain percent protein for the Nap Hal x Atlas 66
population. However, there was no practical difference between the two
models. [Excluding the Nap Hal x 8156 group, the linear regression models
for the regression of grain, endosperm, and bran lysine (% of sample) and
lysine (% of protein) values on their respective protein percentages pro-
vided the best fit. The linear regression of bran lysine (% of protein)
on percent protein was not significant for the Nap Hal x Atlas 66 group.

The Nap llal x CIMMYT 8156 group consisted of only twelve progeny
rows and six parent and chech rows. This is a limited sample for re-'
gression analysis. The regressions of lysine (% of sample) values on

their respective protein percentages were significant but the regressions
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Table 21, Correlation coefficients for whole kernel, endosperm, and bran
protcin and lysine percentages for 94 parent and progeny rows
of the Nap Hal x Atlas 66 populations (a) and for 64 parent
and progeny rows of the Nap Hal x CI 13449 populations (b)
groxn at Yuma, Ariz, in 1973,

whole hernol endosperm bran
lysing 1lysine lysine
Variable »of % of % % 0f % of % % of % of

sample protein protein sample protein protein sample protein

Whole [ ernel

% protein D0TT . 53w gBwE  gg%w L 47%w  gamk  doww  _ Zoew
COL¥E o 67 99WR  g4ww L 66 Be** 61v% . G4ww
lysinc (% -.11 JB6**  ,86%% ., 25%w  76ww  GOww  _ 21w
of sawple) -, 31% <BBYY  ,BO%* o 48%r 87w 76wr  _ 45w
lysine (5 -, 56%* -, 34 ST ., 09 .13 40
of protein) =.60%* «. 56%*  ,68%* ..41%* . 04 664
Endospern .
“% protein J8O%* - 48%%  ,60%* ,38%* . 36%*
o94%h ., 60%F  ,B4%W  58%W% . G4ww
lysine (% -.04 LA ) L L N { 1
of sarple) =.41%*  B6** ,65%**  ,58**
lysine (5 = 31%* . 24 ! .09
of protein) = 46%* -,21 ° ,52%v.
Bran
s protein 85% .17
83%% . 58w
lysine (% ' 36%*
of sample) -.03

*, ** Indicates significance at .05 and .01 levels respectively,
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for lysine (% of protein) were not. The means of the independent and
dependent variables, regression coefficients, and intercept values for
the linear regrossion models for all three sets of parent and progeny
rows are listed in Table 22, |

Tho regression coefficients listed in Table 22 were used to adjust
grain, endosperm, and bran lysine values of the Nap Hal x Atlas 66 and
Nap Hal x CI 13449 sanples to the mid-parent protein level for each '
group. Nap ial x Atlas 66 bran lysine (% of protein) values were not
adjusted. The mid-parent values were used instead of mean values because
the progeny rows of each group included segregates for grain, endosperm,
and bran protein content. The Nap Hal x CIMMYT 8156 parent and progeny \
row lysinc values were not adjusted for percent protein because the
limited size of their sample precluded precise regression analysis,
Whole kernel lysine values were not adjusted for percent endosperm.

The correlation coefficients for grain, endosperm, and br;n pro-
tewn and adjusted lysine values for the Nap Hal x Atlas 66 and Nap Hal x.
CI 13449 populations are listed in Table 23. The coefficients for the ,
correlation of grain and endosperm adjusted lysine (% of sample) values
with their respective adjusted lysine (% of protein) values were large .
(r = 0.99 to 0.96). The coefficient for the correlation of Nap Hal x
CI 13449 bran adjusted lysine (% of protein) with bran adjusted lysine
(% sample) was r = 0.99. The coefficient for the correlation of adjusted
bran lysine (% of sample) with unadjusted bran lysine (% of protein) for
the Nap Halx Atlas 66 samples was r = 0,98,

Correlations between grain and endosperm protein percentages were

high (v = 0.98 and 0.99) for both the Nap Hal x Atlas 66 and the Nap Hal



Table 22. Means, repression cocfficients, 't!' values for the regression coefficients, and
intercept values for the 1egiession of lysine (% of sarple) and lysinc (% of
protein) on % protein for parent and propcny rows of the crosses Nap Hal x Atlas

66, Nap Hal x CI 13449, ond “ap Hil x CIIItYl 8156 *

Population Dependent Inde: ndent Mean Regression 't! Intercept Dependent Coefficient
variable variable Indepcrdent Coc{ficient value vaiiable of determi-
variable riean nataion (rz)
Nap Hal x GLS GP 20.33 . 0226 19.52** .1325 .59 .8055
Atlas 66 GLP GP 20.33 -.0341 -6.06** 3.6299 2.94 .2851
n=94 ELS EP 19.89 .0197 19,02** .0964 .49 .7972
ELP EP 19.89 -.0269 -5.28** 3,030 2,48 .2327
BLS BP 22.84 .0406 15.66**  .0846 1.01 L7271
BLP BP 22.84 -.0197 -1.74 4,9043 4.45 .0322
Nap Hal x GLS GP 15.26 .0236 17.25** (1417 .50 .8275
CI 13449 GLP GP 15.26 -.0628 -7.18** 4.2882 3.33 .4541
n=64 ELS EP 14.49 .0212 21.44** 1032 .41 .8812
ELP EP 14.49 ~.0524 -7.61** 3,6364 2.87 .4828
BLS BP 21.66 .0311 11.57**  .3165 .99 .6836
BLP BP 21.66 -.0685 -5.64** 6,0917 4.61 .3398
Nap Hal x GLS GP 15.21 .0287 8.73**  ,0420 .48 .8265
CIMMYT 8156 GLP GP 15.21 -.0176 -.82 3.4413 3.17 .0408
n=18 ELS EP 14.56 .0299 16.29** -,0381 .40 .9431
ELP EP 14.56 .0143 .94 2.5496 2.76 .0525
BLS BP 19.99 .0492 15.27** -,0575 .92 9358
BLP BP 19.99 .0190 1.15 4.2638 4.64 .0769

+ Abbreviations: G = Whole grain; E = Endosperm; B = Bran; P = % Protein; LS = Lysine
(% of sample); LP = Lysine (% of protein).
*,** Indicates significance at the .05 and .01 levels of probability respectively.
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Table 23. Correlation cocfficicnts fer wholo hernel, cadospern, and bran protein and adjusted
lysine percentagces for $4 parcat znd prereny rous of the Kap llal x Atlas 66 popula-
tion () and for 6% parcat and prigeny ro:s of the Nap Hal x CI 13449 populat.ion
(b) g10 n 2t Yuwa, Ariz. in 1973.

vhole Ferncl endospein bran unadj.
adjusted lysine adjusted lysine adjusted lysirne 1lysine

Variable % of % of % % of % of % % of % of % of

sarple protein protein sariple protein protein sanple protcin protein
whole kernel
% protein (a) .00 .00 .98%* .01 .01 «69** o 25% -.35**
®) .00 .00 .99** .05 .04 .86** -.18  -.17
adj. lysine (a) 99** -.04 JA2%* 4] . 32%* S 32*%* .25*
(% of sample)(b) L98** .04 35%* 35%* .20 56*% G4**
adj. lysine (a) -.04 B2r* JA41%* s 33%% «32% < 26*
(3 of proteinXb) -.03 J38%* 4] .24 «S5** [ 54r+
endosperm ’
protein (a) .00 .00 <60** - 26%* - 36%*
(b) .00 .00 .84 .20 -.19
adj. lysine (a) . 9B** .01 -.09 -.08

(% of sample)(b) 96 .19 .22 .24

adj. lysine (a) -.02 -.11 -.09

(3 of protein)b) .18 .22 .25*

bran

% protein (a) .00 -.18
(d) .00 .00

adj. lysine (a) - = .98**

(3 of Sadple) (b) 99**

*,** Indicates significance at

the .0S and .01 levels respectively.
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x CI 13440 populations. The coefficient for the correlation of grain
lysine (% of sample) with endosperm lysine (% of sanﬁle) was r = 0.86 for
the Nap Hul x Atlas 66 samples and r = 0.89 for the Nap Hal x CI 13449
samples (Table 21). The coefficients for the correlation of grain and
endospern adjusted lysine (% of sample) was r = 0.42 for the Nap Hal x
Atlas 65 sarples and r = 0,35 for the Nap Hal x CI 13449 samples. Adjust-
ang lysine (% of protein) values also decreased the size of the correlation
coefiicients for the correlation of grain and endosperm lysine (% of pro-
tein) for both populations.

Whole kernel, endosperm, and bran protein and lysine values for
the parcnt and progeny rows of the Nap Hal x Atlas 66 population are
listed in Table 24. Mean values are listed for the parent and check
varietics. The coefficients of variation and LSD values were obtained

fron the analysis of variance of the parent and check rows. The listed

~ X

progeny ross arc representative of the protein and lysine segregates

Vv

obtained frc.. the cross. Protein an&\{?sipp values for the parent and
sclected progeny rows of the Nap Hal x 61‘{3449 and Nap Hal x CIMYT .
8156 crosses aro listed in Tables 25 and 26 résﬁactively.

Atlas 66 and Nap Hal have high grain protei;\content. Atlas 66
has high endosporm protein content while Nap Hal has both high endosperm
and high bran protein content. Transgressive segregation was obtained
for both high and low grain protein content., The low protein progeny
wheats had endosperm protein percentages that were 3 to 4 percentage
points lower than the endosperm protein content of either parent, The

high protein progeny rows had endosperm protein percentages 2 to 4 per-

centage points higher than either parent. None of the low‘grotein<



Table 24. Whole her =1, calozporn, ar' boen pretein and lvsine values, 103 boruel veights, % endo-
spern of s ple, % of hex»2l pretein 1n enlospeoa, ord S of lerncl lysins in ersospern
for parer., check, and pre_cay ro s of Rap Il x Atles €6, Ce-fficicnts of veriation
and LSD values obtaincd fiem the orclysis of varience of the porcat ord cheek rovs.”

% ¢ [{a 071—
Parcatal/ Yeriel kernel
check lines Whole Keinel Endospern Bran 10D % P in lysaine
n=3 p LP AL P Lp ALP P LP KT EMND E'D in END
Centuil, 15 47 2.8 2.8% 15.00 2.52 2.41 19.60 /.4 3.65 &7r.0 83.7 74.1
tlas 66 19.43 2.80 2.80 19.33 2.46 2.46 19.80 4.41 3.63 83.1 82,7 72.8
Nap Hal 19.57 3.09 3.09 18.97 2.52 2.51 24.46 4.57 2.66 83.2 79.3 67.7
Coczfficient of
variation % 2.72 1.52 1.51 2.53 2.32 2.28 2.43 7.16 3.32 0.74 1.20 2.00
LSD.05 .99 .09 .G9 80 eeee meee 1,03 == 0.22 1.25 1.96 2.86
Progeny row
number - -
10286 16.3 3.05 2.94 15.7 2.63 2.54 19.4 4.55 2.55 85.1 82.2 72.7
12333 14.4 3.02 2.84 14.1 2,70 2.56 19.2 4.47 3.61 87.4 83.6 75.6
15138 24.2 2.81 2.97 23.6 2.34 2.45 25.8 4.40 2.90 82.5 81.2 69.6
11982 20.0 3.12 3.14 19.1 2.37 2.36 25.4 4.58 2.82 84.8 80.7 68.3
15168 21.0 2.79 2.84 21.3 2.25 2.30 21.9 4.51 3.01 83.1 82.7 70.7
11026 19.6 3.04 3.04 18.7 2.48 2,47 25.2 4.54 3.10 82.3 77.6 65.3
14329 20.7 2.63 2.67 19.9 2.25 2.26 21.8 4.38 2383 84.9 83.7 72.2
15252 20.0 3.05 3.06 19.6 2.69 2.70 22.7 4.27 3.20 82.6 80.4 72.0
11481 20.5 3.04 3.07 21.0 2.76 2.81 21.8 4,52 3.20 83.5 83.0 74.6
10078 23.3 2.72 2.83 20.9 2.74 2.78 25.5 3.98 2.75 84.0 8l1.1 74.8
12546 21.6 2.79 2.86 21.3 2.40 2.45 23.1 3.91 2.85 82.7 81.6 73.1
12120 23.6 2.88 3.02 23.2 2.45 2.56 26.7 4.51 3.50 83.0 80.9 69.8

Adjusted lysine values obtained by adjusting lysine (% of protein) values to mid-parent
protein level using linear regression model for this population. Abbreviations: P = %
protein; LP = lysine (% of protein); ALP = lysine (% of protein) adjusted for % protein;
XWT = kernel weight; End = Endosperm. LSD values listed only when 'F' ratio from the
analysis of variance was significant at the .05 level.

921
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segregates had bran protein percentages as high as Nap Hal. All 65 the
high protein segregates had the high bran protein content of Nap Hal.
Progeny rows with parental endosperm values had bran protein values that
were similar to esther the Nap Hal or Atlas 66 parent or were intermedi-
ate to them.

Nap Hal had higher grain adjusted lysine (% of protein) than
either Atlas 66 or Centurk. Nap Hal also had higher endosperm and bran
lysine (% of protein) but the mean differences were not significant,
Some of the progeny rows had endosperm adjusted lysine (% of protein)
perceatages wnich were lower than the adjusted lysine percentages of
cither parvent. Other rows such as 15252, 11481, and 10078 had endosperm
adjusted lysine percentages which were considerably higher than the endo-
spera adjusted lysine percentaﬁe of Nap Hal., Some of the progeny rows
nad bran lysine (5 of protein) values which were lower than those of
exrther parcne.

Most of the progeny rows had grain adjusted lysine percentages
wkich were intermodiate to the parental values. Some of the progeny
rows such as 14329 had grain adjusted lysine values which were lower
than the Atlas 66 adjusted lysine percentage. These wheats had lower
endosperm zdjusted lysine values than either parent. Some of the
pregeny rows had grain adjusted lysine values which were as high as
that of Nap Hal, |

Progeny rows 15252 and 11481 had high grain lysine percentajjes be-
causo of the high lysine content of their endosperm proteins, Although
progeny row 10073 had high endosperm lysine (% of protein) content, it

¢id not have high grain lysine (% of protein) content because of the
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low lysine content of its bran proteins. The progeny rows 11982 and
11026 had grain adjusted lysine (% of protein) values equivalent to that
of Nep lal. Theair endosperm adjusted lysines percentages are lower than
Nap Hal's adjusted lysine percent but their bran protein content is the
same as the bran protein content of Nap Hal.

The head rows of each cross were grown in separate blocks within
the head row nursery. Tho protein percentages for Nap Hal and Centurk
ToWs were lower in the Nap Hal x CI 13449 blocks of the head row nursery
than in the Nap Hal x Atlas 66 blocks. Direct comparisons should not be
made between the Nap Hal x Atlas 66 and Nap Hal x CI 13449 progeny row
protein &nd lysine percentages because of the mean protein differences
between the two areas of the nursery. Comparisons can be made by come
parang progeny row protein and lysine percentages to the mean percentages
of thc Centurk and Nap Hal rows that were grown with each group of head
rows. Nap Hal was four percentage points higher than Centurk in grain
protein coatent in both arcas of the head row nursery.

The CI 13449 wheat sample used in this study was not grown in the
head row nurscsy. It was grown in an adjacent nursery. When CI 13449 is
grown in the same nursery as Nap Hal, it averages 4-5 percentage points
lower in protcin than Nap Hal.

Altheugh CI 13449 is not known to possess genes for high grain
protein content, some of the Nap Hal x CI 13449 head rows had higher
grain, cndospeim, and bran protein percentages than Nap Hal. Most of
the progeay rows had lowor grain and endosperm protein percentages than
Nap Hal. Approximately half the Nap Hal x CI 13449 hegd rows had bran

protein percentages as high or higher than Nap Hal,
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Loole Lern2?, ernf cad b partesy 2id lyare values, 100 1orpel weights,

]

% emdospotiiof so Lle, % 0 lesrll protcin Suoc dasperi, and % of Jooncel lysine

in erdosy o for pient, cbsel, ol prosony 10 5 of "ip Pl x CT 13%40  Coo-l.icients

of verinson ¢) IS0 velves obeowreld {50 e “lysis ol veriarz. of tle pouient and

cl.chLiovs,®

% %
Parcatel/ }ernel Leimnel
checkh lincs _ Waole lerrsl Endorp-mn _Bran . 1co % P in  1lysine
n=2 P Lp ALY p Lv e P Ly ALY T b 1D in END
Centurh 12.75 3.16 2.9¢ 12.00 2.80 2.72 16 25 4,&8¢ 4.56 $./8 87.9 ta.5 76.0
Nap Hal 16.15 3.20 3.22  15.15 2.86 2.87 21 90 4.76 4.84 2.72 85.5 803 71.0
CI 13449 15.55 3.14 3.12 14.55 2.83 2.81 19.65 4.44 4.36  2.21 83.1 73.4 69.C
CvV % 6.63 3.35 1.76 6.31 3.81 2.44 5.97 2.11 0.48 7.42 .35 .25 1.07
LSD 2.31% - JA7E* 2.08* e ———— 3.66%0.31%% 0.07%> _.38%% _06%Y _65** 2, 46%**
Progeny
row
nunber
15958 14.5 3.30 3.21 13.7 2.87 2.81 21.4 4.27 4.31 2.98 84.6 77.9 70.2
16551 11.8 3.65 3.40 10.8 3.11 2.89 19.2 4.62 4.51 2.24 85.5 76.8 68.8
16240 19.9 3.14 3.39 19.7 2.68 2,93 25.5 4.28 4.60 2.62 84.7 81.0 72.5
16900 19.4 3.35 3.57 18.5 2.73 2.92 25.4 4.56 4.87 2.92 83.1 78.1 68.1
16593 11.6 3.66 3.39 10.5 3.26 3.03 19.3 5.00 4.89 2.31 85.7 76.5 68.0
18640 16.8 3.41 3.46 15.6 2.98 3.01 24.9 4.69 4.97 2.51 83.5 76.0 66.7
16691 16.1 3.30 3.32 15.3 2.59 2,61 22.4 4.54 4.65 3.15 85.5 80.1 69.5
16686 14.2 3.49 3.39 13.6 2.96 2,89 20.9 5.03 5.03 3.42 85.8 79.7 69.7
16681 14.9 3.48 3.42 14.4 2.95 2.93 21.4 5.09 $.13 3.49 85.9 80.4 70.3
15958 14.5 3.30 3.21 13.7 2.87 2.81 21.4 4.27 4.31 2.98 84.6 77.9 70.2
15986 13.7 3.25 3.11 13.3 2.84 2.75 20.8 4.47 4.47 3.10 85.8 79.5 70.9
16946 16.5 3.24 3.28 15.6 2.63 2.67 22.6 4.59 4.71 3,10 84.3 78.7 68.0
*,*: Indicates significance at the .10 and .05 levels respectively. h

Adjusted lysine values obtained by adjusting lysine (% of protein) values to mid-parent
protein level using linear regression model for this population.

LSD values listed only when 'F' ratio from the analysis of variance was significant at
the level indicated. Abbreviations: P = % protein; LP = lysine (% of protein); ALP =
lysine (% of protein) adjusted for % protein; KWT = kernel weight; END = Endosperm.
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Nap Hal and CI 13449 had higher grain adjusted lysine percentages
than Centurk. Endosperm adjusted lysine percentages of Nap Hal and CI
13449 also were hagher than the endosperm lysine percentage of Centurk
but the mean differences were not statistically significant. Nap Hal'
had higher adjusted bran lysine than either Centurk or CI 13449,

There was evidence of transgressive segregation for whole grain,
endosperm, and bran adjusted lysine (% of protein). Forty~-two rows had
grain adjusted lysine percentages larger than the grain adjusted lysine
percentage of Nap Hal and two had grain adjusted lysine percentages
smaller than the grain adjusted lysine percentage of CI 13449. Twenty-
five of the progeny rows had endosperm adjusted lysine values larger than
the endosperm adjusted lysine value of Nap Hal. Twenty of the progeny
Tows had cndosperm adjusted lysine percentages smaller than the endosperm
adjusted lysine percentage of CI 13449. Nap Hal and some of the head
rows had bran lysine (% of sample) values as large as 1,0%.

Nzp Hal had higher grain, endosperm, and bran protein percentages
than Centurk or CIMMYT 8156. The grain, endosperm, and bran protein
percentages of the Nap Hal x CIMMYT 8156 progery rows were withiﬁ the
pareatal protein range. Some of the head rows had grain and endospernm
protein percentages almost as large as those of Nap Hal, Most of the -
progeny bran protein percentages were at the mid-parent level.

The lysine values of Nap Hal x CIMMYT 8156 samples were not adjus-
ted for percent protein. Nap Hal has unadjusted grain and endosperm
lysine (% of protein) values that are as high or higher than those of
Centurk and CIMMYT 8156 even though Nap Hal is,coﬁﬁiderably higher gn

protein content than the other wheats. Progeny roﬁsjsuch as 19016,
. -



Table 26.

VWhole kernel, e-.dosperm, and bron p: tein and
1n

% cndospern of sample, % of keinel proter.

endosperm for parent, chec}, onf progeny rous
of variation aad LSD values obtained fron the
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Iysine values, 100 Lern.l weights,

endorpor.s

of Nap Hal > CT}MWYT 8156.
analysis of va.i nc. of parunt and

and % of kerncl lysine in

Coefficients

100 S& ] - el

Parcatal/ HWhole kernel pr 1 % kernel
check lines _ kerrel Endosperm Bran weight % in lysine in
n-2 p LP p LP P LpP (g) endosperm en_ocpzim  endosperm
Centurk 13.20 3.20 12.7¢ 2.81 16.95 4.66 3.65 87.6 £:.1 75.9
Nap Hal 17.05 3.17 16.30 2.83 22.40 4.70 2.49 85.1 7.6 11.4
CIMMYT 8156 12.80 3.06 12.65 2.74 16.20 4.42 3.92 87.4 ‘4.4 76.7
Coefficient of

variation (%) 1.63 2.49 2.71 3.73 2.22 2.74 2.77 .60 1.07 1.52
LSD.05* o785 2eee 1,20 ===  1.31 -e-- 30 1.66 2.82 3.60
Progeny row N
number

19165 13.7 3.36 12.6 2.66 19.4 4.81 3.42 85.5 79.3 67.7
19170 14.5 3.25 13.7 2.55 20.2 4.84 3.79 86.4 81.2 69.6
18932 1.2 3.12 14.5 2.78 21.0 4.80 3.36 85.3 80.1 69.9
19010 15.0 3.53 14.5 2.85 20.5 4.93 3.18 86.7 82.2 72.6
19704 16.2 3.15 15.3 2.80 21.8 4.54 2.51 84.4 " 79.1 69.6
19754 -16.6 3.17 15.8 2.82 22.6 4.60 2.58 83.8 78.3 68.6

* LSD values listed only when 'F' ratio from the analysis of variance was significant
at the .05 level. .
P = % protein; LP = lysine (% of protein).

Abbreviations:
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19704, and 19756 are 2 to 3 percentage points higher in protein content

than CI!MYT 8156. Even though they are higher in protein content their
lysine (% of protein) values are higher than those of CIMNYT 8156.

Nap Hal is a wheat of poor agronomic type while CIMMYT 8156 is a

5t s

high yielding semi-dvarf wheat. The Nap Hal x CIMMYT 8156 head TOWS

examined in this study were of good agronomic type.
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DISCUSSION

Mill Bran and Flour Protein and Lysine Content

The 70% extraction flours of the four wheats milled with the
Kansas State University pilot mill were lower in protein and lysine con-
tent than the whole grain or bran samples. Mill bran samples were higher
in both protein and lysine content than their whole grain samples. These
results agrece with tlose reported in the literature (Mill Feed Manual,
1967; Baumgarten et al., 1946; Waggle et al., 1967).

Mill bran proteins contain more of the albumin and globulin pro-
teins and less of the gliaden proteins than the endosperm (Teller and
Teller, 1932). Albumins and globulins contain more lysine and arginine
and less glutamic acid than gliadins (Simmonds, 1962; Mattern et al.,
1968)., In addition to having ; higher lysine content, bran proteins have
also becn reported to contain more arginine and less glutamic acid than
endosperm proteins (Hepburn et al., 1957; 1960; Pomeranz et al., 1966).
Wheat bran proteins are higher in lysine and arginine content than endoe
sperm proteins probably because they contain more of the albumin and
globulin proteins and less of the gliaden proteins than the endosperm.

Wheat mill bran, excluding the adherent starchy endosperm, has
several morphological layers and of these layers, only the aleurone
layer 1s high in protein content (Ferrand and Hinton, 1974; Stevens et
al., 1963). Analysis of aleurone cell contents by Stevens et al. (1963)
has shown that the aleuronc proteins are high in lysine content. The
pericarp and testa have not been analyzed for lysine content. The
aleurone layer is stained intensively by the Sakaguchi reaction which

is specific for arginine (Fulcher, et al., 1972). The other bran layers
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are not stained by the Sakaguchi reaction. This is indirect evidence -
that the aleurone cells are the storage sites of the lysine-and frginine-

1
rich proteins in wheat bran.

Bran Flour Protein and Lysine Content

Bran flour samples are higher in protein content than 70% extrac-
tion flour samples. The high protein content of the outer layers of the
starchy endosperm, particularly the subaleurone cells, has been reported
previously (Ferrand and Hinton, 1974; McDermott and Pace, 1960; Normand
et al., 1965, Pomcranz and Shellenberger, 1961). The high protein of the
bran flour sanples provides further evidence that there is a strong pro-
tein gradieat within a wheat kernel, even for wheats that are very high
in protein content.

The bran flour proteins are higher in lysine content than the 70%
oxtraction flour proteins. This indicates that the endosperm proteins
from the cuter cndosperm cells, particularly the subaleurone cells, are
higher in lysine content than the endosperm proteins from the interior
of the cndosperm, However, the results of McDermott and Pace (1960) and
Kent and Evess (1965) indicate that the proteins of the outer endosperm
cells are lower in lysine content than the proteins of the inner endosperm,

McDermott and Pace obtained samples from the exterior and interior
areas of wheat cndosperm using a micro-drilling procedure. Lysine (% of
protein) values were lower for the outer samples than for the inner
samples., McDermott and Pace used the micro-drilling procedure to avoid
contamination of cndosperm samples with aleurone cells or cell contents.
It 1s possible that the outer endosperm samples of McDermott and Pace did

not include the subalcurone cells.
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Kent and Evers (1969) obtained samples of subaleurone cell parti-
cles by air classification followed by differential sedimentaéion. The
protein content of these subaleurone cell particles was higher than the
protein content of the inner endosperm. Lysin; (% of protein) values of
the subalcurone endosperm particles were lower than the lysine (% of
protein) values of the inner endosperm. The proteins of the subaleurone
cell particles analyzed by Kent and Evers (1969) are undoubtedly low in
lviine content. However, this does not necessarily mean that all the
proteins in tne subaleurone cells are low in lysine content.

Fulcher et al. (1972) reported that inclusions in the subaleurone
cells staiaed intensely for arginine while portions of the subaleurone
cells were laigely unstained. The wheat proteins that contain the high-
est conceatrations of arginine also contain the highest concentrations of
lysine. It 1s likely that inclusions in the subaleurone cells that
stained antcnsely for arginine also contain high concentrations of lysine.
The subaleurone cell particles analyzed by Kent and Evers (1969) could
have becn from the areas of the subaleurone cells that were not stained
by the Schaguchi reaction. Subaleurone endosperm particles separated and
photegraphec by Kent (1966b) resemble the unstained areas of the sub-
aleurone cells shown in the photomicrographs of Fulcher et al. (1972).

Horn milled samples of the same wheat at two extraction rates,
71.5 and £4.9%. Protein, lysine (% of sample) and calculated lysine (%
of protein) values were larger for the 84.9% extraction flour than for
the 71.5% extraction. These results support the results of this study,
The higher lysine content of 84,9% extraction flour could have been dh;

to its having more bren contamination than the 71,5% extraction flour,

e
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Bran flour samples in this study'did not contain visible bran con-
tamination. The bran flour samples resembled defatted flour in appear-
ance and consistency. The aleurone layer of the washed bran samples was
lazgely intact and a few small pieces of endosperm could be observed ad-
hering to it. Washed bran pieces were smaller than pieces of mill bran.
Aleurone cells along the torn edges could have been torn free or open by
the washing process. Alcurone cells or aleurone cell particles could
have contaminated the bran flour by passing through the 237 micron mesh
of the si1lk scrcen used to separate the washed bran and bran flour.

The high protein content of bran flour samples is due to the high
p-otein content of the outer starchy endosperm cells. The high lysine
(% of protein) of the bran flour is due to either the contamination of
the bran flour by aleurone cells or aleurone cell contents or to a high
lysine (% of protein) content of the starchy endosperm that is not
separated from the bran by milling., The latter explanation is believed
to be correct. Contamination of subaleurone endosperm by an equal amount
of aleurone cells would be required to raise the lysine (% of protein)
content {rom the 1.59% reported by Kent and Evers (1969) for subaleurone
cndosperm to the lysine (% of protein) values obtained in this study for
the bran flour sampl?s.

The high protein and lysine content of the bran flour samples was
not due to contamination by the germ. The germ was separated from the

bran for the wheats milled on the KSU pilot mill,
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Comparison of Grain and Flour Samples

Nap Hal had the highest grain protein and lysine (% of protein)
percentages of the four wheat varieties milled on tﬂe Kansas State
University pilot mill. The protein content of the 70% extraction flour
of Atlas 66 was higher than that of Nap Hal. Flour lysine (% of protei?)
content of Nap Hal was not significantly higher than that of Centurk ér
Atlas 66,

Tnese results illustrate the need for comparisons of whole grain,
endosperm, and bran protein and lysine percentages to determine the with-
in lerncl site of protein and lysine variability among wheats. Because
of the high protein and lysine content of the bran flour, it is necessary
to obtain complete and uniformly separated samples of endosperm for pro-
tein and lysine analys.s. Variation in milling yield could easily affect
the protein and lysine content of endosperm samples., The use of samples
milled at 2 uniform extraction rate could slightly distort endosperm
protein and lysine relationships among wheats, Seventy percent extrac-
tion flour from a wheat with 78% endosperm will contain more of the high
protein outer endosperm than 70% extraction flour from a wheat with 85%

¢acospe: 1.

Modified Milling Procedure

Over 300 20g samples of wheat were separated into endosperm and .
non-endosperm components using the modified milling procedure. It would
not have been possible to hand dissect this many samples in any reason-
able period of time. Other mechanical and chemical methods have been
used to scparate and isolate kernel component's for chemical analysis

(Xent and Evers, 1969; Stevens et al,, 1963; Shetlar et al,, 1947), In
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comparison with the other methods, the modified milling procedure is
relatively sxmple.g

The bran saﬁples obtained by milling on the Quadraplex m#ll con-
tained both germ and bran. Except for the bran samples from the wheats
milled on the Kansas State University pilot mill,cthe terms '"bran" or
"washed bran'' refer to the non-starchy endosperm kernel components. On
large mills such as the KSU pilot mill, the germ is sifted from the bran.

The amount of endosperm removed from the bran by the washing pro-
cess decreased significantly as milling yield increased. This high
negative correlation between milling yield and bran flour weight provides
evidence that the bran and endosperm of wheats differing in milling qual-
ity werc uniformly scpaiated by the bran washing process. Figures 1 and
2 provade visual evidence for the uniformity of separation of bran and
endosperm. Although there was more endosperm adhering to the mill bran
of Atlas 66 than to the bran of Scout 66, there is no apparent difference
between the washed bran samples of the two wheats for endosperm contami-
nation. The washed bran samples are almost free of endospern,

Wheats of both nurseries differed in milling quality. This is
indicated by large ranges in milling percentage and bran flour weights.
The amount of bran flour obtained from the bran of some of the soft
wheats was laige. If the mill flour samples had been used for protein
and lysine analysis, much of the variation among wheats for endosperm
lysine content would have been due to variation in milling yield.

The range for percent endosperm of sample is considerably smaller
than the range in milling yield, The percent endosperm range values for

the head row nursery correspond to percent endosperm values that have
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been reported by Hinton (1953, 1959), MacMasters et al. (197%), and
Farrand and linton (1974) for hand-dissected samples, The percent endo-
sperm values are realistic considering the variability for test weight
and khernel weights that exists among the wheats analyzed, The head row
nursary cndosperm percentages are inflated 2 to 3 perceﬁtage points.
Comparisons of the check varieties which were in both nurseries show that
the peicent endosperm relationships among the wheats of a nursery is
similar in both nurseries. Centurk haa high and Nap Hal had low endo-
Sperm percentages in both nurseries,

The parent and chech varieties of both nurseries differed signi-
ficantly for milling yield, flour weight, bran flour weight, washed bran
weight, and percent endosperm. Although field replication had some
effect on these variables for the World Collection wheats, most of the
variation was due to differences among the wheats analyzed. The coeffi-
cients of variation for milling yield, flour weight, bran'flour weight,A
washed bran weight, percent endosperm, and sample recovery percent were
low, indicating that laboratory experimental error was low for the bran
anu endosperm separation procedures. Sample recovery percentage was not
affected by variety or field replication. Considering the numbor of
stcps in the modified milling procedure, the sample recovery percentages
are satisfactory.

rain protein and lysine percentages which were calculated using
endospern and bran welghts and protein and lysine percentages were almost
identical to measured grain protein and lysfne percentages. These
results show that very little if any protein was lost in the washing

process by solubilization of the bran and bran flour in the 80:20
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othanol:acetone washing solution, These results are consistent with
Osborne’s (1907) results for the solubility of wheat proteins.. It was
¢vadent that some lipids were dissolved in the washing solution because
the bran flour had the consistency of defatted flour. The %oss of these
lipads had no apparent effect on the protein and lysine éontegt of the
endosperm or bran samples.

These results and the results discussed previously demonstrate
that t'e modified milling procedure can be used to obtain reasonqbly
complete and uniform separation of the endosperm and non-endosperm com-

ponents of the wheat kernel without any appreciable loss of either com-

ponent or component proteins,

Endosperm Percent of Sample

The range 1in percent endosperm of sample was large for both the
head rsow nursery and the World Collection nursery. Part of the variation
for percent endosperm can be attributed to within-nursery environmental
variation since replications had a slight effect on percent endosperm
in the World Collection nursery. Most of the variation was probably
genetic in origin because there were highly significant differences among
the parent and check varieties in both nurseries.,

Soft wheats such as Atlas 66, Nap Hal, and CI 13449 had lower
endosperm percentages than the hard wheats Centurk and Scout 66. The
endosperm of soft wheats is less dense than the endosperm of hard whgats.
Consequently, soft wheats have lower endosperm percentages than hard
wheats when percent endosperm is calculated on a weight basis, Part of
the variation among the wheats for porcent endosperm could be due to some

wheats having thicker bran and aleurone layers than other wheats (Bates,
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1945; Larkin et al., 1951), Seed size could also be a factor. Large
kernels have a higher proportion of endosperm than small kernel& (Zelany,
1971). The washed bran samples contain both the germ and bran; Variation
in endosperm percent could also be due to some wheats having l;rger

germs than other wheats.

The wheats analyzed represent a wide range of kernel types, Test
weight provided a better estimate of milling yield and percent endosperm
than hernel weight. These results are consistent with those of Section I
where it was suggested that test woight had more of an effect on lysine
content than kernel weight because it provided a better estimate of
percent cndosperm. Although test weight provides a better estimate of
percent endosperm than kernel woight, it does not provide a good estimate,
The corrclation between test weight and percent endosperm is low,

2lling yicld 15 highly correlated to percent endosperm. This is
to be expected since the maximum yiold of white flour from a sazple of
wheat 1s determined by the percent endosperm. The modified milling

procedurc may be useful to millers for estimating milling yield,

Endosperm Proportion of Kernel Protein and Lysine

Cn the average, 80% of the protein in a wheat kernel is lecated in
the endosperm. This is higher than values reported by Ferrand and Hinton
\+974) and Morris ct al. (1946). The wheats dissected by these authors,
Lowever, were lower in endosperm protein content than the wheats grown at
Ywaa, MacMasters ct al. (1971) had estimated that only 50% of the lysine

was endocierm lysine. Their estimation is low because they apparently

bascd it on flour lysine percentages rather than starchy endosperm lysine
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B
percentages, The large range values for percent of protein and lysine .
that is in the endosperm indicates that the distribution of protein and

l1ysine waithin the wheat kernel varies significantly among wheats.

wheat Germ

Wheat gorm is the least variable of the non-endosperm kernel com-
ponents for protein and amino acid composition (Mill Feed Manual, 1967).
Wneat gorm 15 slaghtly higher in protein and lysine content than the bran
(1211 Feed Manual, 1967). Washed bran samples from the World Collection
and head 10w nucscrics contain both the germ and bran. The terms '"washed
bian' ana "“Lian' are used for convenience of expression. Variation in
non-cndospesw protcin or lysine percentages among wheats could be due to
variation in germ content. The hand dissection results of Hinton (1953,
1959) and Turrand and Hinton (1974) indicate that the germ comprises up
to onc-third ol the washed bran samples.

The unilorn composition of the germ and the relative size of its
coatribution to the total non-endosperm sample weight suggest that most
of the variability among wheats for non-endosperm protein and lysine
composation is due to variation in protein and lysine composition of the
bran layers. The variability in protein and lysine content of the washed
bran sumples for the wheats milled at Kansas State University supports
thi. conteni.on., These bran samples did not contain any germ., For the
purposes of this study, it is not essential to know the reasons for the
variation ol non-endosperm protein and lysine content but only the effect

this variation h. on grain protein and lysine content,
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Corrclations of Grain, Endosperm, and Bran Protein and Lysine Percentages

The coefficients for the correlation of whole grain and erdosperm
protein npeicentages were very high for both the World Collection wheats
and the wicats of the head row nursery. This high correlation can be
attrabuted to the high percentage of the total protein of wheat kernels
that :s ondosperm protein and to the fairly high correlation of endosperm
and bran protein percentages. Because of the high correlation of grain
and endospea protein, wheat breeders can reliably use grain protein
percentages a2s a sclection criterion for endosperm protein content.

The coeffic.ents for the correlation of bran percent protein with
endospern and grain percent protein were lower than those for the corre-
lation of grain protein with endosperm protein. This indicates that
wheats which nave high endosperm protein percentages do not necessarily
have high bran protein content.

Grain, cndosperm, and bran lysine (% of sample) were positively
corrclated with their respective protein percentages for the wheats of
both nurscries. Total lysine content of the grain, endosperm, and bran
scmples increased as protein content increased. Grain and endosperm
lysine (% of protein) were negatively correlated to their respective pro-
tein percentages. The explanation for this relationship is discussed in
Sectaon I,

Dran lysine (% of protein) was negatively correlated to bran per=-
cent protein for the wheats of both nurseries. The correlation of bran
lysine (% of protein) was negative, but not significant for the Nap Hal
X Atias 66 parent and progeny rows. The effect of bran protein content

on bran lysine (% of protein) was less than the effect of endosperm
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protein content on endosperm lysine (% of prPtein). Evidence for this
1s the snmallcr correlation coefficients and ihe smaller coefficients of
deteriination from the regression analyses.

Bran proteins contain proportionately less gluten proteins than
endospern proteins (Teller and Teller, 1932). High protein brans proba-
bly do not differ greatly from low protein brans in the size of their
albunin--globul.n gluten ratios. Consequently, bran percent protein does

not have as large an cffect on bran lysine (% of protein) as endosperm

protein percent has on endosperm lysine (% of protein).

Feracl Factors Determining Grain Protein and Lysine Content

Grzin protein and lysine (% of sample) were negatively correlated
with percent cndosperm for the wheats of both nurseries. This relation-
ship 1s due to the bran being higher in protein and lysine content than
the endosporm. The correlations of grain lysine (% of protein) with per-
cent cadosperm were either not significant or positive. The regression
coefficient for percent endosperm from the multiple regression of grain
lysine (% of protein) on grain percent protein and percent endosperm were
negative. This indicates that grain lysine (% of protein) decreases as
percent endosperr increases. This relationship is evident only when the
effect of grain percent protein is taken into account.

Standard partial regression coefficients give an indication of the
relative effect of the independent variables on the dependent variables.
Standard paitial regression cocfficients were similar for the wheats of
tota nurseries. Grain protein content is largely determined by endosperm

percent protein although bran percent protein does influence grain protein
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conteat. Percent endosperm has a slight effect on grgin protein content.
Lndosperm and bran percent protein and lysine (% of protein) and
percent endosperm all influence grain lysine content. Of these factors,
cndospern percent protein is the most important. Endosperm lysine (% of
protein) had more effect on grain lysine (% of sample) than bran percent
prote:n for the World Collection wheats. Bran percent protein had the
greater influence on grain lysine (% of sample) for the wheats of the
head row nursery because of the high bran protein content of Nap Hal and
some of the Nap Hal progeny rows. Bran lysine (% of protein) and percent
encospers are of lesser importance than the other’factors in determining

grain lysinc content.

Correlat:ons of Adjusted Lysine Percentages

The cocfficients for the correlation of grain lysine percentages
with encosperm lysinc percentages were smaller than the coefficients for
the correlation of grain protein percentages with endosperm protein per-
centages. Adjusting grain and endosperm lysine percentages to their
respective nean or midparent protein values decreased the correlation of
grain and cndosperm lysine content,

Grain and endosperm protein percentages are highly correlated.
Because of the large effect protein has on lysine content, the coeffi-
cients for the correlation of grain and endosperm lysine values were also
high. Rerioval of the lysine variability attributable to percent protein
decreased the correlation of grain and endosperm lysine values because
the grain samples of some wheats contained more of the lysine rich bran

proteins than other wheats,
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The adjustment of grain lysine values for percent protein and
percent endosperm or test weight resulted in an additional decrease in
the correlation of grain and endosperm lysine values. This additional
decrcase 1s due to the effect of percent endosperm on grain protein and
lysine content,

After adjustment for percent protein, the correlation of grain and
endosperm lysine content was still reasonably high for the World Collec-
tion w.cats (r = 0.70). The correlation of adjusted grain and endosperm
lysine values was considerably lower for the head row wheats (r = 0.41).
This lower correlation was probably the result of segregation for the
high bran protcin content of Nap Hal.

Prio: to adjustment, grain, endosperm, and bran lysine (% of
sample) values were either not correlated or were negatively correlated
with tac.t respective lysine (% of protein) values. After adjustment the
cocfficients for the correlation of lysine (% of sample) and lysine (% of
protein) were r = 0.96 to 0.99 indicating that after adjustment for per-
cent protein both lysine values provide the same relative measure of
protein quality for grain, endosperm and bran samples. The same general
conclusion applies to grain lysine values adjusted for percent protein
and percent endosperm.

Crain lysine values adjusted for percent protein and percent.endo-
sperm and grain lysine values adjusted for percent protein and test woight
provide alnest the same relative measure of the protein quality of whole
grain sanmples. The high correlation between these two sets of adjusted
lysine valuos is due primarily to the offect of adjusting for percent

protein,
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Atlas 66 and Nap lial Protein and Lysine Content

Atlas 66 was included as a check in the World Collection nursery
because of 1ts hnown penetic superiority for high grain protein content,
nan 1l vas included as a check because of its high grain protein and
lysine content. The results of grain endosperm, and bran protein analyses
of tle cuech entries in the World Collection nursery indicate that Atlas
60 15 high 1n grain protein content because of its high endosperm protein
conteat. Nap lal 1s hagh in grain protein content because of its high
endospera protein content and 1ts high bran protein content.

!

Nep Hal bran 1s 5 to 7 percentage points higaer in protein'content

than e brans of the other chech varieties., Bran proteins contain almost

twice as wach i,.:nc as the endosperm proteins. Nap Hal has significantly

higher adyusted grain lysine content than the other check varieties partly

c*

gclusc of its high bran content. With the exception of Centurh, Nap Hal
also has sign.licantly haigher endosperm adjusted lysine (% of protein)
than the other chech varieties. The high adjusted lysine content of Nap
Hal gra.n thus 15 due to both its high bran protein content and to the
high lysine coatent of its endosperm protein.

Coob (1505) reported that wheats differ significantly in aleurone
cell wall hichness and for the amount of space occupied by the alcurone
cell conciats.  Larhan (1951) reported significant difrerences among
wheats Sor aleurone ce.l thickness, Nap Hal is probably high in bran
psotJin conteat bLecaus» 1ts aleurone layer is thick and the volume of the
Licurone cells 1s large. Nap Hal may also be high in bran protein con-
*ent sinply because 1ts aleurone cells contain more protein than the

slcurone ceils of other whoats,
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ﬂprld Collection Wheaqi

World Collection wheats differ significantly for endosperm protein
coatent, Tae diffeiences found in this study are mostly genetic because
vithin-nursery cnvaironmental variation was small., Some of the differences
in endospern protein content, however, may be due to differences among
the wheats for genotype x envaronment interaction effects. The wheats
with hizh cndosperm protein percentages are equal o Atlas 66 in endo-
spesm protesn ‘content.  The World Collection wheats are diverse in origin.
It 125 nrovaole tnat some of the World Collection wheats with high endo-
spesm content contain genes different from those of Atlas 66 for endosperm
protein cortent,

Whole grain lysine (% of protein) values were adjusted for percent
protein und perceat endosperm. Lven though percent endosperm was included
in the auwjustkent equation, some of the wheats with high grain adjusted
iysine valuco had high grain lysine percentages because of high bran pro-
tein and lys.ne percentages. Seven of the wheats with high grain adjusted
lysine perceatages have endosperm adjusted lysine percentages as high as
that o hap llal.  The wheats with low adjusted grain lysine percentages
all hud lew cndosperi. adjusted lysine percentages. These results indi-

cat

[+

that grain adjusted lysine values are usable for selecting wheats
that arse likely to have high endosperm lysine content from those that
have low endosper.. lysine content,

“he horld Collection wheats differ significantly for endosperm
acjusted lysinc content. Within-nursery environment variation did have
some effoct on the cndosperm adjusted lysine percentages of the check

varictics and, thorofore, also had some offect on the endosperm lysine
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content of the World Collection wheats. However, much of the variability
among wheats for cndosperm adjusted lysine content is probably genetic in
origin. Some of the World Collection wheats with the highest endosperm
adjustew lysine percentages are as high as Atlas 66 in endosperm protein
contcat and have higher endosperm adjusted lysine percentages than Nap
Hal., Tne vheats PI 254077 and CI 13793 should be retested along with the
other tcp 15 wheats for potential use in breeding programs as high lysine

lines.,

Scleccron C-1teria for Lysane

The best sclection criterion to use for selection of wheats with
nigh encosperi lysine content is endosperm lysine adjusted for percent
protean. Selcction of wheats for grain lysine content will result in
sczie wacats boing sclected because of high bran protein and lysine con-
tent.,  EBecouse of the work involved in separating bran and endosperm,
anitizl selcction could be made on whole grain samples.

Althcugh the correlation of endosperm adjusted lysine with grain
iysin. adgjwstea Jor percent protein is slightly higher than its correla-
tion with grain lysine adjusted for percent protein and test weight, the
latter adjusied lysine value is the better selection criterion to use for
whole groin samzlcs. The use of grain lysine values adjusted only for

peicent piotein could result in wheats with smaller than average endo-

A&

aera percenteres being sclected, The quantity as well as the quality
ol erncospern 1s .mportant. Lvon when endosperm adjusted lysine percent-
a,0s are beang used for selection of high lysine wheats, some attention

savuld be gaven to percent endosperm or seed size. Adjusting whole grain

sanplos for percent protein and percent ondosperm is of little practical
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value because separation of bran and endosperm is required to obtain

endosperm percentages.

5

Nan lia. < Atlas 66 'Parent and Progeny Rows

The results of cndosperm protein analysis of Nap Hal x Atlas 66
parent and progeny rows indicates that Nap Hal and Atlas 66 have differs
ent genes for endosperm protean content. The large range in endosperm
protein content of the progeny rows suggests the segregation of several
najor geaes for cendosperm protein content. The head rows 15138 and 12120
are cight percentage points higher in endosperm protein content than the
conventicnal variety Centurk. This difference in endosperm protein con-
tent 1s larzely due to genetic differences among these wheats.

Nap lral 1n addition to having genes for high endosperm protein
content also has genes for high bran protein content. There appear to be
at least two genes governing bran protein content because the progeny
rows either have parental bran protein percentages or values intermediate
to thert. All the progeny rows with endosperm protein: percentages of 23%
also had bron protein percentages as high or higher than that of Nap lial.
in1s suggests that the Nap llal genes for high endosperm protein content
may be iinhed to the genes for high bran protein content.

The Nap Hal x Atlas 66 parent rows differed significantly for
grain lysinc (% of protein) but did not differ for endosperm lysine (% of
protein). lowever, Nap Hal was significantly higher than Atlas 66 for
adjustcd endosperm lysine (% of protein) in the World Collection nursery.
The range in grain adjusted lysine (% of protein) of the progeny rows

su,;euts segregation for grain lysine (% of protein). Part of the
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variation among the progeny rows for grain lysire (% of protein) is due
to segregation for bran protein and lysine content,

The endosperm adjusted lysine percentages of the progeny rows
indicate transgressive segregation for lysine (% of protein) that is
independent of scgregation for percent protein. Some of the progeny
rows such as 1148 and 10078 have protein percentages as high or slightly
higher than either parent and considerably higher lysine (% of protein).
Although Atlas o6 does not have high endosperm lysine (% of protein),
1ts adjusted lysine percentage was considerably higher than those of the
horld Collection wheats with low endosperm adjusted lysine. This sug-
gests that the increase 1n endosperm lysine (% of protein) content of the
progeny rows over that of the Atlas 66 may be due to additive gene ef-
fects. These results indicate that Nap Ilal i1n addition to having genes

for high (ndosperm protein content also has genes for higher than average

endospern lysine (% of protein).

sap Hal x CI 13449 Parent and Progeny Rows

Interpretation of the results of the grain, endosperm and bran
analyses of tae Map Hal x CI 13449 progeny rows is difficult because the
CI 13449 sample used for protein and lysine analysis was not grown in the
kead row nussery, However, there is substantial evidence of transgressive
segregateon [ur grain lysine (% of protein). Part of the variation for
£rain lysinc content is due to variation among the progeny rows for bran
percent protein. Some of the head rows inherited the high bran protein
and lysine content of Nap Hal,

There is also evidence for transgressive segregation of endospern



adjusted lysine (% of protein). Some of the progeny rows have adjusted
cndosperm lysine values 0.2 of a percent higher than those of either
pareat. Both the parent varieties have higher endosperm adjusted lysine
values than the check variety Centurk. Centurk had higher endosperm
adjusted lysine content than the other commercial varieties which were
analyzed in this study. These results indicate that Nap lal and CI 13449
possess diffcrent genes for high endosperm lysine (% of protein), CI
13449 1s a high lysine wheat because of the high lysine content of its
endospera proteins.

it 1s uifficult to explain the high protein content of the Nap Hal
A CI 13449 head rows 16240 and 16900 since they are 3 percentage points
hightr 1n protein content than Nap Hal. CI 13449 does not have any known
genes for hagh grain protein content. The high protein contents of these
Tows may be duc to complementary gene l.ateractions or to micro-environ-

mental effects within the head row nursery.

Nap Hal ¥ CIIOMYT 8156 Parent and Progeny Rows

The protein and lysine analyses of the Nap Hal x CIMMYT 8156 pro-
geny row. indicatc that some of the wheats inherited the higﬁ protein and
lysine genus of Nap Hal ana the desirable agronomic characteristics of
CINMYT 8150, Most of these head rows were of good agronomic type. The
cadosperin and bran protein values of these head rows suggest that Nap Hal
has scveral genes for both endosperm and bran protein content. Progeny
rows with pareatal and mid-parent endosperm protein percentages were

obtaincd. Progeny row bran protoin percentages were either at the mid-

parcat level or at the level of Nap Hal.



_I;'n_p_li_c_a_t_i_o_n for Wheat Rreeders

The progeny rows were not replicated, Some of the differences -
anong the head rows of a particular cross may be due to within-nursery ‘
environmental variation. The results of the whole grain analyses for
the Nap Hal a Atlas 66 and Nap Hal x CI 13449 head rows are similar to
those reportea by Johnson et al. (1973) for the Fo progeny bulks from
which these head rows were selected. This simildrity in results and the
rmagniiude of the differences among the progeny rows strongly suggests
that the differences among the parent and progeny rows of a particular
cross for protein and lysine content are mostly genetic. Additional
testing of the parent and progeny wheats in replicated nurseries is
required before more definitive statements can be made.

Nap Hal x Atlas 66 progeny wheats with high endosperm protein
and lysine content should be extremely useful for improving the nutri-
tional quality of commorcial wheats by breeding. These wheats have the
high protein genes of both parents and the high lysine genes of Nap Hal.
Some of the Nap Hal x CI 13449 progeny wheats should also be useful to
wheat breeders because they have the high lysine genes of both parents
and the Nap Hal genes for protein content. |

Somg ol the World Collection wheats may have genes different from
those of Nap Hal and Atlas 66 for protein content and genes different
fron those of Nep Hal and CI 13449 for lysine (% of protein). If so,
then additional progress could be made in improving the nutritive value
of wheat by tnecir usc in breeding programs, .

In addition to protein quantity and quality. the nutritive value

of whcat also depends upon other factors such as protein and starch
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digestibility. As hagh protein and high lysine lines are developed,

4

human nutrition studies will be needed to determine if the net nutritive

value of wheat grain has been improved.
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SUMMARY

Host sccicties eat only the ground endosperm or flour of wheat,
Most of the breeding and genetic research involving the protein and
lysine content of wheat has been done using whole grain samples. Com-
P&risdous orf tae protein and lysine content of whole grain and endosperm
Sarples wese needed to determine the validity of this practice,

Lndospern sumples obtained by milling are not satisfactory for
making rreoein and lysince comparisons among wheats, The outer part of
the endossos 15 higher in protein and lysine (% of sample) than the in-
terior ol tue herncl, Wheats of different hardness mill differently,
otean aad lysine differences among wheats could be due to milling
dificresces, The melhod tcsted and used in this study to obtain endo-
SPes o sawples 15 a nmodified milling procedure. After milling the endo-
Spera acacring co the bran ais removed in a washing procedure, dried, and
added to the 1.1l fiocus to reconstitute the starchy endosperm.

Erdosneen and bran samples of wheats differing in whole grain

hel
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Sinie content were analyzed. The wheats studied were from
the LEDA Worla hhoaz Collcction and the parents and progenies of three
€rosses of hiLh piotean and/or high lysine lines. Over 300 samples were
enalyzced.,

“he cos.clation for grain protein and endosperm protein was r =
POV LlWan] thet Whole grain protein percentagos accurately reflect
endospern protein coatent. The correlations of adjusted whole grain and
Ld)usten cadosiern lysine percentages woro lower. The combined effect
¢l puscine bowa, bran percent protein, and bran lysine (% of protein)

02 wnole grain lysino contont was ag groat as the effoct of endosperm
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lvsine (% »f protein) content. Wheats with high grain lysine content
did not always have high endosperm lysine content. Significavt
difforences caisted among the wheats tested for endosperm protéin and
lysine content.

Analyses of the whole grain, endosporm, and bran protein and
lysine contc:t of the parents and progenies of high protein and/or
high lysiae crosses provided useful genetic information. On the basis
of 1.o0lc Le.nel anulyses, the varietv Atlas 66 previously had been
identaficd as a high protein line, Nap llal, P1176217, as a high protein/
hign lysine liae, and CIT13449 as a high lysine line. Endosperm and
bran (1nciudiag the germ) analyses show that the high protein of Nap
lial reuides 1n Loth cndosperm and bran., Atlas 66 shows the high
protein elicet only an 1ts cndoseperm. Transgressive segregates with
endospes, protein valuos as high as 23% demonstrate that the genes for
cndospesn pootein of Nap Hal are different from those of Atlas 66.

The pasenis averaged 19% protein. The high grain lysine content of '
Nap Lo .v largely duc to the high protein content of its bran. The
hizh ly.ine of CII3449 1s largely due to the high lysine content of

its cadec.orn protean,
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