
The endosperms of maize seeds homozygous for the
opaque-2 mutant gene have a higher ysine content
than normal endosperms. in kernels on the same ear,
opaque-2 endosperms had a different amino-acid pat-
tern and 69 percent more lysine than normal endo-
sperms. [The SCI~indicates that this paper has been
cited in over 475 publications.]
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When I arrived at Purdue University in 1946,1was
invited to become a member of a Utilization Re-
search Committee that had just been formed in the
Agricultural Experiment Station to find new uses for
the cereal grain surpluses then piling up in govern-
ment storage bins. I decided to start a project on corn
proteins. My objective was to try to improve the nu-
tritional value of corn proteins, which had to be com-
bined with more expensive supplements such as
meat, e~gs,whole legumes, soybean meal, or milk
protein in animal and human diets. The major pro-
tein in normal corn (zen) is almost devoid of two
essential amino acids, lysine and tryptophan. There-
fore, normal corn cannot serve as the only source
of protein in human and animal diets.

My students and I began a search for acorn kernel
that had a lower content of zein and higher levels
of other more nutritious proteins (such as albumins,
globulins, and glutelins). The first screening for corn
with these qualities was carried out by my student
Ricardo Bressani from 1953 to 1957 and was con-
tinued by my student Lynn S. Bates in the early
1960s. At first we analyzed corn endosperms for
zein; then, in the early 1960s, we obtained one of
the first automatic amino-acid analyzers and looked
only for higher lysine levels in the endosperm.

From 1957 to 1961, Herbert H. Kramer, Depart-
ment of Agronomy, sent over corn varieties, both
normal and mutant, including floury-i but not
floury-2, for our analysis. None were high in lysine.
When Kramer left the university in 1961, Oliver E.
Nelson, Department of Botany and Plant Pathology,
took his place and supplied us with samples for anal-
ysis. The first set of samples from Nelson came from
the Mexican seed bank and represented many races
from Central and South America. They showed the

normal low values and very little variation in lysine
content when expressed as grams of lysine per 100
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Nelson was aware olthe fact that we h~d1ound

a lower level of lysine (g/iOO g endosperm protein)
in Illinois High Protein (about 18 percent protein)
than in Illinois Low Protein (about 4 percent protein).
He also noticed that the High Protein endosperm was
vitreous and the Low Protein endosperm much more
floury. Thinking that flouriness might be associated
with high lysine, he sent us four types of floury
mutant kernels: floury-i, floury-2, opaque-i, and
opaque-2. On November 18, 1963, the endosperms
of these samples were analyzed. Floury.1 and
opaque-i contained2 g of lysine per 100 g of protein
(normal levels), floury-2 contained 3 g of lysine, and
opaque-2 contained 4 g of lysine per 100 g of
protein. Since two samples offloury kernels (floury-i
and opaque-i) had normal lysine levels, flouriness
was not closely linked to high lysine Nevertheless,
Nelson’s thought that it mightbe linked tolysine paid
big dividends. The opaque.2 mutant still ranksabove
all single viable mutants of corn in levels of lysine,
even though the list of high-lysine mutants in 1975
had nine viable types. Opaque-2 endosperms also
contain double the level of tryptophan found in
normal corn endosperms.’

In 1965 feeding tests with young rats
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showed
that animals receiving only opaque-2 corn, minerals,
and vitamins gained almost four times moreweight
in 28 days than those receiving standard hybridcorn.
This was repeated with weanling pigs. In Guatemala
Bressani showed that opaque-2 corn had 90 percent
of the value of milk protein in young children.

3

The International Maize and Wheat Improvement
Center in El Batan, Mexico, in a long-term breeding
program, developed strains ofopa~ie-2corn that are
not floury. They are hard, vitreouskernels that can-
not be distinguished from normal kernels and are in-
tended for human use. In the US the floury type of
opaque-2 kernel is still produced in high-yielding
hybrids for animal feed.

The publication of this paper led to worldwide re-
search on mutant types of corn more than 1,000
journal articles, a symposium pui,lication,~ a book,
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a review of the biochemistry of opaque.2 corn,’ and
a monograph on “quality protein maize” now in
press and to be published soon by the National Acad-
emy of Sciences (NAS). It also prompted a search for
high-lysine mutants in other cereals, which resulted
in the discovery of high-lysine mutants in barley and
sorghum.

Higls-lysine corn was an important factor in the
election of Nelson and me to the NAS, and we re-
ceived a dozen awards from different societies, in-
stitutions, and foundations for its discovery.
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