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ABSTRACT

Sceds from over 9,000 lines in the world sorghum
[Sorghum bicolor (L.) Moench] collection were classified
for endosperm phenotype to identify floury endosperm
lines and evaluate cach for potential increases in lysine
concentration.  Sixty-two floury endosperm lines  were
selected and analyzed for protein and lysine composition.
Twa {floury lines of Ethiopian origin, IS 11167 and IS
11758, were exceptionally high in lysine at relatively high
levels of protein.

The average whole grain lysine concentration of high
lysine lines IS 11167 and IS 11758 was 834 and 3.18
(g/100g protein) at 15.7 and 17.2¢; protein, respectively.
Both lines were also high in percent oil. Carbohydrate
analyses of whole grain samples of the two high 1ysine
lines were similar to that of normal sorghum grain ex-
cept for a twofold increase in sucrose concentration.

The high lysine gene aliered the amine acid pattern
in hl Wl Rl endosperm tissue relative to normal erdo-
sperm checks. The major changes were increased lysine,
arginine, aspartic acid,” glycine, and tryptophan concen-
trations and decreased amounts of glutamic acid, proline,
alanine, and leucine in the il W i endosperm.

Inheritance studies suggest that the increased lysine
concentration of cach iine is contreled by a single reces.
sive gene, although it it not known whether the genes
from both lines are allelic. The high lysine gene(s) pres-
ent in IS 11167 and 1S 11758 from Ethiopia is (arc) herein
designated as hl. The endosperm of kernels *smozygous
for the Al gene is partially dented.

The biological value of the high lysine lines was much
higher than that of average sorghum lines. In a 28-day
isonitrogenons  feeding  experiment  the weight gain of
weanding rats was three times higher on an 18 11758 ra-
tion and twice as high on an IS 11167 ration as weight
gains on rations prepared from normal sorghum lines,
When fed rations without any dilution except the usual
2%, vitamin and 4%, mincral supplementation, rats gained
94 g on high lysine sorghum (IS 11758) and 28.5 g on our
current best nutritional quality sorghum line (IS 2319),
versus 915 g on opague:2 corn (Zea mays L) and 30.2 g
o normal corn in a 28day feeding wial. Feed cfficiency
ratios for this trial were 3.0 for high Ysine sorghum,
6.8 for 18 2319, 3.4 for opaque-2 corn, and 7.4 for normal
corn,

Additional index words: Protcin quality, Carbohydrate,
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PER, FER, Biological value, Cereal quzlity, Grain com.
position.

ONSIDERABLE progress has been made towards

genetic improvement of plant protein quality in
cereals.  Opaque-2 and floury-2 mutant sirains of
maize (Zea mays L.), as well as high lysine mutant
lines of barley (Hordeum vulgare L.), have been thor-
oughly investigated. This report describes a gene (or
genes) that increases the relative amount of lysine in
sorghum [Sorghwm bicolor (L.) Moench]. The dis-
covery of these mutant genes has opened new hori-
zons for upgrading the nutritional quality of sorghum
grain.

The importance of nutritional improvement of grain
sorghum can be emphasized by the .ct that it is the
fourth most important cereal crop in the world. How-
cever, the nutritional quality of normal sorghum pro-
tein is not very good. The occurrence of several hu-
man diseases has been associated with the poor nutri-
tional quality of sorghum. The presence of relatively
high concentrations of leucine and /or imbalance in the
leacine:isoleucine ratio in sorghum has been suggested
as a possible factor in the development of pellagra
in populations subsisting principally on this crop
(Gopalan and Srikautia, 1960). Lysine has been re-
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orted as the first limiting amino acid in sorghum
(Sheltor et al.,, 1951).

dowe, Jansen, and Gilfillan (1965) compared the
proteins of rice (Oryza sativa L.), wheat (Triticum
aestivum L.), corn, millet (Panicum spp.), sorghum,
barley, rye (Secale ceveale L.y and oats (Awvena sativa
L.) as such, and with lysine and threonine added, in
the nutrition of albino rats. Casein at 9.059; protein
was used as a check. Four-week weight gains of rats
and protein efficiency ratios (PER) of ditferent diets
showed that millet and sorghum were the lowest in
nutritional quality. Corn protein was morc than
twice as high as sorghum for weight gain and PER
ratios, The casein diet was about twice as good as
corn and four times better than sorghum at similar
levels of protein. Trible (1971) found that the di-
gestibility of sorghum protein was significantly lower
than that of corn or wheat.

Published information concerning genetic improve-
ment of protein quality is not presently available for
sorghum. Opaque-2 was the first mutant gene found
to change the normal amino acid composition of
maize endosperm proteins (Mertz, Bates, and Nelson,
1964). An increase in lysine content of opaque-2 ker-
nels was caused by a reduction in the proportion of
alcohol ¢oluble proteins or zein, along with an increase
in the proportion of albumin, giobulin, and glutelin
protein fractions in endosperm tissue. The opaque-2
gene, which is inherited as a simple recessive, affects
only the amino acid composition of the endosperm
with no effect on the embryo (Nelson, 1969). A scc-
ond mutant gene affecting lysine content (floury-2)
was reported in 1965 (Nelson, Mertz, and Bates, 1965).

Munck, Karlsson, and Hagberg (1969) reported a
high lysine, high protein barley line called Hiproly.
It was selected from the world barley coDection using
dye-binding capacity as a screening technique. A re-
cessive gene was responsible for the approximaely
20 to 309, increasc in lysine concentration.

Doll (1970) found two barley mutants with in-
creased lysine content from cthylmethane sulfonate-
treated material. Recently Ingversen et al. (1972)
identified an cthyleneimine-induced high lysine mu-
tant (Ris6 1508) in barley. Lysine content of Risi
mutant 1508 grain was as much as 519, higher than
the parental variety. The increase was due to a de-
crease of the lysine deficient prolamin fraction and
an increase in the lysine-rich albumin and globulin
fraction at a constant level of glutelin,

Munck (1972) has described various environmental
factors that affect the ultimate nutritional quality
of barley sced. He reported that the lysine-rich frac-
tion (albumins and globulins) is synthesized at a
faster rate during early stages of sced formation, where-
as lysine-poor storage proteins (such as prolamins)
dominate later stages of protein synthesis. Glutelins,
which are intermediate in lysine content, increase
linearly with time during seed development. Thus,
factors such as seed size and seed maturation can
affect the overall amino acid composition of the grain.

The objectives of this study were 1) to identify
lines with a floury endosperm phenotype from the
world sorghum collection and evziuate samples of
each line for protein and lysine composition, 2) to
determine the mechanism of inheritance of improved
lysine content of selected high lysine lines, and 3) to

ascertain the biological value of lines with superior
protein quality using weanling rat feeding experi-
ments.

MATERIALS AND METHODS

Over 9000 lines from the world sorghum collection were
screened for the floury endosperm phenotype by examination
of longitudinal sections of 15 to 20 kernels from each line,
Defatted whale kernel samples of each floury endosperm line
were amalyzed for nivrogen by the micro-Kjeldahl procedure
and comverted to percent protein by multiplying nivrogen values
by a factor of 6.25. Protein conent is expressed as percent of
dry sample. Toral carbohwdrate was caleulated by adding values
for reducing sugins, sucrose, water-suluble polysaccharides (WSP),
and starch. The procedure deseribed by Shannon (1968) was used
for the determination of reducing sugars, sucrose, and WSP.
Amvlose and staeh were detevmined by the procedure of Shu-
man and Plunkett (19613, Amino acid analysis was obtained by
jion-exchange resin chiromatography using a Becknan 120C 2mino
acid analyzer.  Methionine and  cwstine were determined  as
methionine sulfone and cvsteic add using the method described
by Moore (19635, and typtophan wis determined by the method
of Slump and Schicuder  (1969). Endosperm tissue for amino
acid analysis was obtained by hand dissection of whole kernels
without removal of the pericarp. Percent oil was determined by
nudear magnetic resonance at the University of Ilinois, Urbana,
Hlinois.

PP3R (ms,), a Pumduc random mating sorghum  population,
was used as the “novmal™ paent in the inheritance studies.

Two rat feeding experinients were peddormed to evaluate the
biological value of the two high hsine, floury endosperm lines.
In Experiment 1, mule weaniing Wistar rats with similar
initial weights were wsed o evaluate six qifferent isonitioge-
nous dieis. Rats were arranged in groups of six to make their
wverage weight close to the overall mean weight and then
placed in individual wire-mesh cages. Experimental diets were
fed to carh rat for 28 dayvs. Individual weight gains and feed
consumption were measured on days 7, 14, 24, and 26, Special
feed cups minimized the feed spillover. Rats were offered food
and water ad libinon with water changed on alteinate days,
The feed efficiency 1atio (grams of feed consumed per gram
of body weight gainy and protein efficiency vatio  (grams of
weight ‘gain per gram of protein consumed) were calculated for
cach rat.

Grain samples used for this feeding sl were grown in
Puerto Rico during the 1972-73 winter season. ‘Two high lysine,
floury endosperm lines were used in this experiment along
with thice nommal sorghum lines as checks. All feeds were
brought to zpproximately 10,06, protein by the addition of
corn starch. Crude protein in these rations yanged from 10.0
to 11.2¢ with a mean of 1059, A casein diet was also fed for
comparison.  Grain samples were ground  twice in a coffee
grinder. Each 100 g of basal dict consisted of varying amounts
of ground sorghum grain and corn starch plas 4 g of mineral
mixture  (Hawk-Oser salt mixture number three, Nutritional
Biochemicals, Ine., Cleveland, ohioy and 2 g of vitamin mixture
(Vitamin supplement,  General  Biochemicals,  Chagrin Falls,
Ohio).  Protein and lysine were determined  for Yoth  whole
grain samples and prepared diets,

E* sdiment 2 was plimned to compare the hiological value of
one high lysine with two normal sorghum lines, normal corn,
and opaque-2 corn at their inherent grain protein levels with
402 minesal and 29 vitamin supplementation. A sorghum line
with high nutritional quality, IS 2319, and anrother high pro-
tein  (149) line, IS B4, were used as normal sorghum check
Hines. A casein diet at 179, protein was also used as a check,
Other experimental conditions were similar to those in Experi-
ment |,

The experimental design of both Experiments 1 anad 2 was
avandonnized complete block design with six aeplications. Data
obtitined were analyzed statistically by methods given by Coch.-
van and Cox  (1957).

RESULTS AND DISCUSSION

Sixty-two flowry endosperm lines were identified
from the workl sorghum collection on the basis of
endosperm phevotype, Floury prains have a0 solt,
chatky white endosperm when longitudinal sections
are examined. It is important to use [ully natare ker-
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Fig. 1. Regression of lysine (single analyses) on percent protein
for 62 floury endosperm lines selected from the world sorghum
collection.

nels fo- this classification, because seed of normally
vitreous genotypes may also appear floury when im-
mature. The protein and lysine concentrations of
whole grain samples from single analysis of ecach of
these sclected lines are shown in Fig. 1. Two floury
lines, 1S 11167 and 1S 11758, of Ethiopian origin
were markedly different from the other lines. Most
of the floury endosperm sorghum lines, however, had
normal amounts of protein and lysine. This pavallels
the situation in corn, where many genes express
floury/opaque endosperm  phenotypes  but  only
opaque-2, opaque-7, and floury-2 have a pronounced
effect on lysine content (Nelson et al. 1965; McWhir-
ter, 1971).

The chemical composition and seed characteristics
of whole grain samples of IS 11167 and IS 11758 in
comparison with averages of normal sorghum lines
are presented in ‘Table 1. The lysine concentration
(percent of sample) of both high lysine lines was ap-
proximately double that of the average for sorghum.
Tannin (expressed as catechin equivalents) in both
Ethiopian high lysine lines was low, and fell below
the level known to interfere with protein availability
in monogastric animals (Oswalt, 1973). The high
percent oil and increased percent germ of the high
lysine grain may be in part a consequence of the
dented endosperm phenotype. Even though the endo-

Table 1. Chemical composition and seed characteristics of whole
grain samples of high lysine and normal sorghum lincs,

1 0 [ines® .
HIgh lyulne lin Normal

Table 2. Segregation ratios of F, kernels from crosses between
normal (PP3Rms,) and high lysine sorghum lines.

Character IS 11167 511754 Horghum

Protetn componttion
Protela, ¥, 15. 70 i7.20 12,70¢
Lyalne, g/ L0 g protein LM L 2,084
Lystne, U of sample o, 82 0,54 {0, 20t
Protein per seed, g 4,8 4,21 3, 50+
Iyatne per seed, nig o018 0,11 0,071

Chemicial componitinn

Catechin equivalent value 0, [ x4 o, g
o1, | 5, bt hotl 1an
Seed characteristios
Percent germ 4. 600 16, 10, 108
Seca welght, @/ 1K) seeds PO} 2,45 .76
Carbohvidrate compasltion
Redueing wegara, ) of sample 0, In 0 12 0, 34¢
Sucrone, 4 af nample EN1E] 2,01 1.u3¢
Totul sugn-w, . of sample 146 293 1.4
WP, 1 of sample 0,64 1.0l Ioue
Sturch, ol wample SH, %) 47,80 nl), KUY
Amyloxe, v of starch I 6,00 35, 000
Total enrhohvdrates, * of sample 61,07 61,74 b, 287

¢ Protefn composition data are hased on the 4
cal componltion, seed characterlstic - and carhehvdeate compostton data are
ningle analysis, i Col 1 genoty pes over S lovations and two veares
(Schaflert, 1970, 1A ke of W1 dew tannin lines o the woebl sorghum coltection
{(Aaetl et al,, 1973), $ Mveraee of Cour Bnes (hambanathan and Meete, 1971,

T Values haseid on one noemal Hae (8 8114,

Chemli-
wd on

e of sty analvses per tin

F, cross Number of F, kernels
Female Male Vitreous Floury Total X Prab,
PP3Rqsy ¥ IS 11167 3,593 1,167 4,760 0,592 0,250,50
PP3Rmp, » 1S 11758 2,376 815 3,191 0,497 0,25-0, 50

* Based on 3:1 expected ratlo,

sperm of IS 11167 and IS 11758 was partially dented,
the 100-seed weight of both lines was nearly equiva-
lent to the average of 31 lines #nd hybrids of normal
sorghum. Several endosperm mutants with shrunken
kernel phenotypes have been studied in maize and all
are characterized by a variable but substantial reduc-
tion of starch content in endosperm tissue, with a
concomitant accumulation of total sugars and/or wa-
ter soluble polysaccharides (Creech, 1968; Barbosa,
1971). The data (Table 1) demonstrate that the
starch concentration of whole grain samples of both
high lysine lines was nearly equivalent to that of the
normal check line. There was no change in the rela-
tive amounts of reducing sugais or water soluble
polysaccharides in the high lysine lines, but there was
a twofold increase in sucrose coicentration. An in-
crease in sucrose of similar ma-nitude has also been
reported for opaque-2 corn (Barbosa, 1971). The
dented endosperm shenotype associated with the high
lysine characteristic in the original Ethiopian sor-
ghum lines, and also in Fy panicles segregating for the
Il gene, may be due to a pleiotropic effect of the hl
gene itself or, alternatively, it may be a consequence
of linked modifier genes that alter the normal plump
configuration of the sorghum grain. The complete
absence of vitreous starch in hl hl hl endosperm tis-
sue may influence the normal conformation of the
grain.

Phenotypic classification of kernels was carried out
on Fa seeds derived from crosses between genetic male
sterile “normal” vlants (PP3Rms;) and each high
lysine sorghum line. Normal (low lysine) kernels
were plump with a vitreous endosperm while high
lysine kernels were floury with a partially dented
endosperm.  All F, seeds obtained from msy X IS
11167 and ms; X IS 11758 crosses had a vitreous en-
dosperm.  Chi-square analysis of F. segregation ra-
tios (Table 2) indicated a good fit, 3 vitreous:1 floury
ratio, for progeny of both crosses. The results of this
study suggest that the high lysine character is inher-
ited as a simple recessive.

Data on protein and lysine concentration of endo-
sperm tissue from vitreous and floury F; kernels borne
on Fy panicles (Table 3) provide critical evidence of
Table 3. Protrin and lysine concentration of defatted endo-

sperm tissue of segregating F, vitreous and floury kernel

classes derived from crosses between normal (PPSRms,) and
high lysine sorghum lines.

Pantele F,; seed % Lysine 1ysine
Croas number class proteln (g/100 g proteln) (% of sample)
PPYRmay  IN 1167 1 Vits eoun 9.8 1,64 0, 165
1 Fioury 10,1 2.43 0, 286
2 Vitreous 10, 6 .37 0. 145
H Floury 1.2 LN 0, 25t
Mean Vitreous 10.2 1.52 0, 155
Floury 1, 6 2. 51 0. 268
IRy« 1S11758 1 Vitreoun 12,2 110 0.134
1 Floury .8 2.29 0. 389
2 Vitrecus 10,4 1,36 0, 141
A Floury 11.9 2.78 0,331
Mean Vitreous 1.3 .23 0, 137
Floury 13,3 2,5 0, 360
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‘Table 4. Amino acid (duplicate runs, g'100 g protcin) and
protein content of defatted cndosperm tissue from segregat-
ing F, vitreous and floury secd classes derived from crosses
be!ween normal (PP3Rms,) and high lysine sorghum lincs.

PPIRma, v IS 11167 PPilma, -~ 1511758

Amiro acld Vitreous  Floury Vitreous Floury
lysine 120 2,48 1,30 2,59
Histidine 1.99 191 1.9 2,04
Arxinine 2. 5% RALI 2,377 4,44
Asportle acid 5. 50 T.49 614 7,24
Threcnine 2.5 L 2758 L1n
Serine .74 1,00 3,84 1.99
Glutamic acld 2668 23.98 7,99 20, 2
Proline 7.9 6,91 8.35 6,19
Glycipe 2,17 2,97 2.3 3,40
Alanine 10,15 9. 65 10, 50 8,68
Cystine 2,07 1. 52 1, 83 1.76
Valine 4,35 4,98 .71 4.7
Methionine 1L.60 1.52 a1 1.93
Isoleucine 1.9% 4.16 4,08 3,n9
Leucine 15,72 “wn 15.93 12,62
Tyrosine 4.28 4,32 4,4 .24
Phenylalanine S, 45 5.45 S. 52 5,24
Tryptophan 0,92 121 0,93 L
Percent proteln 9.75 i.7% 9,69 12. 96
Leucine/isoleucine 4,01 344 3.9 3,16

the effect of the allele on lysine, because genetic back-
ground differences should be randomized between
normal and mutant classes. The average lysine con-
centration (expressed as percent of protein) ef the
endosperm of vitreous kernels froia both crosses was
1.389%, compaied to 2.539, for the endosperm of floury
kernels, which represents an average increase in ly-
sine of 839, The increases are more pronounced
when lysine is expressed as percent of dry sample
because of the consistently higher percent protein of
floury endosperm tissue. The protein and lysine con-
centrations of embryo tissue from scgregating F; nor-
mal and floury mutant kernels was 24.1 vs 24.19 pro-
tein and 5.11 vs 5.609, lysine (expressed as percent
of protein), respectively. Therefore, the primary el-
fect of the 7l allele on protein and lysine concentra-
tions of sorghum kernels was confined to endospern:
tissue.

The amino acid compositions of defatted endo-
sperm tissue of grain from vitreous and floury classes
from segregating F, seeds arc presented in Table 4.
Lysine, arginine, aspartic acid, glycine, and trypto-
phan were consistently higher in the floury endosperm
class. Glutamic acid, proline, alanine, and leucine
were lower in the floury endosperm class. The shift
in amino acid pattern in the floury endosperm class
was comparable to that reported for the opaque-2
mutant in corn (Nelson, 1969).

The data suggest that the increased amount of ly-
sine in IS 11167 and IS 11758 is controlled by a

Table 5. Biological values of isonitrogenous (107, protein) diets
repared with high lysine and normal sorghum lines in a
my rat feeding experiment.

single recessive gene. Because the high lysine genes
present in both Ethopian lines were similar in their
effect on protein and lysine, the gene symbo! hl is
herein assigned to both pending completion of al-
lelism tests.

Biological Value

Experiment 1. Based on their improved amino
acid composition, the high lysine sorghum lines
should have a higher biological value than the ave-
rage sorghum. Therefore, the biological value of two
high lysine lines, three normal sorghum lines, and
a casein-bearing diet were compared. 1S 2319 has
good nutritional quality and was used as the best
check line in nutritional studies at Purdue (Oswalt,
1973).  All grain rations were fed as isonitrogenous
diets at approximately '0¢. protein except for the
casein diet, which was fed at 13.39 protein.

Data on the chemical composition of whole grain
samples and composition of the rations, as well as
rat weight gain, feed efficiency ratio (FER), and
protein cfficiency ratio (PER), are given in Table 5.
The average initial weight of weanling rats was 47.2
g. There was no significant difference in average in-
itial weight between groups of rats placed on differ-
ent diets. Weight gain on the 1S 11758 diet was
nearly double that of 18 2319 and three times higher
than the average of normal sorghum lines. Gain in
weight of rvats on the IS THG7 rations was 710, ol
gain on the IS 11758 ration. However, it was signiti-
crntly (P<.01) superior to the control sorghum lines,
and was 369, better than 1S 2319 in terms of rat
weight gain. The PER values for both high lvsine
sorghum lines were higher than the average PER for
normal sorghum, but were lower than that for casein,

Experiment 2, This experiment was desigined to
compare the biological value of a high lysine sor-
ghum line and other grain diets when fed at their
inherent grain protein levels. Because sorghum grain
is consumed by Large numbers of people, it is im-
portant to evaluate the nutritional value of the whole
grain in a monogastric test animal. IS 1758 was
compared with two normal sorghum lines (IS 2319
and IS 1481), opaque-2 corn, normal corn, and a
casein diet, Opaque-2 corn was included in this trial
as i cereal with good nutritional quality.  Protein
and lysine concentrations of the rations and the 28-
day rat weight gain and FER values are presented in
Table 6. Biological value of 949, whole grain rations preparcd

from high lysine sorghum, normal sorghum, opaque2 corn,
and nonmal corn in a 28-day rat feeding experiment.

Co:l“:"nll‘l:on M_ (.",:‘;'::_:’:':"" Componition of feed
Lystne ___l;y“L Lysine 1yalne
V4 ®/100g % g/I00g T ol Welght W/ g % g/M0K Yol Welght
Source proteln gproteln) protein proteln aample galn ) FER  FER Source proteln proteln) proteln protein feed gain () FER
High lysine lines High lysine line

3 11167 16,6 3,36 10,1 2.8) 0,264 .5 5.6 1,74 15 11758 184 L 18,4 117 0, 581 “,.2 30

13 11758 18.0 3,38 1,0 315 0,05 488 4,9 206 Normal sorghum
Normal lines (BRI 12,7 2% 12,6 2, 0,284 8.5 6.8

B 2319 12.7 2.30 10,9 2,25 0,245 25,1 7.5 L4 1S 1464 4.0 .93 12.6 2.01 0, 2% 19,2 4.5

13 2520 1.3 1. 85 1.2 176 0,197 10,3 13,31 061 . ; " ., - ,

S 1269 1.8 210 10,7 2.01 0. 215 140 1.3 074 Meun Int normal sorghum 1.1 21 1,6 2,02 o, a7 %9 7.6
Mean of normal lines 136 2,06 10,9 2,01 0,219 16,5 13 0, (pisjue-2 corn 125 400 121 e 0471 95 A
Caseln 9.0 5. 00 1.3 7,36 0,979 858 LS W Normal corn 9,4 2.7 B, 6 2, 90 ({2 1] 30,2 7.4
c.v,, % 1.0 Caweln 9,0 B. (0 17,1 6,42 1104 181,220
8,E, of Individual line mean 4,6 Cv 16.7
LSD S%, petween {ndividual line means) 13,4 S, E, of Individual line mean S. 0
LSD 1%, fretwoen Individual line meana) 18, 2 LSO 8% etween Indlvidual ine means) 14,7

151 1K @etween Individual e meann) 19,9
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Fig. 2. Average weckly cumulative weight gains of weanling
rats fed vations composed of 94, whole grain, 2¢, vitamins,
and 49, minerals.

Table 6. Weight gains at 7-day intervals through the
28-day feeding trial are also given in Fig. 2.

The rat weight gains show that the biological
value of 1S 11758 was four times higher than the ave-
rage of two normal sorghum lines and over three
times higher than 18 2819 when fed at whole grain
protein levels (Table 6, Fig. 2). When compared to
the corn dicets, the 1S 11758 diet fed at 1817, protein
was cquivalent to the opaque-2 corn diet containing
1217, protein, The FER value of the high lysine
sorghum ration indicated tha less than hall as much
feed was required per unit gain than was needed
on normal sorghum dicts. These two experiments
demonstrate unequivocally that the two  Ethiopian
high Tysine sorghum lines are substantially superior
in biological value to any sorghum line currently iden-
tilied.

It should be emphasized that no information s
available on the vield potential of 1S 11167, 1S 11758,
or other Iil-hl lines or hybrids that may be derived
from them in the future. The dented, floury endo-
sperm phenotype may pose agronomic problems sim-
ilar to those encountered in other cereals containing
mutant genes for improved quality. The identifica-
tion of a high lysine gene in 1S 11167 and 1S 11758,
however, represents a significant step toward improve-
ment of the nutritional quality of grain sorghum.
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