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Report Sumary 

Project title and contract number: Inheritance Improvement
A. 	1. 

Contract number
of Protein Quality and Content in Maize; 


AID/csd-2809.
 

2. 	Principal investigator, contractor and mailing 
address:
 

Dr. 	L. F. Bauman
 
Department of Agronomy
 
Purdue University
 
West Lafayette, Indiana 47907
 

from July 1, 1970 to March 31,
Contract period (as amended):
3. 


1975.
 

from April 1, 1974 to March 31, 1975.
 4. 	Period covered by report: 


Total A.I.D. funding of contract to date: $1,011,631.

5. 


(to March 31, 1975).
 

6. 	Total expenditures and obligations through 
previous contract
 

year: $975,900.88 (through March 31, 1975).
 

7. 	Total expenditures and obligations for current 
year: $218,498.22.
 

8. 	Estimated expenditures for next contract year: 
$250,000.00.
 

Narrative Sumary of Accomplishments and Utilization
B. 


Most new mutants with higher lysine content 
identified in Colombian
 

About 30,000 individual
 
germplasm have proved to be allelic to opaque-2. 


kernels from 30 collections from Central American 
areas have been screened
 

A number of high protein kernels have been
 with the ninhydrin test. 


The ninhydrin test could
 
identified but few have high lysine content. 


lysine varieties
 
also prove valuable as a market place test 

to identify hi&i 


yield

Modified (vitreous) opaque-2 varieties can 

be selected with good 

ood 
(not equal to normal), resistance to ear rots 

and grain insects and 


psotein quality. A recently discovered "single" gens modifier 
systmm
 

http:250,000.00
http:218,498.22
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tests does not reduce protein quality offers constdsthat in preliminary 

has been the most practicalTo date the modified opaque
able potential. 


in providing acceptable high quality protein varieties.
 

The double mutant sugary-2 opaque-2 shows excellent 
promise for in

creasing the acceptance of high lysine maize 
because of its vitreous
 

kernel, ear rot resistance and good nutritional 
value as shown by feeding
 

This type may prove useful in the future, especially 
if its lower
 

trials. 


yield can be improved by selection.
 

Six mutants have been found in 'addition to opaque-2, 
floury-2 and
 

sugary-l, shrunken-l, shrunken-2,

opaque-7 that influence lysine content: 


All
 
shrunken-4, brittle-1 and brittle-2, all of which 

decrease yield. 


the mutants improve protein quality by decreasing 
zein and increasing
 

other fractions that are higher in lysine.
 

Two varieties adapted to the temperate areas have 
been developed
 

Selection for agronomic and nutritional improvefrom diverse germplasm. 


mants is being conducted in opaque-2 and sugary-2 
opaque-2 versions of
 

these two varieties.
 

Feeding trials with maize, sorghum, wheat and triticales 
showed the
 

weanling rat was superior to the mouse, vole and 
chick as a test animal.
 

Two bulletins on "Simple chemical and biological 
methods used at Purdue
 

University to evaluate cereals for protein quality" 
and "Progress in
 

developing maize with improved protein quality" have 
been distributed.
 

Seed of various mutants and varieties has been 
widely distributed to other
 

breeding projects.
 

Diverse genotypes grown at a number of locations 
from tropic to
 

temperate areas revealed some interesting interrelationships 
betwmem
 

growth and heat units as measu-ed by temperature, 
solar radiation aud mt
 

radiation.
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A. GIEK MCK -M
 

of the world cereals provide a major portion
In the poorer countries 

Maize is one of these cereals providing
of the protein in human diets. 

This is particularly
both calories and protein for millions of people. 


the
 
true in the Central American area, Africa, and other 

regio,.5 of 

Maize, however, is deficient in the essential amino 
acids:

world. 


a major constraint on improvelysine and tryptophan. This deficiency is 


ment of human and animal nutrition.
 

Problems associated with high lysine maize have pointed 
up the
 

necessity of continued basic and applied research on 
genetics, breeding,
 

analytical methods, and nutritional characteristics 
associated with
 

Utilization of high lysine maize
 improving quality of protein in maize. 


in developing countries will be realized only through 
sustained inter

disciplinary and cooperative research into these complex 
problems.
 

Maize with improved protein quality and agronomic characteristics 
can
 

play an increasing role in solving the world's human 
and aiial nutrition
 

problems.
 

to develop source germplasm that will
 The purpose of this project is 

be capable of supplying more adequate amount of nutritionally 
balanced 

and contribute 
protein in the diets of monogastric animals, including 

man, 

to the creation of and participate actively in a 
world-wide system of 

This involves researching the most relevant 
maize improvement research. 


and important fundamental problems in this area, widely 
dissemisetif
 

the findings, providing basic undergirding for the 
internatiosal centers
 

and breeding programs in developing countries.
 



I. 	3AZMMr oF MoJp OBCT VIS AS STAIED INTUE C3 

1. 	In cooperation with other world maize research centers, 
a search
 

will be made for other genes and germpl~sm than those used in current
 

research, that may provide improved protein nutritional 
characteristics
 

These
 
of grain. Several new genes of this type have been found. 


newly discovered genes and other promising germpiaem 
will be evaluated
 

for nutritive value, genetic mechanisms and agronomic 
potential.
 

Determine performance parameters, gene action and 
interactions with
 

2. 


opaque-2, floury 2 and combined mutant hybrids to 
determine their
 

relative value and to develop more efficient breeding 
procedures.
 

for 	modifier
 
3. 	Evaluate effectiveness of various selection 

schemes 


gene(s) that improve yield, nutritive value and milling 
characteristics
 

of new gene types.
 

Investigate maximum nutritional improvement with 
these new genes in
 

4. 


conjunction with selection for embryo size and protein 
content.
 

Synthesize, through genetic manipulation, the several 
double and
 

5. 


multiple mutant gene combinations of opaque-2 and 
floury-2 with other
 

endosperm mutants (such as sugary-2, dull, waxy, 
sugary-l, shrunken-2,
 

amylose extender, soft starch, fluury-I and others) 
and examine these
 

for nutritional properties, digestibility and 
processing character

istics of the starch.
 

Examine extent and interactions of environment 
and cultural practices


6. 


on amino acid and protein levels.
 

Determine adequate field testing and sampling 
procedure'.


7. 


Establish a central biochemical unit at Purdue 
capable of instruction
 

8. 


protein

in and standardization of analytical procedures 

for maise 


samples ia laboratories of other countries.
 



9., Conduct basic research on simple and accurate methods for protein
 

amd amino acid analyses.
 

10. 	Verify nutritive value by rat feeding tests of new maize genotypes
 

shown by analysis to be high in protein quality.
 

11. 	 Study factors responsible for increased susceptibility to ear and
 

kernel rots of the opaque-2 and floury-2 genotypes.
 

12. 	Determine the relationship between environmental heat units, based
 

on air temperature and net radiant heat, at a number of latitudes
 

to determine their value in predicting adaptation to maize genotypes
 

on a worldwide basis.
 

13. 	 Develop a series of synthetic maize varieties with modified protein
 

quality, which are nonsensitive to photoperiod and have different
 

heat requirements for maturity, to achieve broad adaptation.
 

C. ACCOMPLISHMENTS TO DATE
 

Evaluation of New Mutants.
 

Mutants 40, 58 and 62, which we reported last year to be high in
 

lysine have been found allelic to opaue-2. Also, the high lysine
 

sub-families of mutants 11, 95, 102 and 106 are allelic to p.aque-2.
 

The 	frequency of occurrence of opaque-2 among the putative new mutants
 

suggests that contaminant outcrosses from the opaque-2 breeding programs
 

may 	have occurred in the source populations. Mutants 89, 103, and 106
 

are allelic to each other, but are not allelic with opague-2, opaque-l,
 

floury-2 nor soft starch (h).
 

Use of The Ninhydrin Test in Screening For New Mutants.
 

We are using a Ninhydrin technique to non-destructively test
 

normal-looking vitreous Aernels for the possible occurrence of a new 

high-lysine mutant without the undesirable side effect on kernel texture 



and grain yield. Our initial effort was to test 30 collections from
 

the gerapla~m bank sent to us by Mario Gutierrez of CUIMT. Approxi

mately 300 kernels of each collection were tested on an individual
 

kernel basis. In 27 of the 30 collections, one or more kernels gave a
 

positive or intermediate reaction. From six collectious we were able
 

to pool small endosperm pieces from six positive reacting kernels each
 

and they were analyzed in Dr. Mertz's laboratory for total protein and
 

for lysine. None of the six were high in lysine as a percent of protein,
 

but all six were high in protein, from 12.19 to 20.02%. This is our
 

first prelim'nary evidence that free amino acid levels may also rise
 

with total crude protein. Since total crude protein content of kernels
 

on individual ears may vary greatly with environmental factors,including
 

poor seed set, we are not greatly optimistic about the practical impli

cations of this evidence at present. The positive reacting kernels are
 

being grown by S.K. Vasal at CIHMCT.
 

A better controlled study of the usefulness of variations of the
 

Ninhydrin technique has been initiated.
 

Selection For Improved Protein Quality in Normal Maize.
 

Endosperms of 200 normal families (ears) from Temp HA and Temp HB
 

populations were analyzed for protein and lysine content. Variations
 

found were 7.3 tu, 14.6 for percent protein, 1.26 to 2.28 for lysine as
 

percent of protein and .150 to .238 for lysine as percent of sample
 

(Table 1). This variation is probably sufficient to assure some progress
 

in selecting for protein quality in these normal populations.
 



Table 1. Variation in protein quality in endosperm from 100 norml 
families (ears) each in Teup HA and Temp HB. 

Temp HA Temp HD 
Peccent protein Mean 11.1 10.5 

Range 7.3-14.6 7.9-14.3 

Lysine as a percent 
of protein Wean 1.71 1.74 

Range 1.26-2.28 1.43-2.13 
Lysine as a percent 

of sample Mean .187 .181 
Range .150-.238 .154-.226 

Temperate Germplasm. 

During the first coordinating conference with CIMM!T the urgent
 

need for varieties adapted to the temperate areas of the world was
 

recognized. This project developed two opaque-2 varieties, Temp 1Ao22
 

and Temp HB O2 2 from diverse germplasm from around the world and the
 

U.S. Cornbelt. These populations should permit development of non

modified or modified opaque-2 varieties. Approximately 150 full sib
 

were tested at four worldwide locations. Because of warfare, drought and
 

frost damage, data was ubtained only from the Indiana location. That
 

lication gave ranges for percent- protein and lysine as a percent of
 

protein for Temp HA of 9.5-12.7 and 3.75-4.61 and for Temp HB of 10.1

13.2 and 3.62-4.59 respectively. Selection should be quite effective in
 

establishing excellent protein quality in these two populations. Several
 

cycles of selection will be required to improve a~ronomic performance.
 

To further fill the need for varieties adapted to termperate areas
 

the variety Colus developed at Purdue from Colombian and U.S. germplasm
 

has been converted to opaque-2 and is undergoing selection.
 

Maximum effort is being placed on the improvement of the populations
 

Temp HA-su2 2 and Temp HB amg2. In the 1974 summer nursery over 300
 

ear families were selfed out to produce Sl'a in each variety. The man
 

http:3.62-4.59
http:3.75-4.61


and range 	of protein and lysine conten. represented by selected S ears
 

in the 300 families of the Temp HB 9 variety is shown in Table 2.
 

Table 2. Temp HB sua 2 synthetic whole kernel protein percent and
 
lysine as APercent of protein from SI ears.
 

Protein composition 	 Mean Range
 

Protein () 	 12.6 8.8 - 15.9
 

Lysine as a percent
 
of protein 4.30 2.70 - 6.10
 

Based on kernel vitreousness and quality 270 full sibs were made in each
 

variety in the 1974-75 winter nursery. These will be yield tested and
 

full-sib families will be selfed in the 1975 summer nursery. Full sib
 

family selection will be continued.
 

The waxy opaque-2 ) and brittle-2 opaque-2 (br o ) double
 

mutant combinations are also being developed in the Temp HA and Temp HB
 

synthetic background. A mass selection or half sib mating system of
 

selection is being used. Plants from 300 Temp HA wxo2 and Temp HB wxo2
 

families were self pollinated in the 1974 summer nursery to produce
 

Sls. The protein and lysine content of S seed from these two popu

lations is shown in Table 3.
 

Table 3. 	Temp HA wxo2 and Temp HB wxo2 synthetic whole kernel protein
 
and lysine as a percent of protein from S1 ears.
 

Waxy opaque-2 Synthetic
 

Protein Composition Mean 
Temp HA 

Range 
Temp HB 

Mean Range 

Protein (%) 11.3 9.4-15.1 11.6 8.9-14.8 

Lysine as a percent 
of protein 4.15 3.47-5.08 4.21 2.65-5.48 



protein Content in the Suwrv-2 Opaaue-2 Double Mutant.
 

The sugary-2 opLque-2 double mutant genotype is being 
backcrossed
 

into two agronomically desirable selections of "opaque-2, 
high protein"
 

line recoveries in each of the Oh43, B14 and B37 inbred 
sources recovered
 

from crosses to the Illinois High Protein (IHP) material. 
In addition
 

sugary-2 opaque-2 genotype is being backcrossed into 
one agronomically
 

2 high protein" line recoveries
 desirable selection of "modified-opaque- , 


in the 0h43 and B14 inbred sources recovered from 
crosses to IHP material.
 

Protein values in the backcross 3 generation recoveries 
from the 1974
 

nursery materials averaged around 1 to 2.5 percentage 
points higher than
 

the non-recurrent parents.
 

Multiple Aleurone Suary-2 Opaque-2 Conversions.
 

The project is studying the feasibility of increasing 
the proportion
 

of aleurone tissue relative to the starch portions 
of the endosperm in
 

an additional effort to improve the protein nutritional 
quality. In 1974
 

we completed the backcross 2 or 3 generation conversion 
of the multiple
 

The multiple

aleurone charac'p:istic to about 15 elite inbred backgrounds. 


aleurone character is not simply inherited and thus 
not easy to transfer.
 

Through selective screening for the multiple aleurone 
characteristic we
 

su2 and s12 2 with 2 and 3 aleurone 
layers


have established lines of 02, 


and hope to increase this number by selection as backcrossilng 
is continued.
 

The stability of the aleurone number and effectiveness 
of this approach
 

will be determined in hybrid evaluation and testing.
 

Evaluation of Independent Mutant Sources of Opaque-2 and Suarv-2.
 

Seven opaque-2 sources (mutational events) have 
been collected and
 

are available for distribution to provide nonrelated 
or diverse sources
 

These sources have been backcrossed into inbred* 
137 and
 

of this gene. 




W64A for detailed studies on possible allelic differences 
in inbred and 

a compound locus then differences hybrid backgrounds. If opaque-2 is 


among the mutational sources might be expected. std i l 2P)
 

I
t 2
st2 * 
Independent mutant sources of 

sugary-2 (.Lu

are being backcrossed into comon inbred backgrounds 
0h43, W67A, B37, 

These mutant sources will be evaluated in inter

2
 

Cl03, C123 and A632. 


crosses within an inbred to determine if any su2 
sources are superior
 

Backcross conversions are
 
to others and the nature of the s_2 locus. 


complete for the sugary-2 standard allele, and is 
continuing with other
 

alleles.
 

Modified and Nonmodified Opaque-2 Germplasm.
 

Studies of the modified (vitreous) opaque-2 types 
may be sumnarized
 

(a)modified varieties are more acceptable for 
human food
 

as follows: 


uses and more resistant to grain insects and ear 
rots, (b) modified
 

varieties can be selected from any heterozygous 
population, (c) there is
 

a negative relationship between vitreousness and 
protein quality, but
 

selection (based on analyses) can maintain higher 
levels of protein quality,
 

and (d) the modified phenotype varies with different environments.
 

High and low lysine varieties (3.23 vs. 2.35 g 
lysine/100 g protein)
 

have been developed in modified and nonmodified 
versions of synthetic
 

HM222. Modified and nonmodified varieties in both Temp 
HA £222 and
 

These four varieties and the four
 2222 have also been developed.
Temp HB 


22 have been random mated for three generations. 
The successive
 

from Ho 


samples of these eight varieties will be grown 
to evaluate genetic and
 

environmental stability of modified and nonmodified 
types.
 

Detailed fractionation (Landry-Moureaux) studies 
have been made of
 

high and low lysine types in both modified (vitreous) 
and opaque versions.
 



The distribution of protein fractions in low lysime types sitber med

fied or opaque phenotype is quite similar to that 
found in normal. 

Selection for the high lysine modified phenotype 
shitts the protein 

fraction pattern back toward that found in the opaqve phenotypes.
 

Modified and opaque selections with varying 
levels of protein and
 

These were increased for studies
 
lysine have been developed (Table 4). 


on environmental and getietic stability and 
for feeding trials with rats
 

Because of the variation in lysine and
 to be conducted in 1975-1976. 


protein these feeding trials may provide 
some guidance for selection
 

criteria in high lysine varieties.
 

Table 4. Variations in protein and lysine of modified 
and opaque
 

selections in HM o22.
 

Lysine as a
Percent Lysine as a 
Selection 

percent of protein percent of sample
protein 


Modified-High Lysine
 
2.72-3.45
7.3.9.9
Range 
 .272
3.04
8.94
Mean 


Modified-Low Lysine
 

8.4-12.3 
 2.29-2.82
Range 
 .285
2.59
11.02
Mean 


Opaque-High Lysine
 

3.11-3.81
7.0-9.7
Range 
 .307
3.51
8.76
Mean 


Opaque-Low Lysine
 

2.19-2.92
7.7-12.3
Range 
 .271
10,66 2.54
Mean 


Progress in protein quality improvement, kernel 
vitreousness and seed 

HB uu292 synthetic in modified opaque-2 
size is being evaluated in the Temp 

300 random ear families were selfed
1974 summer nurseryIn thebackgrounds. 


half sib mated in the 1974-195
 
and plants from si.ected SI ears were 

winter nursery.
 

http:2.19-2.92
http:3.11-3.81
http:2.29-2.82
http:2.72-3.45


--lI G-- jwifiar of O' -2 

A very promising, apparently "single", Sen modifitr has ben fome
 

that gives a vitreous kernel in combination with the opaque-2 gene.
 

This modifier gene is particularly promising because If,does not reduce
 

lysine levels as is true with most modified opaque-2 varieties (Table 5).
 

The gene is being introduced into opaque-2 inbreds and populations Temp
 

to further evaluate i;s potential value.
 22 and Temp KB o-2-2
'A 


Table 5. Kernel weight, protein and lydine of modified and opaque kernels.
 

Phenotype Kernel wt. Percent Lysine as a 
(g) protein percent of 

protein 

Vitreous * 10.7 11.8 3.7 

Opaque * 10.6 11.7 3.6 

* based on analysis of 12 families 

Double Mutant Combinations.
 

We have been studying the modification of kernel characteristics
 

and nutritional quality in maize through the genetic interactions which
 

result from double mutant combinations of endosperm mutants. For the high
 

lysine maize to become more acceptable, particula!.ly in the more tropic
 

areas, a hard endosperm, high lysine type is needed. An important finding
 

has been the discovery that the double mutant sugary-2 opaque-2 (Lu2o2) has
 

improved kernel vitreousness and kernel density similar to normal.
 

Kernel density ranged in normal from 1.24-1.29 g/ml in opaque-2 from
 

1.11-1.14 g/ml while that of sugary-2 opaque-2 ranged from 1.22-1.27 g/al.
 

Sugary-2 opaque-2 has shown some important improved characteristics over
 

standard opaque-2 and modified opaque-2 corn. The improved vitreousneos
 

of sugary-2 opaque-2 is not necessarily accompanied by a decrease in priteia
 

http:1.22-1.27
http:1.11-1.14
http:1.24-1.29
http:particula!.ly


quality (TaiI. 6). When supry-2 is combined with op(aque-2, the double 

mutant supresses tein synthesis and 0ows a tynergistic effect.
 

Table 6. 	Protein and lysine concentration of endosperm fraction samples 

from six hybrids of 1* su 2 , 02 and the norml counterpart2 , 


17t id6ft~y 

Genotypes Protein 
(%) 

Lysine 
as a percent of as 

Lysine 
percent of 

protein sample 

+ 10.41 1.75 .18 

.29
3.25
8.98 


PIu 11.04 2.20 	 .24 

.343.729.21
u22 


Baenziger 	and Glover demonstrated experimentally with use of inter

ference-contrast light microscopy that sugary-2 opaque-2 maize has a more
 

extensive protein matrix than observed in opaque-2. The improved kernel
 

thick matrix
vitreousness appeared to be associated with a more extensive 


from the sub-aleurone layer which is continuous into the center of the
 

endosperm with many subcellular enclosures that surrounded the starch
 

granules. Thus there are perhaps fewer air spaces resulting in refractive
 

indices similar to endosperm of normal maize.
 

The double mutant waxy opaque-? has protein quality equivalent or
 

better than opaque-2, improved in vitro digestibility characteristics
 

and good apparent biological value. Kernel quality is not as good as
 

sugary-2 opaque-2 but more nearly like opaque-2. It is not improved in 

vitreousness and density. Waxy opaque-2 offers a dual purpose glutinous 

high-lysine type of corn for mture grain use or for fresh vegetable corn 

and may be used in other food prcparations where glutinous starch properties 

are desirable.
 



Not unlike the normal varieties of the U.S. and tropics, the vesetable 

The high lysine mutant opaque-2mise varieties have poor protein quality. 

has been almost unused in vegetable corn improvement. Protein and carbo

hydrate quality studies (G.A. Tosello's thesis) of several endosperm 

mutants and their combinations with opaque-2 at ve?,etable corn 
maturities 

suggest that sugary-I opaque-2 would offer a superior high 
lysine high
 

water-soluble polysaccharide corn conferring the desired textural 
properties
 

for fresh eating or canned corn use. Shrunken-2 opaque-2 and brittle-2
 

opaque-2 offer improved high-lysine high-sugar corns with potential 
for
 

extending the harvest and storage quality of supersweet corns 
and may be a
 

.ry cereal products. The amylose-extender
desirable snack food or used in 


opaque-2 double mutants offers a high quality protein intermediate 
sugar
 

corn.
 

Development of Sugary-2 Opague-2 Inbreds and Evaluation of Hybrids.
 

The project has reported on the development of a restricted 
number
 

of opaque-2, sugary-2, sugary-2 opaque-2, waxy and waxy opaque-2 
inbreds
 

and their hybrids and these have been evaluated for kernel characteristics
 

- June 30, 1974).
and protein quality (See Annual Report July 1, 1973 


Seed has been released and distributed widely of the Oh43 
su2su2 , B37 su2.
 

C103 su su2 , A632 su2su2 , Oh43 wxwx, C103 wwx, 
and A632 xwx. Because of
 

the superior kernel characteristics and itaproved protein quality 
of the
 

and su o2 genes are being backdouble mutant sugary-2 opaque-2, the su2 


crossed into 16 additional elite inbred backgrounds. Emphasis is being
 

placed on evaluation of the hybrids in respect to improved kernel size as
 

it affects yield potential along with improved kernel vitreousness 
and
 

These isogenic lines are being used in developmental
protein quality. 


ad adosepr
studies to determine the interactions of genotype on the germa 

storaSe and compensating effects involved in protein, starch ad oil 4e098 

lation in the kernel. 

2 



Double Mutant$.
 
Biological Value of su 22 and 


Two growth trials were conducted 
with rats comparing the nutritional
 

quality and carbohydrate availability 
of near-isogenic 3-way hybrid normal,
 

opaque-2, waxy, waxy opaque-2, 
sugary-2 and sugary-opaque-

2 corns. Trial I
 

Rats fed diets containand 14% protein levels. 
diets were fed with 8, 11, 


2 opaque-2 showed improved average
2

ing opaque- , waxy opaque-2 and sugary

daily gain (AGD) and feed efficiency 
(F/G) over those fed normal, waxy 

and
 

protein, but no significant differences
 2 at 8% protein and 11% 
sugary-


In terms of endosperm type, at 
8% protein
 

were observed at 147. protein. 


2 opaque-2 diets had better ADG 
and F/G than
 

rats fed sugary-2 and sugary-


At 11 and 14% protein there
 2 , and normal and opaque-2. 
waxy, waxy opaque-


In trial 2 the corns were compared 
on an
 

was no effect of endosperm type. 


There were not
 
equal weight basis in protein adequate (15-16%) diets. 


Two rat digestion trials were 
conducted to
 

F/G.
differences in ADG or 


compare the same corns mentioned 
above in protein adequate and 

protein
 

In trial 1 all diets consisted 
of 78.5% of the respective
 

limiting diets. 


protein. No differences
 
corn and 21.5% supplement and 

contained about 16% 


2 and waxy were higher in
 
found. Normal, waxy opaquein ADG or F/G were 


2
2 2 and opaque- .
opaque
digestible energy than sugary-2 

and s-gary-


No differences in nitrogen digestibility, nitrogen 
retention or apparent
 

In trial 2
 
biological value were observed 

in protein adequate diFts. 


,ere fed isonitrogeneous diets 
at 8% protein containing the same
 

rats 

2


2 2 and opaque- followed
 
ADC and F/G were best for sugary- opaque

corns. 

Dry matter
2 then waxy and normal fed rats. 


by waxy opaque-
2 and sugary

digestibility was highest for waxy and normal and lowest 
for opaque-2 and 

2 2 and nitrogen digestiblity was 
highest for normal and 

sugary- opaque

2 and suary opaque-2 fed rats.
2 and lowest for opaquewaxy opaque



Nitrogen retention and biological value were highest for sugary-2
 

The&e results
opaque-2 and opaque-2 and lowest for normal fed rats. 


indicate that endosperm type has little effect on carbohydrate availability,
 

but does have an effect on protein quality of corn. Several swine feeding
 

trials are underway as well as evaluations of sugary-2 opaque-2 and opaque-2
 

corn diet comnarisons in human subjects.
 

Two metabolism studies were conducted to evaluate the nutritive 
values
 

for beef cattle. In experiment 1 (isonitrogenous basisof these same corns 


11% crude protein diets) waxy corn (74.677) was lower (P<.05) in digestible
 

energy than normal (78.21%), opaque-2 (77.907) or waxy opaque-2 corn
 

(78.207.). In experiment 2 (isonitrogenous basis - 11% crude protein diets)
 

fed the sugary-2 opaque-2 diet had higher (P<.05) absorbed, nitrogen
steers 


(64.77%) than steers fed normal (47.207.) or sugary-2 (49.82%) corn
retained 


diets, but dietary nitrogen retained was not significantly different among
 

diets. The sugary-2 diet produced a nonsignificant higher (77.91%)
 

All other parameters
digestible energy than the normal corn diet (75.917.). 


studied indicated no significant differences between corns.
 

Improved Analytical and Biological Methods.
 

The central biochemical unit has functioned as a center for instruction
 

in and standardization of analytical procedures for determination of the
 

nutritional quality of maize samples by chemical and physical-chemical
 

Each semester a special topics course (Biochemistry 695) has been
means. 


offered to graduate students in our Agronomy, Plant Pathology and other
 

agricultural disciplines on amino acid and protein analysis of cereals.
 

During this period we published a bullutin en2titled "Simple Chemical and
 

Biological Methods Used at Purdue University to Evaluate Cereals for
 

It contains directions on sample preparation, protein
Protein Quality". 




doteui-atiom, the inhydria test, tryptophas analysis, lysine amalyeis, 

the dye binding method and the biological assay for protein quality in 

rats.
 

Charact Eriation gf Proteins in High Lysine Endosperm,
 

The level of free amino acids in opaque-2 alone and in all double
 

mutant combinations with opaque-2, is 2 to 10 times higher than the
 

respective normal counterpart. The marked increase in free amino acids
 

the basis of a rapid ninhydrin test for
with opaque-2 has been used as 


The test also identifies
identification of seeds homozygous for this gene. 


high lysine mutants of barley and sorghum. Quantitative determinations of
 

the total free amino acid level in single and double mutant endosperms
 

from 4 different inbred lines showed that opaque-2 had a higher level 
of
 

free amino acid in all the genetic backgrounds studied when compared 
with
 

However, there were wide differences
the respect normal counterpart. 


In the case of the double mutant, the
between inbred lines (2-5 fold). 


introduction of opaque-2 increases the free amino acid level of all the
 

genotypes again with wide differences between different inbreds. In the
 

present reporting period, these studies were extended to whole kerall
 

analysis with similar results, and also to whole kernel analysis of hybrid
 

combinations, again with similar results.
 

These studies raised the question as to whether similar differences
 

in the total free amino acid levels existed in the early developing kernel.
 

To study this, whole kernels of opaque-2, brittle-2, the double mutant
 

brittle-2 opaque-2 and the normal counterpart of the 0h43 background 
were
 

analyzed, 10, 14, 21, 28, 35, 42 and 49 days post-pollination. It was
 

found that the total level of free amino acids was similar in these 
four
 

of the total nitro-.
selections and very high, representing about 30 to 401 

Sen in the developing kernel, ten days postpollioation. At feurt"oS days 



peotpolliuation, there was a drop in the level of total fr*eama acids 

but little or no difference in level between the mutants and the normal 

From the 21st to the 49th day postpolliration there was acounterpart. 


gradual drop in the level of free amino acids with a separation between
 

the mutants and the normal counterpart. The normal counterpart dropped
 

more rapidly than did the mutants, resulting in a higher level of free
 

amino acids in the mutants at the 49th day and at maturity.
 

In addition to following the level of free amino acids in the develop

ing whole kernels described above, each of the amino acids present in the
 

amino acid pool was determined on the same postpollination dates. This
 

study was carried out primarily to determine whether the level of lysine
 

was exceptionally high in the mutants as compared to the normal counter

part during early development of the seed. The results were similar for
 

each of the amino acids and showed that there were no major differences
 

in total percent of each amino acid in the pool on the six postpollination
 

These data suggest that lysine is not being overproduced
dates tested. 


an interference
due to the mutations studied, but rather that there is 


with the disposal of the amino acid pool with maturation in the mutants.
 

This could be related to the blockage of synthesis of zein in the mutant
 

endosperms.
 

The Landry-Moureaux method of fractionation which has been used in
 

studies at Purdue has been compared with the protein fractions obtained
 

by Wall and Paulis in studies at the Northern Regional Laboratory in
 

These studies showed that each of the Paulis-Wall
Peoria, Illinois. 


fractions could be related to one of the Landry-Noureaux fractions based
 

on amino acid composition. The basic difference between the two fraction

ation methods is the sequential extraction of the proteins from the
 



eldeperu with various reagents leaving a starch residue behind (Lmdry

with removal of albumins, globulins and sinNoureauz method) as compared 

..rst, followed by removal of starch with a starch-splitting enzyme, and 

then sequential fractionation of the glutelin fraction with special re

agents (Paulis-Wall method). 

The proteins present in the Landry-Moureaux fractions have been 

separated and their molecular weights determined by acrylaminde gel 

Using this technique, we have demonstrated that theelectrophoresis. 


zein fraction of opaque-2 endosperm contains a lower level of the 25,000
 

dalton polypeptide than is found in th, normal counterpart and in other
 

high lysine mutants. In addition, the opaque-2 mutant endosperm contains
 

not present
in its zein-like fraction a 14,000 dalton component which is 


in the normal counterpart or in other mutant endosperms. These are the
 

first major differences found between mutant endosperms and their normal
 

counterpart other than the well known shifts in proportions of the major
 

protein fractions which was reported previously.
 

Climatalogical Factors-in Maize Adaptation.
 

Length of time from planting to maturity is one of the key components
 

of adaptation of maize to seasonal climatic changes and/or the desired
 

cropping sequence. Heat unit accumulations ex zessed as Effective Grow

ing Degree Days have been shown to be a more consistent expression of time
 

to maturity of maize varieties than number of days in the Cornbelt.
 

Table 7 is a sunary of heat unit data collected at CIAT, Cali, Colombia;
 

CIRM 'asstations El Batan, Tlalticipan, and Posa Rica (high, medium and
 

low altitude, respectively); Columbia and Portageville, Missouri; Ft. Collins
 

and Rocky Ford, Colorado; Madicon, Wisconsin; and Lafayette, Indiana during
 

1971, 1972, and 1973. The consistency of response can best be measured by 



the coefficient of variability (C.V.) since the units differ in mWaitud., 

The data show that Corn Heat Units (CHU's) is more consistent in the
 

diverse climatic situations encountered in international maize varietal
 

development. The possible contribution of accumulated solar radiation
 

anO/or net radiation to such a predictive formula is still being analyzed.
 

Table 7. 	Comparison of varietal maturity 
/ rating over diverse environ

ments by four different units.
 

2/ 3/ 4/ 
Days GDD- EGDDO- CHt-/ 

C.V. Mean C.V. Mean C.V.
Entry 	 Mean C.V. Mean 


ICA-H208 138 20.2z5 1666 14.4 1592 12.3 2444 8.5
 

ICA-H255 (02) 166 11.6 1421 14.5 1400 12.5 2332 9.8
 

Eto 14Q 22.2 1686 17.3 1612 14.9 2475 9.2
 

Harinoso Mosquero 191 4.4 1459 6.0 1458 5.9 2528 4.9
 

Oaxaca 179 109 22.0 1305 16.4 1250 14.7 	 1919 11.9
 
2335 10.4
Antigue Group 2 129 23.7 1605 14.5 1532 12.6 


St. Croix 176 il.2 1515 13.9 1492 11.7 2487 6.5
 

1698 15.0 1621 12.9 2456 8.7
Tuxpeno P.B. 135 23.9 

H49 x H44 (o 2 118 21.8 1430 14.6 1370 12.7 2096 9.3
 

H71 x H60 (o) 133 21.1 1367 6.8 1334 6.2 2116 6.8
 

N28 x Mo17 122 24.1 1446 13.4 1388 11,7 2130 9.3
 

A619 x A632 114 23.0 1362 12.8 1305 10.6 2003 7.1
 

USA 342 x Eto 134 21.7 1708 15.0 1622 13.1 2464 10.1
 

ICA-H302 135 20.8 1737 16.0 
 1656 14.0 2497 8.9 

Composite K (02) 125 21.5 1652 12.7 1573 11.2 2362 8.3 

Colus 116 22.7 1461 14.9 1393 13.2 2112 10.1 

Planting to physiological maturity as indicated by "black layer"
 
formation.
 
Growing Degrge Days = E Daily Min + Max Air Temp - 10C where Mins.
 

less than 	10 C are set equal to 10.
 

Effective Growing Degree Days, Same as above except Maximum Tempera

tures greater than 300C are set equal to 30.
 
M
Corn Heat 	Units = E Daily 1.85 (Max-10) - .0262 (Max-10)2 + Min - 4.4 

Legitimate comparisons cannot be made between different varieties
 

(horizontal lines) in this table because of differing combinations
 

of environments.
 



AND UILIZA!I Of 3FSAUGHRSUT
9.l! MUMA! 


1. Disseig- tion of Results:
 

a. Research report. Approximately 600 copies of the 1973-74 annual
 

research report were distributed to over 500 maize cooperators 
and
 

interested centers, missions or inst.tutions representing 
over 35
 

countries and many institutions within the U.S.
 

Over 1,000 copies of an updated and expanded
b. Status re _ot. 


revision of a bcatus report--Purdue University Agricultural 
Experiment
 

Station Research Bulletin 914 (October 1974)--entitled "Progress In
 

Developing Ma!ze With Improved Protein Quality" has 
been distributed
 

The report includes an update on
 world-wide to interested persons. 


analytical techniques, more recent findings on modifier genes of
 

opaque-2, other high lysine genes, and the double mutants 
with opaque-2.
 

- International

Approximately 900 copies of a second status report 


Programs in Agriculture, Agricuxltural Experiment Station, 
Purdue Uni

versity Station Bulletin No. 70 (March 1975) - entitled "Simple
 

Chemical and Biological Methods Used at Purdue University 
to Evaluate
 

Cereals for Protein Quality" has also been distributed 
worldwide to
 

interested maize workers.
 

Project

Workshops, symposia, papers and seminars presented.
c. 


personnel presented papers and/or participated in the following activ

Ame:ican Society of Agronomy Annual Meetings; The 
American
 

ities: 


Association of Cereal Chemists; VII International Symposium 
on Carbo

hydrate Chemistry, Bratislavia, Czechoslovakia; Sixth Meeting of Maize
 

Breeders of the Andean Zone, Maracay, Venezuela; Protein 
Advisory
 

Group (PAG) participant in workshop to develop guidelines 
on chemical
 

and biological methods for plant breeders, PAG (UNICEF) 
Obregon, Mexico;
 



Cousittee uuber of U.S. National Comittee of the International 

Union of Nutritional Sciences, Washington, D.C.; SF Special Study
 

Panel on Cereal Proteins, Massachusetts Institute of Technology;
 

International Symposium on "Haploids in Higher Plants - Advances and
 

Potential", Guelph, Canada; member evaluation team for proposed East
 

African coordinated cereal breeding and protein quality evaluation
 

project. Project personnel gave several seminars and participated
 

in special field day and program activities in the Agronomy, Biochem

istry and Animal Science departments at Purdue University and at
 

other institutions.
 

d. Germplasm distribution and utilization. The following research
 

workers in the respective countries have received germplasm of Purdue
 

developed opaque-2, sugary-2 or waxy inbred lines, HMo 2 Synthetic,
 

Mod Syn Aco2, Mod Syn Bo2, Temperate HA and HB opaque-2 and sugary-2
 

opaque-2 and other sources of material for improvement of the protein
 

quality of maize: Balint/Hungary; Nemeth/Hungary; Grobman/Peru;
 

Gul/Afghanistan (Kanbul); Dunford/U.S.A.; Poey/Mexico; Kabore/Upper
 

Volta, Africa; Fuwa/Japan; Bonucci/U.S.A.; Tomov/Bulgaria; Kim/Korea;
 

Pollmer/Germany; ludy/Pakistan; Gaova/USSR; Boehm/Germany; Nekez/Hungary;
 

Munck/Denmark; Djamhuri/Indonesia; Yang-Lai/Taiwan; House/Lebanon;
 

Izuno/Pakistan; Alber/Germany; Vrba/Czechoslovakia; Lorenzoni/Italy;
 

Radic/Yugoslavia; Rivera/Colombia; Rosic/Yugoslavia; Vasal/Mexico;
 

Ordas/Spain; Chang/Taiwan; Pinot/France; Ekpenyong/Nigeria; Marani/
 

Italy; and Vitosovic/Yugoslavia.
 

In addition, germplasm for protein quality improvement was dis

tributed to several different private or public institutions and
 

maize companies within the U.S.
 



2. UttiLutio_: Ividence iad Cases Where Findings are ]eina Used in 

Requests have continued for information, seed, analytical
 

monitoring, technical help and advice concerning protein quality
 

Interest was especially strong in modified
improvement in maize. 


opaque-2 and double mutant (sugary-2 opaque-2) germplasm. The number
 

of visitors from LDC's and other countries to Purdue continued to
 

These personal contacts have helped guide numerous protein
increase. 


quality improvement programs along more productive approaches.
 

The graduate students trained under the general direction of this
 

project, short term trainees, and visiting scientists constitute a
 

vital part of project efforts to disseminate information relevant to
 

LDC and other programs in protein quality improvement.
 

3. 	Plans for Effective Ways to Expand Use of Research 
Results:
 

The project continues to coordinate with CIHMYr on an annual
 

basis to develop work plans and cooperative and complimentary 
programs
 

for maize protein quality improvement for LDC's, particularly 
for the
 

The linkage with CIHMT, Andean Zone breeders,
 more temperate regions. 


East Africa, Guatemala and other research centers in the world-wide
 

maize network appears essential in providing of backstopping 
basic
 

research, fundamental knowledge and multi-disciplinary scientific
 

capacity to international centers and LDC institutions.
 

The project is planning to assist the Guatemalan maize workers
 

to identify problems and develop programs related to the production of
 

maize and improved protein quality maize.
 

Plans are underway to assist in a maize and sorghum workshop
 

planned for Africa to identify problems, provide training, and
 



"exchange information related to utilization of improved protein 

quality mize in that region.
 

Cooperative testing of temperate selections continues in 
Paki

stan, Israel, Mexico, and U.S.
 

Continued training of students, visiting scientists and research

ers (short-term) from LDC's on problems related to maize 
production
 

and protein quality improvement facilitates exchange of 
information
 

among maize workers and provides trained leadership for conducting
 

maize breeding and production programs for national programs.
 

The Project personnel continue to participate in seminars and
 

workshops, share germplasm and data related to protein 
quality improve

ment, and cooperate with maize workers in the world-wide 
network.
 

involvement of LDC or U.S. Personnel and Institutions:
4. 


An annual workshop and planning conference with CIMMYT 
maize
 

resear'h staff (Drs. E. W. Sprague, E. Johnson and E. Villages) was
 

held August 21-23, 1974 to exchange information, discuss 
research
 

Testing of wide-based temperate germplans and coordinate effortF, 


plasm materialp for the more temperate regions of the world has been
 

These materials are being developed
coordinated by CIMMYT-Purdue staff. 


to compliment the varieties developed for the more tropical 
areas of
 

Project personnel are involved in cooperative work 
to
 

the world. 


screen the Central American maize germplasm from the 
germplasm bank,
 

Project personnel have
Mexico City, for vitrious high lysine types. 


been involved with the Andean corn breeders in special workshops 
to
 

guide the development and utilization of improved protein 
quality
 

Project personnel have participated in an evaluation team 
for


maize. 


the proposed establishment of a cereal protein quality 
laboratory,
 



extosalos of %its bi **diag methods study sad coordimted 4tisom 

resistance and protein quality breeding project for East Atrica. 

Students from Mexico (Alfredo Navarro), Philippines (Lourdes
 

Brazil (Geraldo
Nazare.), Colombia (Hugo Zorillo, Nora D'Croz), 

(P. StepnenTosello), Pakistan (Iffat Rahim) and the United States 


Baenziger, Theron E. t>.±ndy) were in graduate training during the
 

P. S. Micra (India) received training as a postproject year. Dr. 


doctorate during the year.
 

Extensive contacts by visitors from LDC's, other countries and
 

the U.S. to the project and its personnel provide contiauel oppor

tunity to exchange information, stimulate research, give technical
 

help on breeding and analytical procedures and advice on utilization
 

of high lysine maize materials in their breeding programs.
 

Excensive correspondence has also been an important means of
 

disseminating information, data, technical help and germplasm source
 

of the improved quality maize materials to the LDC's.
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OL31CTIVES:
 

In cooperation with other maize breeding programs (particularly 
that
 

1. 


of CIM4Yt), expand the search for and evaluation 
of new mutants and germ

plasm sources 	with improved protein quality and 
quantity, both in existing
 

maize populations and by means of chemical 
mutagens and to introduce these
 

new mutant genes into lines and populations 
of use to breeders in LDC's.
 

Concentrate on the development of double 
and multiple combinations
 

2. 


of endosperm mutants and determine the effect 
of associated interactions
 

on nutritional quality, physical properties 
of the kernel and agronomic
 

the improvement of grain type and yield
characteristics, with a view to 


as well as protein content and quality.
 

Determine the extent of interactions of 
both genezic backgrounds and
 

3. 


environment with individual or combinations 
of endosperm mutants and how
 

such interactions may influence protein 
quality and breeding methods.
 

4. 	In cooperation with CIMMYT and other 
maize workers, develop special
 

source breeding materials with improved nutritional 
and
 

varieties and 


Special emphasis will be
 
agronomic characteristics for use in the 

LDC's. 


given to opaque-2 and sugary-2 opaque-2 materials 
adapted to more temper

ate regions.
 

WORK PLANS:
 

New genes and germplasm to provide improved 
protein quality (Objective


1. 


1).
 

Some of the new mutants have shown high lysine 
in preliminary


a. 


Others have shown stable inheritance in F2 
ratios but
 

analyses. 


have not yet been analyzed for lysine.
 



(1) 1975-1976 - The mutants which have shown high lyslie values
 

Those with regular inheritance patterns shall
will be retested. 


be analyzed. Allele 	testing will continue against genes of similar
 

phenotype.
 

(2) 1976-1978 - Continue allele and linkage tests and start intro

duction of any promising new mutants into elite germplasm, 
and com

bine and evaluate 	epistatic effects with other genes 
such as
 

opaque-2, floury-2 and sugary-2.
 

b. 	Screening for high lysine mutant types.
 

With tests of material from the Germplasm Bank
(1) 1975-1976 

(CIMMYT) as a base, the search shall be broadened to new collections
 

from the most promising areas indicated by the ninhydrin and other
 

Search for and evaluation of new high lysine
screening procedures. 


mutants in chemical mutagenized maize lines.
 

The search shall be further broadened and promising
(2) 	1976-1978 -


Completely modified opaque-2,
material analyzed in more detail. 


and/or new high lysine germplasm of "normal" phenotype 
will be
 

the object of the 	search. Promising new mutants will undergo
 

in la above.
further evaluation 	as 


c. 	Definitive data is needed on selection for improved 
protein quality
 

This approach would have the theoretical advantage of
 in normal maize. 


improving protein quality without the agronomic disadvantages of lower
 

yield, ear rot and/or grain inseLt 	damage associated 
with the use of
 

mutant genes.
 

Analyze normal kernels from segregating families
(1) 1975-1976 

(ears) of the original random mated versions of Temp 
lL and Temp MS.
 

Approximately 100 	ears in each variety shall be analysed 
for protein
 



and lysine. If there are a promising number of lysine 'auSlies
 

in each variety will be analyzed.
then 100 additional ears 


1975-1976 - In winter nursery intercross the 25 families with
 

highest lysine content.
 

(2) 1976-1978 - Test 100 full sib families for another cycle of
 

recurrent selection. A decision will be made at this time depend

ing on results obtained whether to continue this approach.
 

2. Develop populations with improved protein or qualities for temperate
 

areas (Objective 4). 

a. Two opaque-2 populations designated Temp HA and Temp RB were de

veloped and have undergone mild selection pressure for modified kernel
 

type and resistance to H. turicicum and smut (Ustilago zeae). In the
 

sibs were yield tested at four worldwide locations.
 summer of 1974, full 


(1) 1975-1976 - Based on agronomic performance and protein quality
 

150 	full sibs will have been made among selected families in each
 

These shall be yield tested at
population in the winter nursery. 


4 or 5 worldwide locations.
 

Continue full sib selection for agronomic perform(2) 1976-1978 

ance, modified kernel types and protein quality. When either or
 

both populations show promise at a location one may wish to practice
 

intensive testing for more specific adaptation to that area. These
 

populations could fit into a reciprocal recurrent selection program
 

for development of a population cross hybrid.
 

b. Maximum effort will be placed 	on the development of the Temp HA and
 

Temp HB sugary-2 opaque-2 populations. A full-sib family selection
 

method to improve these high lysine sugary-2 opaque-2 maize populations
 

is being used.
 



200 selected full-sib families in each population
(1) 1975-1976 

shall be yield tested and simultaneously grown in the 1975-sumer
 

breeding nursery to be self-pollinated. Each family will be
 

analyzed for protein quality, kernel size, weight 
and vitreousness
 

and poorer families discarded. Selected families will be grown in
 

the 1976-winter breeding nursery to make 200 full 
sibs.
 

(2) 1976-1978 - The 	contractor shall continue full sib selection
 

as outlined above in the populations.
 

Selection for higher protein content in double-mutant 
combinations
 

3. 


(Objectives 2 and 4).
 

a. 	Selection for protein content in the sugary-2 
opaque-2 double
 

The sugary-2 opaque-2 double mutant genotype is
 mutant combination. 


being backcrossed into at least two agronomically 
desirable selections
 

of "opaque-2, high protein" line recoveries in 
each of the 0H43, B14
 

and B37 inbred sources recovered from crosses 
to Illinois High Protein
 

material.
 

(1) 1975-1976 - Continue backcrossing and selection for increased
 

levels of protein based on evaluations for agronomic 
performance,
 

kernel quality, kernel size, and protein quality.
 

(2) 1976-1978 - Continue backcrossing and selection for improvement
 

in protein nutritional quality within the sugary-2 
opaque-2 selected
 

recoveries.
 

Selections for protein content in the multiplealeurone sugary-2
b. 


opaque-2 inbreds.
 

Selection and continued backcrossing to the
 (1) 1975-1976 

recurrent double-mutant lines shall be made to 
increase the pro

portion of aleurone tissue relative to the starch 
portion of the
 



an additional effort to improve the protein nutritionalendosperm in 

quality. Detailed genetic and agronomic evaluation of the increased
 

sleurone layered recoveries.
 

(2) 1976-1978 - Advanced generation recoveries shall be selected
 

for increased number of aleurone layers and protein quality in the
 

endosperm as further backcrossing proceeds to develop isogenic
 

material and eventual evaluation in hybrids.
 

Detailed genetic and agronomic evaluation of independent (mutant) sources
4. 


of opaque-2 and sugary-2 (Objectives 1 and 2). Seven opaque-2 sources and
 

four sugary-2 sources are being backcrossed into common inbred sources to
 

evaluate possible differences among the sources.
 

- in summer nursery evaluate preliminary crosses
(1) 1975-1976 


and inbred sources for agronomic performances, grain quality, and
 

protein quality to determine possible differences among mutant
 

sources. Continue backcrossing and make more advanced crosses.
 

(2) 	1976-1978 - Continue backcrossing and evaluation in hybrid
 

to determine if there are any differences
and inbred backgrounds 


among the sources.
 

- To achieve a more normal phenotype for consumer accept5. Modifier genes 


ability and ear rot and grain insect resistance detailed studies of modified
 

types 	shall be conducted (Objective 3).
 

A modified opaque-2 synthetic H11o2 has been developed from Cornbelt
a. 


A very critical
germplasm and released as a source of modifier genes. 


question involving the practical utilization of selected high lysine
 

modified opaque-2 types concerns the stability of the characteristics
 

under random mating and various environmental conditions when used by
 

the farmer.
 



Modified and non-odified versions of synthetics Tet IA 2 d 

Temp M h and high and low lysine selections of modified and non

successmodified versions of synthetic fMo 2 have been random mated 

ively for two or three generations.
 

Evaluate the random mated generations of the
(1) 1975-1976 

eight populations described above in several environments.
 

(2) 1976-1977 - Continue the testing for a second year as
 

necessary to obtain definitive data.
 

b. Data on relationships of agronomic performances to modified types
 

and protein quality shall also be obtained in the above experiments
 

in 1976-1977.
 

Current research has shown that selection for modified opaque-2
c. 


types 	results in lower lysine levels and a shift in the protein fractions
 

High pro(Landry-Monreaux method) toward that found in normal maize. 


tein quality types can be obtained in modified types by selection.
 

However, it is not known what change(s) occurs in protein fractions
 

protein quality of those fractions to achieve those types.
 

The high and low lysine version of the modified
 

or 


(1) 1975-1976 

(Sec. 5-a-1) shall be
and non-modified versions selected in Hlio 2 


subjected to protein fractionation, protein quality (amino acid
 

patterns) of these fractions and electrophoretic separation of
 

proteins.
 

d. Conduct detailed genetic and agronomic studies of new single gene
 

modifier that gives a vitreous opaque-2 phenotype with little if any
 

reduction in protein quality.
 

(1) 1975-1976 - Backcross into selected materials.
 

(2) 1976-1978 - Continue backcrossing and evaluate in. hybrids,. , 



s. The sgary-2 opeque-2 double utaut genotype bas bees c¢ter4 

with specific selections of modified opaque-2 vitreous kernel peano

type (Objectives 2 and 3). 

(1) 1975-1976 - Continue backcrossing and selfing in advanced
 

generation materials and continue half-sib selection in sub

population of Temp HB sugary-2 modified 22, and evaluate the
 

sugary-2 opaque-2 genotype in the modified opaque-2 backgrounds.
 

(2) 1976-1978 - Evaluate for &gronomic performance, protein
 

quality, kernel size and degree of modification and determine if
 

approach is practical before continuing selection as outlined
 

above.
 

6. 	Development of double and multiple combinations of endosperm mutants
 

A continued effort is being made in evaluating genetic
(Objective 2). 


interactions of endosperm mutants with opaque-2 and other promising new
 

protein quality mutants which may be discovered.
 

a. Endosperm mutant and opaque-2 double and multiple mutant isogenic
 

line development.
 

(1) 1975-1976 - Continue backcrossing of the sugary-2 opaque-2
 

and other double mutants to elite inbred backgrounds. Backcrosses
 

5 and 6 should be completed in sugary-2 opaque-2.
 

(2) 1976-1978 - Hybrid evaluation of interactions for improved
 

protein quality, kernel and nutritional characteristics and
 

agronomic quality.
 

b. Study of sugary-2 and sugary-2 opaque-2 gene interaction effects
 

in high lysine and low oil selections on total caloric content.
 

(1) 1975-1976 - Conclude study on evaluation of agronomic per

formance, kernel, oil and protein quality in sugary-2 and
 



sugary-2 opaque-2 high and low oil background reco,ries. 

1975-1976 - Conclude study on sugary-2 endosperu dosage inter

action and effects of outcrossing on protein quality, caloric
 

content, kernel size, weight and density.
 

c. Detailed genetic 	and agronomic evaluation of the sugary-2 and
 

sugary-2 opaque-2 system in large seeded and flint backgrounds to
 

study associated interactions on nutritional quality, physical proper

ties of the kernel and agronomic characteristics.
 

(1) 1975-1976 - Continue backcrossing to adapted cuzco synthetic
 

and to flint backgrounds.
 

(2) 1976-1978 - Continue backcrossing and evaluate sugary-2 and
 

sugary-2 opaque-2 segregates.
 

Studies will be conducted to determine the developmental constraints
d. 


on seed size in the 	sugary-2 and sugary-2 opaque-2 double mutant.
 

(1) A175-1976 - Characterize the developmental process of grain
 

filling ind associated compensation effects in endosperm and germ
 

biosynthetic development.
 

(2) 1976-1978 - Continue developmental studies as leads are dis

covered.
 

e. 	Development of promising nei genotypes.
 

As new mutants are described under Objective I
(1) 1975-1976 

and appear promising, intercross with selected endosperm mutants.
 

(2) 1976-1978 - Evaluate double mutant segregates for agronomic
 

quality, kernel characteristics, protein and nutritional quality.
 

f. Conduct basic research on the nature of proteins in double mutant
 

combinations.
 



(1) 1975-1976 - Characterize the nature of the protein bodies 

and matrix protein distribution in selected key matants. 

Characterize the protein-profiles in 4nvestigations to elucidate 

the genetic control of protein quality. 

Continue studies on protein biosynthesis in
(2) 1976-1978 

double mutants.
 

Improved analytical and biological methods (Objectives 1, 2 and 3).
7. 


1975-1978 - The biochemistry laboratory will continue to function as a
 

center for instruction in analytical procedures for screening maize for
 

protein quality. A special course on this subject will be offered to
 

Purdue graduate students in plant breeding and related areas each 
semester,
 

and trainees supported through CIMMYT funds will be taught our 
methods.
 

The laboratory will continue to search for better methods to evaluate
 

protein quality in maize breeding programs. This includes the develop

ment of new methods as well as evaluation of metI aa proposed by other
 

laboratories.
 

The laboratory will continue to cooperate with the Protein Quality
 

Laboratory at CIMMYT in screening new analytical methods proposed 
for
 

cereal protein analysis.
 

8. Characterization of ksy proteins in high lysine endosperms (Objectives
 

1, 2 and 3).
 

1975-1976 - The individual basic polypeptides in zein and a zein-like
 

fraction in opaque-2, brittle-2 and b222 show characteristic differences.
 

Thmse polypeptides will be isolated and their amino acid patterns 
deter

mined.
 

9. Mechanism of biosynthesis of protein in high lysine mutants 
(Objectives
 

1, 2 and 3).
 



1975-1976 - lnzyams involved in lysine biosynthesis in nise will be 

deterined quantitatively and their sensitivity to feedback 
control
 

tested in both developing and germinating normal and opaque-2 
seeds.
 

Protein nutritive value (Objectives 2, 3 and 4).
10. 


a. Animal subjects.
 

(1) 1975-1976 - Feeding trials with rats and swine will be under

taken with the cooperation of the Department of Animal Sciences,
 

for initial evaluation of new genetic materials (sugary-2,
 

sugary-2 opaque-2, waxy, waxy opaque-2, opaque-2 and 
the normal
 

counterpart 3-way hybrids).
 

Continue animal nutrition evaluation.
(2) 1976-1978 

b. Human subjects.
 

(1) 1975-1976 - A cooperative study will be carried out with the
 

(a) evaluate in adult human
Department of Foods and Nutrition to 


subjects the nutritional value of the sugary-2 opaque-2 double
 

mutant corn compared to opaque-2 corn and (b) compare the response
 

of human subjects to those sources of intact protein.
 

(2) 1976-1977 - Depending upon results obtained above, evaluate
 

in feeding trials with rats combinations of nutritionally 
improved
 

corns in food blends characteristic of those consumed 
in various
 

parts of the world.
 

The new genetic types will be evaluated for milling quality.
c. 


Food products and raw ingredients from genetically improved
1975-1978 

high lysine corns will be evaluated for (1) keeping 
quality factors,
 

(2) sensory evaluation and acceptance, and (3) proximal 
consumption
 

of the products.
 



F. IIUYOVV=I OF MMMIIY NMI& A 

Women: 

Graduate Students: 

Nora D'Croz 

Lourdes Nazarea 

Iffat kahim 

Laboratory Assistants:
 

Dorcas Carter
 

Susan Lessman
 

Gina H.Y. Lu
 

Field Assistants:
 

Catherine Axtell
 

Debbie Magaw
 

Jayne Daughtery
 

Sheron Mecham
 

Blacks:
 

Dorcas Carter (above)
 

Spanish:
 

Nora D'Croz (above)
 

Lourdes Nazarea (above)
 

Orientals: 

Wen Yang Lai - Laboratory and Field Technician 

Bakshy A. Chibber - Post doctorate 
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CMINIG ABILITY FMO AND IMIIRIUTIONSKIPS AM= 133 

Pg K, Mg, Fe, and Zn CONTENT AND KINEL WRIGNH, 

VOLUME, AND DENSITY IN MAIZE 

J. M. Arnold and L. F. Bauman
 

ABSTRACT
 

Combining ability for concentration and grams per 200 kernels of P,
 

K, Mg, Fe, Zn, oil, and protein, and kernel weight, volume, and density
 

in a six-parent diallel of maize a mays L.) inbreds was examined.
 

Correlations among certain variables were computed. Significant variation
 

was detected among GCA effects for concentration and grams per 200 kernels
 

of all kernel constituents except K concentration, but among SCA effects
 

only for oil concentratii. GCA and SCA effects were significant for
 

kernel weight, volume, and density. Highly significant correlations were
 

found between P and K, P and Mg, and K and Mg concentrations.
 



CIerICAL 1ZIIEL CHA3ACTI]ISTIC, ' MNOIAL AND O N(U-2 

NAIZE HYBRIDS 

&tICNLDAS 

J. M. Arnold, L. F. Bauman, and Dejene MaKonnen
 

ABSTRACT
 

Six normal maize (Zea mays L.) hybrids and the opaque-2 counterparts
 

were compared for kernel weight, volume, density, and number and whole
 

kernel concentration and content of P, K, Mg, Fe, Zn, protein, and oil on
 

7-day intervals beginning 28 days after pollination. At 56
six dates at 


days after pollination, kernel weight, volume, and density of the opaque-2
 

hybrids were l.0, 6.9 and 10.2% less, respectively, than for the normal
 

hybrids. Kernel weight was only slightly greater for the normal kernels
 

at 28 and 35 days after pollination, but the difference between the kernel
 

Kernel volume was similar at
types increased after the 35-day harvest. 


28, 35, 42 and 49 days but, greater for the normal kernels at 56 and 63
 

days. Kernel density of the normal kernels was higher at all harvests
 

with the difference between kernel types being similar at all harvests.
 

At 56 days after pollination, the opaque-2 kernels were significantly
 

greater in P, K, Mg, Fe, Zn, and oil concentration. When expressed as mass
 

similar to opaque-2
per 200 kernels, the normal kernels were higher than or 


kernels in all constituents except K at 56 days after pollination. The
 

opaque-2 kernels were higher in concentrations of all constituents at all
 

harvests and were higher in content of K per 200 kernels at all harvests.
 



WEIGHT, OIL, AND FATTY ACID CCIGOSITIOU
 

OF COMPONENTS OF NORMAL,
 

OPAQUE-2, AND FLOURY-2 MAIZE KERNELS
 

J. M. Arnold, Albin Piovarci, L. F. Bauman,
 
and C. G. Poneleit
 

ABSTRACT
 

Normal and opaque-2 kernels from segregating maize (ea mays L.)
 

ears were examined for kernel components, oil content, and fatty acid
 

composition. Normal kernels were higher in kernel and endosperm weight
 

and embryo oil concentration, and lower in embryo weight than opaque-2
 

kernels. Compared to normal, the oil from opaque-2 kernels was slightly
 

but significantly higher in olcic acid and lower in linolcic acid com

position. Comparison of normal and floury-2 kernels from segregating
 

ears showed kernel and endosperm weights of the normal kernels were
 

greater than for floury-2, and embryo weight was similar. In a compari

son of near-isogenic flour3-2 and normal single-cross hybrids, the kernel
 

components were heavier in normal, while percent oil was greater for
 

floury-2 owing largely to a greater proportion of embryo. Percent oil
 

in embryo was less in floury-2 hybrids.
 



DISTRIBUTIOUflOTfIN 14ATlIX AND PROTEIN BODY SIZE AND 


ZEA FAYS, L.
IN VARIOUS ENDOSPERM MUTANTS IN 

P. Stephen Baenziger and D. V. Glover
 

ABSTRACT
 

Kernels from thirteen endosperm mutants and 
their double combi

nations with opaque-2 L02), each nearly 
isogenic in 0h43 and the normal
 

counterpart; and three mutants and their double combinations with 02
 

each nearly isogenic in W64A, B37, and C103 
and their normal counter

parts were thin sectioned, destarched, and 
the endosperm protein body
 

and matrix morphology was studied using interference-contrast 
light
 

Protein body size was significantly affected 
by mutants
 

microscopy. 


The endosperm mutants with high-lysine levels had no
 
and inbred lines. 


visible protein bodies while the mutants with 
intermediate-lysine
 

levels had fewer and generally smaller protein 
bodies than did the low-


No protein bodies were observed in the double-mutant
 lysine mutants. 


combinations with 
2*
 

The data suggest that protein matrix may be 
involved in the
 

The matrix of vitreous sugary-2
expression of kernel vitreousness. 


opaque-2 (su 2 ) kernels resembled the 
matrix of vitreous sugary-2
 

(1974)
 
2) kernels and not that of 

02 kernels. Agronomy Abstr. p 65. 
(.!u




A SKAICH FOR NEW ENDOSPER MUTAMS OF MAIZE AND FOR GIUS 

TO MDIFY THE EXPRESSION OF OPAQUK-2
 

Nora Elssy D'Croz
 

ABSTRACT
 

Twelve sources of Colombian races, hybrids and composites 
were
 

selfed and each ear inspected to find new putative endosperm 
rmutants.
 

The 116 found were planted ear-to-row, selfed again and outcrossed 
to
 

ETO (aColombian commercial variety) and to A619 x 
A632 where possible.
 

The F2 segregation was tested for fitness 
to the genetic ratios 3:1
 

Allele tests with four known mutants 02P ol1
and 15:1 by Chi square. 


Four
 
fla and h (soft-starch) were carried out for 15 of the mutants. 


and one from Andaqui

mutants from World Composite showed allelism to fl 


the other nutants tested gave negative results.
 was allelic to 029 


In one or more analysis, eight different mutants showed 
a high
 

lysine content. An additional eight mutants had at least one family
 

However, more study is needed
 which was intermediate in lysine content. 


potential for nutritional
 to determine if the higher lysine levels and a 


improvement are characteristics of the new mutants.
 

The expression of most of the mutants was subject to 
modification
 

by genes which were in the source population, in ETO or 
in A619 x A632.
 

The second objective of this study was to search for sources 
of
 

Seven
 
modifier genes for a more normal (flint) expression of opaque-2. 

x were self-Colombian races and a population derived from ETO GSA342 

pollinated and outcrossed to the honozygous o2g.e-2 lines 215 and 216 

which have the soft expression. 



The 7 segregation was classified in three- and four-class sepAr-


Chi square tests were performed for the two ways of classifiation. 


These tests indicated whether the intermediate classes 
11 and
 

cation. 


III were modified opaque-2 kernels or if they deviated 
significantly
 

from 3:1 due to an excess of normal kernels, where 
possibly some homo

sygous opaque-2 kernels were so modified that they 
were visually indis

tinguishable from normal kernels.
 

This inveLitigation showed that ETO x USA342, Pira, Puya 
and Comun
 

were good sources of modifier genes for opaque-2.
 



COLOMBIAN MAIZE GERFLASM AS SOW.CIS OF MODIY/X 

GENES FOR OPAQUE-2 

N. E. D'Croz and P. L. Crane 

ABSTRACT 

Despite its proven nutritional superiority, opaque-2 maize (Zea
 

mays L.) has not been generally accepted in tropical regions and for
 

certain food uses because of its soft endosperm. Modified (more vitreous)
 

opaque-2 types would be more acceptable. Seven Colombian maize races
 

and a population derived from ETO x USA342 were outcrossed to the homo

zygous opaque-2 lines L215 and L216 which have the soft endosperm ex

pression. The crosses were self-pollinated, and the F2 kernels were
 

classified into three classes over a light. One sub-family (single ear)
 

of each family was reclassified into four classes on a black-topped
 

table with a lighted magnifying glass. Chi square tests indicated
 

indirectly whether the intermediate classes II or II and III were modi

fied opaque-2 kernels or if the ratios deviated significantly from 3:1
 

due to an excess of normal kernels. In the latter case some homozygous
 

opaque-2 kernels were so modified that they were phenotypically indis

tinguishable from normal. A high percentage of intermediates indicated
 

that ETO x USA342, Pira, Puya and Contin were good sources of modifier
 

genes for opaque-2. Amagace~o was less promising and conflicting results
 

within our smaller samples of Clavo, Chococe1o and Pollo made iV impossible
 

to draw definite conclusions about their potential.
 



DIGESTIBILITY STUDIES WITH RATS Of
 

NEAR ISOGENIC MUTANT HYBRID CORNS
 

D. M. Forsyth, Kathleen Fleck, Ronda Gretebeck
 
and D. V. Glover
 

ABSTRACT
 

Two rat digestion trials were conducted to compare a 3-way hybrid
 

(1) normal corn (n) and the genetic single and double mutant near iso

genic conversions (2) opaque-2 (o2) , (3)waxy (_c, (4)waxy opaque-2
 

(.wx2), (5) sugary-2 (su2) and (6) sugary-2 opaque-2 (s 2u ) in protein
 

adequate and protein limiting diets. In trial 1, all diets consisted of
 

78.5% of the respective corn and 21.5% supplement and contained about 16%
 

protein. Eight individually caged rats were ad lib. fed each diet for
 

23 days. Energy digestibility (DE) was determined by the Cr203 indicator
 

procedure, whereafter 5 rats per treatment were moved to metabolism cages
 

for total fecal and urinary collections. No differences in average daily
 

gain (ADG) or feed/gain (F/G) were found. DE's by the Cr203 procedure
 

for treatmento 1-6 were 87.5, 82.8, 87.4, 88.8, 84.5 and 84.3%
 

,4,1,3> 5,6,2; P< .01). DE's by total collection for treatments 1-6
 

were 90.2, 87.3, 89.1, 89.4, 87.6 and 87.4%. Both methods found treat

ments n, wxo 2 and wx higher in DE than su2 , su 2 and o2 No differences
 

in N digestibility, N retenLion or apparent biological value (BV) were
 

observed in these protein adequate diets. In trial 2, 6 rats per treat

ment in metabolism cages were fed for 24 days isonitrogeneoiis diets (8%
 

protein) containing the corns as in trial 1. ADG and F/G were best for
 



u ofollowed by vzo2 and eu2 than wx and n fed rats. Dry mtter 

digestibility was highest for wx and n and loweat for and su o2 and 

N digestibility was highest for n andM 2 and lowest for,2 and Lu2,2 

fed rats. N retention and BV were highest for sug2 and22 and lowest 

for n fed rats.
 



CCNPARkTIV SUSCEPTIBILITY TO AMYLASES OF STRCES 

FROM DIFFERENT PLANT SIECIES AD SEVERAL SINGLE
 

ENDOSPERM MUTANTS AND THEIR DOUBLE-MUTANT
 

COMBINATIONS WITH OPAQUE-2 INBRED Oh43 MAIZE
 

H. Fuwa, M. Nakajima, A. Ramada,
 

and D. V. Glover
 

ABSTRACT
 

Several endosperm mutants each nearly isogenic in the maize inbred
 

Oh43 (Zea mays L.), their double-mutant combinations with opaque-2 and
 

the normal counterpart were studied for their relative susceptibility
 

of granular and gelatinized starches to amylases.
 

When opaue-2 was combined with each of the ten endosperm genes,
 

namely, amylose-extender, brittle-l, brittle-2, dull, soft-starch,
 

was observed
shrunken-l, shrunken-2, sugarv-1, sugary-2, and waxy it 


that the starches of these double mutants were digested by fungal gluco

amylase, pancreatin, and bacterial c-amylase to the extent very comparable
 

to their respective nonopaque single-mutant counterpart. Starch granules
 

of the amylose-extender mutant and its double combination with the
 

opaque-2 were much more resistant to the action of amylases than those
 

of normal maize. Starch granules of the sugary-2 mutant and its double
 

combination with opaque-2 were digested much faster than those of the
 

normal counterpart by amylases. These differences among the endosperm
 

mutants and their double-mutant combinations in susceptibility of starch
 

granules to the action of amylases disappeared following gelatinization
 

of starches with alkali.
 



SUSCKP!TICLITY OF UVQTq1S ARCH GIAMiLES TO AMTUBS 

AS =I-N BY SCAIPING ELECTRON MICROSCOPE 

H. Fuwa and D. V. Glover
 

ABSTRACT 

We confirmed that starch granules of tubers (potato, yamanoimo -


Dioscorea batatas DECNE; and sweet potato) are in decreasing order more
 

resistant to the attack of pancreatin, bacterial a-amylase, and fungal 

glucoamylase than those of cereals (maize and rice). Maize mutants 

with starch-modifying genes, namely, amylose extender (ae), brittle-1 

(btl), brittle-2 bt 2 ), dull (Lu), h, shrunken-1 (Lh 1 ), shrunken-2 (sh2), 

sugarv-i (Sul), sugary-2 (su), and waxy (_) were concerned with changes 

influencing gelatinization temperature, viscosity, gel stability of starch,
 

starch granule digestibility, and production of amylose, amylopectin,
 

water-soluble polysaccharides, and sugars. In studies of starch-modifying
 

genes of inbred maize 0h43 and their combination with opaque-2 gene (2 
) '
 

which produces the high lysine maize, the o2 gene does not change the
 

production of amylose, amylopectin, water-soluble polysaccharides, and
 

sugars, and susceptibility of starches to amylases. For example, starch
 

granules of the ae mutant and its combination with the o ae a2) are
 

very much resistant to the action of amylases than those of the isogenic
 

normal maize. Starch granules of the su2 and su2o 2 mutants are digested
 

very much faster than those of the normal by amylases. By the examination
 

with the scanning electron microscope, starch granules resistant to the
 

action of amylases (tuber starches and starches of the ae and j& g2
 

maize mutants) showed very similar intact shape and the surface layer 



to tI original starch granules during digestion vith either bacterial
 

m-anylaue or fungal glucoasylase. Starch granules susceptible to ay

lases showed pores on the surface layer and the pores penetrated into 

the inner layer of the granules during the attack of anylases. 



IMIACTION 	OF SIUDlKKN-2 WITH FIVE OIL CAUOKUUA!3 

GEMdS IN ZEA YAYS L. E. OSURM 

D. G. Holder, D. V. Glover cad J. C. Shannon
 

ABSTRACT 

gene with wax ,(
The interactions of the Phrunken-2 (sh) 

loFe-extender (ae, r-I (m. 1), dull (du) and suzarv-2 (jun) 

mys L.) endosperm were 
on the carbohydrate composition of maize ( ea 


The contents of fructose, glucose, sucrose, water-soluble
determined. 


polysaccharide .WSP), and starch of whole kernel samples 21 and 28 days
 

after pollina ion were determined. Percent starch and amylose of mature
 

kernels were determined.
 

The sh2 mutation reduced starch drastically 
concurrent with a large
 

In homozygous double
accumulation of sucrose as previously observed. 


and triple recessive genotypes sh2 was epistatic over all 
other genes
 

Genotype comfor the accumulation of sucrose and reduction of starch. 


most extreme reduction
binations containing both su1 and sh2 produced the 

inhibited the large WSP contentin starch content and in all cases sh2 


Starch from kernels homozygous for ae alone

normally caused by su1 . 


in the multiple recessive genotypes
had 607.amylose. Presence of s 


With few exceptions
inhibited the ae enhancement in percent auylose. 

those genotypes with wx produced no amylose; those which did 
were in 

combination with ae. Genotype combinations containing both M and J&2 

starch, although reduced in
had higher sucrose than normal and the 

quantity, was 100% maylopectin. 



IWMZACTION OF SHRImN-2 AM SUGAY-1 

IN DOSAGE SERIES IN Z MUS L. ENDoS6 

David G. Holder, D. V. Glover and J. C. Shannon
 

ABSTRACT
 

The interaction of gene dosage on Ze maya L. endosperm carbohy

drate composition was studied by quantifying carbohydrates from the 16
 

genotypes of 21 day old endosperm resulting from all possible sib

pollinations and reciprocal crosses between lines houozygous for Sl Sh 

(normal), s Sh2 (sugary-l), Su1 oh (Shrunken-2), and su1 sh (sugary-]I 

shrunken-2). No dosage effects were produced by either the allele
 

or the allele sh for fructose and glucose sugars and starch content of
 -12 

There was a dosage effect of sl on,sucrose content in
the endosperm. 

the homozygous recessive h2 genotypes. Two and three doses of s_. 

increase in sucrose content, reppectively,allele produced a 10 and 26 

over the zero or one dose level of suI. Two doses of su I produced a 

very slight increase in water-soluble polysaccharide (WSP) and three
 

. Two doses of sh
doses produced large amounts of WSP typical of ja1
 

reduced the WSP content of the homozygous recessive ggenotype.and
I 


the presence of three doses of sh2 
considerably decreased the amounts of
 

WSP accumulated at 21 days after pollination. The interaction effects
 

suggested that WSP accumulation in homozygous ulI may be affected by the 

dosage level of the jh2 mutant. Starch synthesis was markedly decreased 

suin homozygous recessive 1 hh and sh genotypes. 



WM5TI IWTMN AM 29" L* A GCVMM ONOM-6
 

AN MUWL ffKIDS IMCORY (&a AM L.)
 

D. Makonnen and L. F. Bauman 

Department of Agronomy, Purdue University, 
USA 

ABSTRACT
 

Six opaque-2 lines and their normal counterparts 
were crossed in
 

diallel cro'uses. The crosses were grown in 1970 in a split 
plot random-


Harvests were made at 7-day intervals
 ized complete block design. 


starting at 28 days after pollination and 
continuing through 63 days.
 

The average kernel weight of opaque-2 hybrids 
was inferior to that
 

of the normal. Nevertheless, the opaque-2 gene performed 
differently
 

the mutant had similar
In B14 x B37 single cross
in different hybrids. 


kernel weight as its normal counterpart in 
the first and second harvests.
 

found between the opaque-2 and the
 In contrast, a wide difference was 


normal, both at early and late stages of development 
in W64A x A545
 

background.
 

from 9.7 to 11.8%cob weight, rangingThe normal hybrids had greater 

in cob weight of the opaque-2 
more than the opaque-2. The difference 

constant over the different harvest dates.
 and the normal remained 

At physiological maturity, the opaque-2 hybrids 
averaged 3.5% 

thar, the normal. In general, a slower accumuhigher moisture content 

lation of dry matter In the kernels was accompanied 
by a retention of
 

more moisture.
 

for the normal hybrids. Black laor,
Shelling percentage was higher 

at abeut d % 
an indicator of physiological maturity, we formed 

in the opaque-2 and ormal. 



RUDI FOR IN VED NIURITIOIAL VALUE IN CEREL 

Edwin T. Mertz
 

ABSTRACT
 

Cereal proteins are inferior nutritionally to the proteins 
in
 

milk, meat, and eggs because of inadequate levels of 
the amino acid
 

(1964) that
 
lysine. With the discovery ten years ago by Mertz et al. 


the maize mutant opaque-2 had nearly twice as much lysine 
as ordinary
 

maize, scientists realized that cereal grain proteins could 
be improved
 

in quality by genetic manipulation. The recent discovery of high
 

lysine mutants of barley and sorghum raises the hope that 
all cereals
 

can be improved in protein quality. If we assume that the FAO (1973)
 

the ideal level of lysine for the infant,
pattern of 5.2% lysine is 


high lysine maize and barley approach or equal this ideal, 
oats has
 

approximately 73%, rice 7i%, high lysine sorghum 63%, 
normal maize,
 

barley, and wheat 50%, and normal sorghum and millet 35% 
of this level.
 

Triticale, an artificial genus synthesized by combining the 
genomes of
 

wheat and rye, has a substantially higher level of lysine 
per unit of
 

Other high lysine wide crosses between cereals
protein than wheat. 


As the plant breeder selects for better
 are possible in the future. 


cereal grains, it is necessary that the chemist carefully monitor the
 

seeds used in the breeding program to insure that the level and 
quality
 

of protein is maintained.
 



COLEC IVNDgZ or CREALS 

E. T. Mertz 

ABSTRACT
 

This is a review of the nutritional implications 
of the genetic
 

The amino acid pattern of
 improvement of protein quality in cereals. 


the economically important cereals is compared 
with that of the "ideal"
 

On this basis, the best of the
 pattern proposed by FAO for infants. 


cereal grains, oats, has about 73 percent of 
the ideal level, and the
 

poorest of the grains, sorghum and millet, 34 percent of the ideal
 

level. The opaque-2 gene in maize raises the lysine 
level from 52
 

percent of the ideal patterns to about 88 percent, 
the high lysine
 

gene in sorghum from 34 percent to 63 percent, and the high lysine
 

gene in barley from 63 percent to 100 percent. 
As the search for high
 

lysine mutants accelerates, it is hoped that eventually all cereal
 

species will carry more lysine, thus closing the 
quality gap which now
 

exists between cereal and animal proteins.
 



SDWLE CEIMCAL AND BIOWGICAL 14THODS
 

USED AT PURDUE UNIVERSITY TO EVALUATE
 

CEREALS FOR PROTEIN QUALITY - STATION BULLETIN NO. 70
 

E. T. Hertz, R. Jambunathan, P. S. Misra
 

ABSTRACT
 

The protein quality of a cereal grain can be determined only 
by
 

In this bulletin, the simple chemical
chemical or biological methods. 


and biological methods used at Purdue for determining protein 
quality
 

These methods are suitable for a
of cereals are outlined in detail. 


laboratory in the developing countries that is severely limited 
in
 

supplies, equipment and trained personnel. The bulletin also lists
 

the low cost equipment needed, and sources of supply.
 



TOTAL IM AMINO ACIDS IN SIXGLI AND DOIUIS 

ENDOSPERM MUTANTS OF NAIZ 

P. S. Misr&, E. T. Hertz and D. V. Glover 

ABSTRACT
 

A simple ninhydrin test for free amino acids was devised to
 

distinguish hard vitreous opaque-2 maize mutants from normal maize in
 

the field and in the market place (Hertz, E. T., Misra, P. S. and
 

We have now determined
Jambunathan, R., Cereal Chem. 51, 304-307 (1974). 


the level of free amino acids in 14 endosperm mutants and their double
 

mutant combinations with opaque-2 in the 0h43, W64A, C103 and B37
 

inbred lines, as well as certain hybrid combinations of these lines.
 

In all double mutant combinations studied the presence of the opaque-2
 

gene invariably raised the level of free amino acids (as measured with
 

ninhydrin) above that of the respective nonopaque counterpart. The
 

quantitative ninhydrin assay can therefore be used to detect the
 

presence of the opaque-2 gene in normal maize and in maize containing
 

other endosperm mutants.
 



STUDIES ON CODN 1METINS. VI. IUWOSMIK lOTIN CHUM 

IN SINGLE AND DOUBLE ENDOSPERM NTAMrS OF MAIZE 

P. S. Misra, E. T. Mertz, and D. V. Glover
 

ABSTRACT 

the maize mutants, floury-2, opaue-2,The endosperm proteins of 

opague-7, sugary-1, shrunken-I, shrunken-2, shrunken-4 and brittle-1, 

and double mutant combinations of these with opaue-2, were 
separated
 

into five soluble fractions by the Landry-Moureaux method. 
As compared
 

to their isogenic normal counterparts, all single mutants 
had higher
 

concentrations of albumin, globulin, and glutelin, and lower 
concen

trations of prolamine. The combination of opaue-2 with floUEv-2 or
 

opaue-7 did not increase lysine above that in the single mutants.
 

The combination of opaque-2 with any of the other five mutants 
increased
 

found in the single
levels of albumin, globulin and glutelin above t!.ose 


showed an almost complete suppression of
The double mutants 


prolamine synthesis and the lysine levels were higher than in the 
single
 

mutants. 


mutants. 



STUDIKS OF CORN FIOTEINS VII. 1 0NDPUX MTIIN SYIWIS IN
 

DgVKlOPING MIZE MUTANMS WITH INCREASED LYSINK CONTMT 

P. S. Misra, E. T. Mertz and D. V. Glover
 

ABSTRACT
 

The endosperm protein of the near isogenic maize mutants, opaque-2,
 

brittle-2, the double mutant of opaque-2 and brittle-2, and the normal
 

counterpart were separated into five soluole fractions by the Landry-


Moureaux method. As compared to the normal counterpart, all three
 

mutants had higher concentrations of albumins and globulins during seed
 

development. In all cases the highest concentrations were observed 14
 

days post-pollination, with a steady decrease 21, 28, 35, 42, and 49
 

days post-pollination. In the normal counterpart, zein production was
 

evident 14 days post-pollination and reached a peak 42 days post

pollination. The zein level attained in the normal endosperm in 14 days
 

was not reached until the 18th and 21st day, respectively, in brittle-2
 

and opaque-2. This delay in onset of zein synthesis, along with slower
 

rates of synthesis, reduced total production of zein to less than 50%
 

of the normal counterpart. In the double mutant of opaque-2 and
 

brittle-2, zein formation was not apparent at any time during development.
 



ST3IRIS ON CORN 1ROTEINS VIII. TOTAL FREE AMINO M1D6
 

IN SINGLE AND DOUBLE ENDOSPERM MIUTAKrS
 

P. S. Misra, Edwin T. Mertz and D. V. Clover 

ABSTRACT
 

With the development of a vitreous opaque-2, the usual methods
 

of classification and identification could no longer be used very
 

successfully. The simple ninhydrin method developed recently by Mertz,
 

et. al. (1)was used to determine the level of free amino acids in 14
 

endosperm mutant and their double-mutant combinations with opaque-2 in
 

the Oh43, W64A, C103 and B37 inbred lines, as wcll as certain hybrid
 

combinations of these lines developed by Glover et. al. (2). In all
 

combinations studied, the presence of the opaque-2 gene invariably
 

raised the level of free amino acids above that of the counterpart
 

lacking this gene.
 



STUDIES ON COIN PROTEINS 	 IX. THE SIMILAR AMINO ACID COCPNBITION OF
 

AND HIGH LYSINE MUTANT ENDOSPEBM PROTEIN
LANDRY-NDUREAUX NORMAL 


FRACTIONS AND PAULIS-*ALL NORMAL ENDOSPERM PROTEIN FRACTIONS
 

P. S. Misra, E. T. Mertz, and D. V. Glover 

ABSTRACT
 

Comparison of the iverage amino acid composition of the Landry-


Moureaux (LM) endosperm fractions of two normal corn inbreds and five
 

high lysine mutants with the amino acid composition of the Paulis-Wall
 

(PW) endosperm fractions of a normal corn hybrid show marked similarity
 

between LM Fraction II and PW alkylated-reduced zein, LM Fraction III
 

and PW guanidine and 70% ethanolsoluble alkylated-reduced glutelin,
 

LM Fraction IV and PW guanidine-insoluble alkylated-reduced glutelin,
 

and LM Fraction V and PW guanidine-soluble 70% ethanol-insoluble alky

lated reduced glutelin. Both the normal and mutant LM Fractions I and
 

V contain high levels of lysine, LM Fractions II and III low levels of
 

lysine, LM Fraction III high levels of methionine, and LM Fraction IV
 

high levels of histidine. The corresponding PW fractions show these
 

same differences even though the glucziins are separated in a different
 

Since the mutant fractions resemble the normal fractions, this
wanner. 


is further evidence that 	the high lysine levels in the five mutants is
 

due to the previously reported increase in UI Fractions I and V, not 

to new proteins high in 	lysine.
 



STUDIES ON CORM P)TIINS X. POLYMPTPIDK WICULi WIGff DISTRIIUTION 

IN LAN¥DY-M)URIAUX FRACTIONS OF NORMAL AN WTANT KNDOI 

P. S. Misr&, E. T. Mertz, and D. V. Glover
 

ABSTRACT
 

The endosperm proteins of normal corn inbred Oh 43 and mutants 22
 

, fL2 22, bt2 and bt2o2, as well as normal corn inbred W22 and its
 

mutant o7T were separated into fractions by the Landry-Moureaux method.
 

Based on molecular weights determined by sodium dodecylsulfate-poly

acrylamide gel electrophoresis, Fraction I (saline-soluble) had major
 

polypeptides with average molecular weights of 58,000; 24,500; 22,000;
 

and 13,400 daltons. Fraction II (zein), with the exception of bt2o
 

contained major polypeptides with average molecular weights of 25,000
 

and 21,800 daltons. Fraction III (zein-like) had major polypeptides
 

with average molecular weights of 26,000; 23,000 and 18,000 daltons,
 

and Fraction IV (glutelin-like) had major polypeptides with average
 

Fraction
molecular weights of 61,000; 58,000; 25,700 and 19,000 daltons. 


V (true glutelin) polypeptides, did not separate clearly on the gel.
 

The 25,000 dalton component of Fraction II in 2 and fl 2 is reduced
 

below that in normal, fl2 and o7. The 44,OO dalton component of
 

Fraction II is a unique component of f1 and fl o , as in the 14,000
 

dalton component of Fraction III in 92 and27.
 



U1M&CT OF ENDOSPUM A14D IEMIu TYM 

OF CORN ON PERFORMANCE OF RATS 

J. G. Rose, D. M. Forsyth, D. V. Glover and T. R. Cline
 

ABSTRACT
 

Two growth trials were conducted with 230 rats to study the
 

(n),(2) opaque-2
nutritional quality of three way hybrid (1) normal 


(3) waxy (Mo, (4) waxy opaque-2 (_ o2), (5) sugary-2 (mu2) and 

(6) sugary-2 opaque-2 (su 2 o22 ) corns derived from near isogenic conver

sions of the same hybrid. In trial 1 diets were formulated with the 

corns, soybean meal and glucose to make isoniirogenous diets within 8,
 

11 and 14% protein levels (3 x 2 x 3 factorial arrangement of treatments).
 

showed improved average daily
Rats fed diets containing 22 (diets 2,4,6), 


gain (ADG) and feed efficienc: (F/G) over those fed non-2 2 (diets 1,3,5)
 

1.45, 7.29 g) and 117. protein (6.27, 2.96
at 87 protein (3.43, 4.34, vs 


vs 5.14, 3.26 g) (P <.01), but no significant differences were observed 

at 14/o protein. In terms of endosperm type, at 87. protein rats fed s 2 

(diets 3,4) and n (diets 1,2)(diets 5,6) had better ADG and F/G than wx 


with 2.84, 2.27 and 2.21 g for ADG and 5.00, 6.35 and 6.09 for F/G
 

At 11 and 14% protein there was no effect of endosperm
respectively. 


type. An interaction (P < .05) was found between the n, !M and su2 endo

sperm types and those containing 22. Rats fed the su2 endosperm out

performed those fed wx and n in the absence of j2, but there were no
 

In trial 2 the corns were compared
differences in the presence of 2. 


There were on an equalweight basis in protein adequate (15-16.) diets. 


These results indicate that endosperi
no differences in ADG or F/G. 


type (n, wx or sup has little effect on carbohydrate availaility, bot
 

does have an effect on protein q"Ilty of. e3.
 



TIS NWRITIONAL VALUE OF MWUANT GEE COmES
 

FOR FINISHING BEEF CATTLE
 

Verl Melvin Thomas
 

ABSTRACT
 

Four metabolism studies and one feedlot trial were conducted in
 

an effort to study the effects of several mutant corns, one mutant corn
 

silage and one processed corn in the rations of beef steers.
 

In metabolism study I, four 274-kg. Hereford steers were fed either
 

normal or opaque-2 corn on an isonitrogenous basis (11% crude protein).
 

Steers fed opaque-2 corn had non-significantly higher digestible energy
 

value than did those steers fed normal corn. All other parameters were
 

unchanged.
 

In metabolism study II, four 354-kg. Hereford steers were fed
 

either 13.64 kg. of regular corn silage or opaque-2 corn silage plus
 

0.909 kg. of a 32% protein supplement per head daily. The digestible
 

energyof regular corn silage (70.15) was significantly higher (P <.05)
 

than opaque-2 corn silage (68.41) while there were no significant
 

differences in the other parameters studied.
 

In the feedlot trial, twelve lots of six Hereford steers were fed
 

a ration of 8.13 kg. of either opaque-2 or regular corn silage, 0.454 kg.
 

of a 64% protein supplement per head daily and a full-feed of either
 

regular, opaque-2 or roasted corn to appetite. Average initial and
 

final weights were 307 kg. and 534 kg., respectively. Steers fed the
 

regular corn silage gained significantly faster (P <.05) and were more 

efficient (1.11 kg./day, 6.72 kg. dry feed/kS. gain, respectively) then 



were those steers fed the opaque-2 corn silage (1.06 kg./day, 6.3 kg. 

more
dry feed/kg. gain, respectively). Steers fed regular corn gained 

rapidly (P <.05) thn the steers fed the opaque-2 (1.10 kg. vs. 1.03 

kg./day). Steers fed regular corn silage had significantly higher grades 

(P <.05) than steers fed opaque-2 corn silage. Roasted and regular corn
 

produced significantly larger (P <.01) loin-eye areas than steers fed
 

opaque-2 corn.
 

In metabolism study 3, four 205-kg. Hereford steers were fed either
 

regular, opaque-2, waxy or waxy-opaque-2 corn on an isonitrogenous basis
 

(11% crude protein), at 2.0 to 2.5% of their body weight per head per
 

day. Steers fed the waxy corn diet tended to have improved nitrogen
 

the other diets, although these improvements
retentions when compared to 

were u t s ,nificantly different (P <.05). Waxy corn was significantly 

lower (P :.05) in digestible and metabolizable energy than regular,
 

opaque-2 and waxy-opaque-2 corns. There were no statistically significant
 

differences in rumen ammGnia and rumen volatile fatty acids.
 

The final metabolism study was conducted to compare the nutritional
 

value of regular, sugary-2, sugary-2-opaque-2 and waxy corn in a high

fed on an isonitrogenous
concentrate di~t for beef steers. Diets were 


basis (11. crude protein) at 2.0 to 2.5 of their body weight per head
 

per day. Steers fed the sugary-2-opaque-2 diet retained a sign. icantly
 

(P <.05) higher percent absorbed nitrogen (64.77) than did those stcars 

fed the normal (47.20) or sugary-2 (49.82) diets. The supary-2-opaque-2 

diet improved the levels of rumen ammonia, digestible and metabolizable 

energy when compared to the other corn diets, but these increases were 

not significant at the P <.05 level.
 



- ITII(NAL VALIE OF W EZT0 TIS19 Ofr cM 

FOR GICI -FINISHGIN MF CATTIT 

V. M. Thomas, D. V. Clover and W. M. leason 

Two metabolism studies were conducted to evaluate the nutritional
 

value of a n-mber of different corn varieties for growing-finishing beef
 

cattle. The first experiment was conducted with normal, opaqu-2, 

waxy and vaxy opaque-2 corn; and the second experiment was conducted 

with isogenic backgrounds of normal, sugary-2, sulary-2 opaque-2 and
 

waxy corn. Results from experiment t indicate that waxy corn was lower
 

corn.
(P <.05) in digestible energy than normal, oaaue-2 or waxy £pBu-
2 

steers fed the sutary-2 opague-2 diet had higher (P < .05)It explriment 2, 

and sulLary-2 corn
absorbed nitrogen retained than steers fed norm.a. 

diets, but aietary nltrogen retained was not diffvrent (P <.05) among 

The sugary-2 opaque-2 diet produced 2% higher digestible energydiets. 


than the normal corn diet but it was not significant (P <.05). All
 

other parameters studied indicated no significant differences between
 

corns.
 



wlITIO L VAU.E OF0 ON m 

TYES OF COU FOR STlES 

Besson

V. W. Thomas, D. V. Glover and W. M. 

ABSTRACT 

Two metabolism studies were conducted 
to evaluate the nutritive
 

value of a number of different corn 
endosperm types for beef cattle.
 

The experimental design in both 
studies was a 4 x 4 latin square.
 

In experiment 1, four 205-ka Hereford 
steers were fed either normal,
 

opaque-2, waxy, or waxy opaque-2 
corn on an isonitrogenous basis (11
 

Results of experiment I indicate 
that waxy corn
 

crude protein). 


(P <.05) in digestible energy than 
normal (78.217.),
 

(74.67.) was lower 


(78.20%). In experiment 2,
 
opaque-2 (77.90%) or waxy opaque-2 

corn 


2 , and
fed sugary-
2 , sugary-

2 opaque
four 271-kg Hereford steers were 


isogenic backgrounds and the normal 
counterpart on
 

waxy corns in near 


Steers fed the sugary-2
 
an isonitrogenous basis (117. crude protein). 


< .05) absorbed nitrogen retained (64.77)
2 diet had higher (P
opaque

2 
(49.82%) corn diets, but
 
than steers fed normal (47.20%) or 

sugary

dietary nitrogen retained was not 
sJgnificantly different among diets.
 

The sugary-2 opaque-2 diet produced 
a nonsignificant higher (77.91)
 

All other para
digestible energy than the normal 

corn diet (75.91). 


meters studied indicated no significant 
differences between corns.
 



I AMRVAIUIZAOI OF MXrMIN AM CA HOKATNqPUAL COMM 

IN ULSCTID UDosPM M JAUrs AND THEI DOUKA-TA 

CoNII.TIOUS WITH OPAQUE-2 AT TifW)DUATUE UTADB 0r 

DEVELOPMENT IN ZIA PAYS L. 

Geraldo Antonio Tosello
 

ABSTRACT
 

Four near isogenic parental inbreds (Oh43, W64A, B37, C103) each 

with the following eight single endosperm mutants -- am, Au, !rx, 1u2 9 

and their double-mutant combinations with 22 were
sLuul,f1 and o2 --


crossed in a diallel series. The four parental inbred and six single

cross hybrid endosperm mutant genotypes and their normal counterparts
 

were grown in 1971 and 1972. Ear harvests were made at 21 and 42 days
 

after pollination (DAP). Kernel characteristics, endosperm protein and
 

carbohydrate quantity and quality were determine
4 to evaluate the differ

ences among the several genotypes and their potential for nutritional
 

improvement in vegetable corn types and specialty corns for new and novel
 

food products.
 

The endosperm mutants and their double-mutant combinations with 22 

were not too different in 30-kernel, 30-kernel endosperm and 30-kernel 

germ weight, and germ and moisture percent at 21 DAP. As the kernels
 

developed in maturity (42 DAP) the o2 and double mutants with g2 gained 

weight, increased in germ weight and percentage and wererelatively less 

higher in moisture than their respective nonopaque single sitants. 

Protein content among the genotypes at 21 MIP se ecellat oad 

showed very few differences. Opaque-2 decreased protela pateab 10 



protein per ndospersm compared to normal and J2 in double -tets 

reduced protein levels compared to the respective nonopaqi single 

mutants at both stages of maturity. Shrunkan-2 ard mawans were 

among the greatest in percent protein at both 21 and 42 IMP, but on a
 

protein per endosperm basis were among the lowest at 42 DAP.
 

Protein yield and quality, expressed as lysine as a percent of
 

protein, in the l2 and sh double mutants at 21 and 42 DAP were
 

superior to their respective nonopaque single mutants as well as o2"
 

In the hybrid backgrounds du o2, fl , ae 2, sh 02' sU 0
 
-2' ;--2 ; 2 22' -1 2 

lu2 02 and wxo 2 were greater in lysine per 
endosperm than 22 (.34 mg) 

and all had higher lysine yields than their respective nonopaque single
 

_-2' 


mutant counterparts at 21 DAP. At 42 DAP o2 was 21% greater than normal
 

(.57 mg) in mg lysine per endosperm; and aeo2 and su2 o2 were 23 and
 

17% respectively greater than 02 (.69 mg). Floury-2, wx 2, ul .22
 

sh2 o2 and du o2 were greater, though not significantly so, in lysine
 

yield than o2 at 42 DAP.
 

Among hybrids protein per endosperm was positively correlated with
 

endosperm weight, and lysine per endosperm, and negatively correlated
 

with lysine as a percent of protein; while protein percent was negatively
 

correlated with endosperm weight. Lysine as a percent of protein was
 

negatively correlated with endosperm weight and positively correlated
 

with lysine per endosperm.
 

Reducing-sugar levels of o2 were lower than normal. Opaque-2 showed
 

an epistatic interaction to decrease reducing-sugars in double-mutant
 

combinations. At 21 MhP, sh2, sh2 2 and a. were 47, 21 and 23% resp 

tively greater than normal. Sugary-l and Mg2 were 2.5 and 2 tia. 



greater than normal in reducing-sugars and J& and &22 are 14 aud 

1.38 times greater than normal at 42 DAP.
 

Sucrose contents of sh 2 and sh2 02 were increased three to four

fold over the normal hybrids at 21 DAP and were increased nearly two

fold at 42 DAP. Sucrose contents in AU, 22, Ae and as 22 hybrids at 

21 DAP were increased 34, 31 arnd 35% respectively over normal, and at 

42 DAP Ml and su1 02 were 47 and 40% greater than normal. 

The WSP contents of suI and su1 02 were increased 41 and 37-fold
 

respectively at 21 DAP and 63 and 56-fold respectively over normal at
 

42 DAP. No differences existed among the other mutant genotypes and
 

normal.
 

Starch contents at 21 DAP of s u , su o sh and sh o were 
1l 1 -2 -2 -z2 -2 

reduced 60-80r. and ae was reduced 30%; whereas there were no significant 

At 42 DAP, -sul
differences among the other genotypes and from normal. ,
 

su 02' h21, and sh 2o were extremely reduced in starch content and fl2 

2, a. , w du and du2 were reduced 18 to 19.57. below the normal 

hybrids, Other mutants were not significantly different from normal. 

Starch content was positively correlated with protein per endosperm. 

Sugary-I opaque-2 would offer a superior high-lysine high WSP corn 

conferring the desired textural properties for fresh eating or canned 

corn use. Shrunken-2 opaque-2 would offer a superior high-lysine high

sugar corn with potential for extending the harvest and storage quality
 

of supersweet corns and may be a desirable snack food as raisin corn or
 

used in dry cereal products. The ae o2 double mutant offers a high
 

quality protein high sucrose corn and possibilities for use in vegetable
 

corn improvement. Waxy opaque my offer a superior hish-lysiem glutinsW 



ased is othercorn for fresk corn-sati people and possibly my be 

are desirable.food preparations vhere glutinous starch properties 



TIfl Tl airCll-1Tf rNU-

AM IMO - IVIST QALITY OF SWT CON 

C. Y. Tsai and D. V. Glover
 

ABSTRACT
 

Whole kernels of the double utant combination of brittle-1
 

sugary-1 of maize (Zea mays L.) contain about 40% and 200 of the
 

water-soluble polysaccharides and sucrose, respectively, of the
 

sugary-I mutant alone. More important, the double mutant preserves
 

907 of the sucrose even up to 4 days post-harvest at room temperature.
 

These features of the double mutant may offer a desirable new high
 

quality sweet corn with the added potential for improving post-harvest
 

quality.
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Protein Key in Fight Against Hunger
 

trlotios for the presit 
word populalion ad the 
m ormthan six billion peole 
who are riclad to inhabK 
the earth iinthe year 2000. 

A survey of i 
1aults to dirle has revealed a 

kile rana e. of premising 
1111 thatthirols,"'aro11WCt -5inmoligosprrl.- -
bOW ready for applicatioNe
th,r1. d.. o,.a.. Pat.l 

ilser do vte.jpine oft as,' - .onyp 
*hat will rreiuire yrrime,[ 
esarth. 


Mto breech,,. y 'e hy m-

crrniOn irtmIurtivily of cropt

have thus fdr kept the world 

from mass tlirvatirfn. are 

new rrengr-ring s.,me of 

the mot Itnl;m,etr,ul char-

a:ter:stis of plan'.. t,,im-

prove their pr-item yield and 

quality. rBre'ding for bettor 

protei is one of the key ef-

forts in the current protein

thrut and one that is most 

likely to pay off in the near 

future, 


Plant Irrelint, is the pains, 
laking. prolonghed and some-

what unpre:dictalle task of 

attelnpthisi to clanre the 

genes of oisle ind of plant 

by ir, ,iijl:
a with close reli. 

th.t 1,,liiin Iti' 

geclic It11,,:terllics. 


Perh.aps tlh' Iw,,thnown 

socrd t~dpi,|t treciinig 

tiv't; desired 

h01d oh,,q: the world's 
proleiii %opiitv the dr-vslop.i.. 
taint of 1i11:.i-cll'd miracle 
seed of Ite Green Itevolution. 

These were semidwarf var-

eties of wheat (an achieve-

ment for which Dr. Norman 

Borlaug received the Nobel 

Peace Prize in 1970) and rice 

that, when properly culti-

vated with adequate fertilizer 

and water, con double the 

yield of grain per acre. 

But the grain o dthe Green 

Revolution is still deficient 
In certain essential amino 
acids an 'the emphasis of 
most of the current breedingwork is on improving the 

amino acid balance of cereal 

crops, 

Studied Protein In Com 

Twenty-eight years ago,


when American grain eleva-
tors wee bursting at the 
beams with excess grain, Dr. 
Edwin T. Mertz of Purdue 
University received a state 
grant "to figure out 
way to use up all this .vr-


le, food in a nonfeod m•-
w." riteeDr.1 was a 
proeinw Pmit ha bellis byr 

p..otin in "r 

at the Univerily of Witon-
that certain varieties of 

corn contained twice as much
nsof). 


of the amino acids lysine and 
tryptophan as are found in 
ordinary corn varieties. 

Since these are the two 
deficient, or limiting, amino

the discovry 
held the prospect of greatly 
acids in corn. ooe 

improving the nutritive value 
of this gram, the principal
staple in many countries o 
Latin America andrBlackI.reals. 
rica. Inderd. when young rats 
were raised on high-lysine corn,
they grew nearly a, well as 
rats raised on milk protein. 

Py 
grew three #not a hilt times 
faster than pigrlts led nrdi-
nary corn. In fat., in 'ohim. 
hia a high-lysinr corn diet 
was ahle to cure thildren of the 
estaln 

severe protein deficiency ills-
ease. kwashiorkor, which they 
had developed from living on a 

[din of ordinary corn. 
But the discovery of hi:h.ly-

Isine corn was only the begin,
ning. An incredible amout of 
work lay ahead to breed the 
Ihigh-lysine gene into otherwise 
siiccessfful native " varieties 
willhou adversely affecting the 
desirable characteristics of 
Ih.ose varieies. 

The high-lysine gene cliatiped
the corn kernel from hail to 
soft, which affected milling
characteristics. In additioi. ex-
plained Dr. Loyal (Pete) Bau-
man, who heads the breeding
work at Purdue, the softer ker-
nels were more susceptible to. 
ear-rot and, because the kernels,
weighed less, the yield per acrei 
was lower. 

Yields Almost Normal 

Ten years of "backcrossg"
have virtually solved the car-i 
rot problem and yields are nowl 
tipto 90 per ctint or normal Dr.
Bauman said. In backcrossing.the original high-lysine corn 
was i:Uossed with standard 
high-quality varieties. The re-
suiting new high-lysine hybrid 
was then repeatedly crossed 
with the original standiard va-
riety to breed out unwanted Ce-
netIc characteristics while pre-
serving the high level of lysine, 

In each area where ccr is 
grw the breeding work mustown 
be repeated wth Iocal varieties 
In sojr to preisee the disease 
resistance and foter mm.c 

'ha"at in 7 in 
then* ritios, a=-h 

iSIbl hg I* moi 

IPiulrue %ientlq hay'* ui,,. 
listed thai b eating eiOw Rik
lysine cot, plua itamin
mineral suppslement. as adult 
could eatdaa dequately I. 
cents a day. 

r.o h till i e di"u 
%overyof high-lysine rorn.et the apple cartof plant genet.which had previm"Isly 41-, 

aured that plant "Pmein could 
not be changed by breeding.,
This In..', ed a search for bet
te 'frotein In other ce-,tar quilt 

Thus far. she search has paid
nff for harley. ii'.ed mainly ase
animal feed In this country hut$ 
an Important limiain for 
about 200 million of the woirld'%' 
dsadvantaged people inEast-, 
ern and Northern Europe, the 
Mediterranean and Near East, 
Milils
and the Andean countries 
or Snuth America. A liib. 
protein. high - lyIne harhev 

frnm Illinpla wa- fnund 
in screrning 1.000 varietIes in 
the World Barley Collection in 
Beltsville. Md. 

Similar succeqs nas hren 
achieved for sorghum, th,. 
world's fourth most imni,rtai.
gsain (after wheat. rice and 
corn), on which sonie .100 mil
lion of the very poorest people 
in the developing countries of 
Africa, East Asia and India de
pend. 

lliih-LyslIneSrghum

Sorghum grows in lowerinr 

st.nds, with heavy heads of 
edible seeds-produced atop
tall. thick stalks. 

High-lysine sorghisi was dis
covered last year at Purdue by
Drs, John D. Axtell. Dallas L. 
Oswalt and Rameshwar Sirvh. 
in six years of analvzinp the 
protein of some 10.000 varieties 
oof sorghum from all over the 
world under a grant from the. 
Agency for International Deve
lopment, the Purdue scientists 
found two varieties from Ethio-i 
pta that contain nearly a thirdS 
more protein and twice aslmuch lysine as other sorghumstrains. 

Tenant farmers of Ethiopial
like to roast the nutty-flavored 
seds of these two strains and 
eat them Ilke nuts. Dr. Axteill 
aiscovered on a recent visit 
there. But only small amunts1
of these strains aM gew be-i 
cumlandicids.wo petahum
of wiat the fimer ot Ibet 
ewhlet he e"tdaae 
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to notice them, Dr. Axtell said. 
Dr. Axtrl, n enthusiastic ut 
Drenlitlic scientist, estimates 
lthia decade of work lies 

ahead to breed the high protein
qi'hality into native sorghums, 
Work is already under way t
Ward this end In India, Lebanon 
and Mexico. 

Once the scientists have com. 
Pleed their work, the task re-
mainsto convince a,riners to 
grow the new varieties. "it's 
extremely difficult to get far. 
mrrs to grow something you 

ftell them is nutritionally super. 
ior when they've neer even 

1heard nf nutrition," Dr. Axtell 
nored, "in Brazil, with high.k, 
sne y're telling 

lmersln to feerd it to their hogs. 
Once the farmers see how well 
the hogS thrive, it's easy tocon

them thatine thecorn .igood for their children, too" 
rod Ir chiatseided 

Proteinin Oa sStudied 
A push isalo on now to in 

oras wile protein ecteptio, 
aols. whi have an exception
ally good balance of mino 
Acids and already contain more 
proteinon most cereals said 

who ernon un, chemistwartm the Agr'eulture De. 
partment's National Oat Quail.
lY Laboratory at the University

ofWisconsin. Last year, hfis lab-oratory Analyzed the protein 
in 21.000 oat samples sent In by 
breeders throughout the coun-
iffy. n igher In total protein contentUntil now, oat breeding er than the cereal prains ani ad,."d Alle. 

"Itstrh now, ev.n thno'h oats are .sl.h0 gldins .atofiid, nily 
l per vent of the'I1.S. prohic. 
lIrn pie%into hinlin foiloi." Dr. 
Younros remarked. "We'd like 
to change this. We're feeding 
nur animals better then our 

ipenple." .mates 
Anolier rcrenl rrnin thit has 

nltrocis'th mu'h re''rir ri inter-. 
est Is triticne (firoinnuniril tit 1liknley), a man.male hyberid of,
!wheat and rye that surpasses
wheal-the world's main cereal 
.- in hoth total protein and ly-
jineInm. content. Its main ,!raw-
hack is that its hybrid gcnes are 
;nmewhat unstable, making it 
an unreliable producer of ltiali-
ty sped, according to Dr. 4en-
neth Lebsock, an Agriculture 

Department scientist who Is 
overseeing Governmunt - 'pon. 
sored work on triticale in ,idia.

Wheat Itself appears to be re-
sitant to much change in its 
protein quantity or qlality, 
Thus far, 15,000 lines in the 
World Wheat Collection, also 
housed in Beltsville, have been 
analyzed but nothing yet has 
come near the improvement in 
high-lysine corn. 

However, steady progre!,s has 
been made In rlevloping hybrid
wheat, which holds the promise
of considerable increases in 
yield per acre. Scientists at 
Cargill Wheat Research Farms 
in Fort Collins, Colo.. have just 
harvested their first crop of by-, 
brid wheat, the seeds of which 
derived from two 
inbred lines. " 

Ilyhrld Vigor Concept j 
Theoretically, according to 

the concept of hybrid vigor, the
hybrid seed should produce a crop better than either of Its 
parents. The achievement de-
pends on the development of 
one line In which the :iale part
of the plant Is sterile, prevent-
ing self-poliination, and a sec-

eond line containing fertility-
restoring genes so that fertile 
seeds will result from a cross 
with the m-Ic-sterile plant

Beans, which Americans look 
-upon as a source of carbohy-drate bit which much of the 

r ilwic uho hworld usxs for protein, have 
also l-an to attract the inter-
est of plant breeders. Althoglh 

Phailted larger kernels-whlh quately endowed with lysine',ludCsra A atwIivCe1
farmers biger yeld--
 most beans are defi.-nt in eitt,ut larger kernels m eMita low. er essential amino aid mainterlpercentage of etI aDr. methlonlne and cyste'ine. 

Pounessea. At the University of Ife ,As a result of the new eea- Nigeria. Dr. Frederick ale .s. a 
pIUs. on peolin two am et Univerity of Wiscomsin pant
varieties ContaiImng htn beeder, edldevelop a high 

"M "em hkae lfriv protein (3 pa' cent) cowpea
retlseld. Thi ifitltsa (als ha- s Hackhey" or 

aUtaeo t* h i a ~ll.. Clb r On#I omm 

Irynito Imprev. the arsel, I.. 
ityof tho Afre. an pa.. is s.4t 
.by changing it from a vinv,
plant that groiw5 aesag th,,
ground inan oprmvht fine 

Dr. M. Wayne Adams at
Michigan State tniversity ei 

that by changing the ar. 
Ichitecture of the field bP,n 
from a shnrt bushy plant with 

tflots of hranche', to a tallr. 
'nnnhranching type that can 
Iproluce the same number rf 
;p ds in less space, the protein
yield per acre could he in
cre cdby - third 

This season, Dr. Adams. wre, 
works under a grant from the
Rockefeller Foundation, witltexamine "one by one" some22,000 plants-the re%ults gto 

crosses he made last year-to
select for those that grow tall 
and narrow.

Cross-pollinating han plants
is in itself an arduous, hark. 
breaking task that requires the 
dissection and emasculation of 
flower buds one-sixteenth of an 
inch wide. Theodore Hymowitr. 
a plant geneticist at t:e Univer
sity of Illinois, has enlisted bees 
to do the pollination for him A 
table of soybean plants in a 
greenhouse is covered with a 
screened cage that is home for 
a hive of bee(, whose diet tof 
nectar and pollen from soyhean
flowers is supplemented with 
synthetic pollen. The result is 
thousands of hybrid %eeds all 
year round, Dr. Iymowetz said 

.Soybein Se-d From Cihin 
He Is seeking, among oth,. 

things, to breed out ime of it
plant sugars that hum.ans ha," 
'difficulty digesting, resulting i'm 
the classic "gassiness" of 
beans. In the search for better
soybeans. Dr. Hymowitz had 
been disturbed that no breeding 
material was available from the 
Chinese mainland, where the 
soybean ori'jinated. Last week. 
however, American scientist, 
returned from China with man% 
native soybean seeds. including 
some wild soybeans, to test in 
American breeding programs.

Soybeans, with an average of-I0 per cent protein (neatih
tamimeta mstet) rot'ndtwice that of mest meats). non
;than any other edible plant. Bit 
ike all brans, Its vields ate lew 
l e t cra dr sw 
compared to cereal ces corn end wheat. 0 factp thakthat 

telONIs wykw to iaS*O,. *eh U W t'buti by 
ikwee .u~em p[t'u. 



Aq 1W explated It. when a lo' 
d fertllipir 1I 1.0sIo j..IeP.I 

iheyield ofrdlnary Nyltan'. 
thy rpet ki tan that th6ey Lall 

"hl-r1."c lwjife1 diamon.." aver. or l. e "ill. hIlqhrs viel, 

proarh that produw ed the rrrat-',
ly increased y Ild of miracle 
rice and wheat. Mr. Cooper has: 
bred a 22-inch plant that pro-, 
dures as many beans per acre 
as the 44-inch plant. This yearo 
he has planled the short vael vI 
clo.er together to see If yields. 
will increase. 

Other scientists at the Re- I 
glonal Soybean Laboratthry are 
itrying to create soybeans that l 

will bloom regardless of how; 
long the dry or ni'!ht is.a ch-ir-I 
eclerislic tht wnuld Pilow thel 
soybean to spread into the; 
food-short tropics. One suchIJ 
"day-neutral" variety is now 
being tested in Puerto Rin. 

Rather than wait for desired, 
genetic variants to occur natur-I 
ally and. following their dis-1 
covery, breed them into nativel 
*crops, some scientists are at
tempting to induce genetic 
change in existing crops withi 
radiation or chemicals. This ap
proach, which has already suc. 
ceeded in producing a high-ly
sine barley and a high-vieldinR 
semidwarf rice, can potentially 
save the plant breeder much 
time WN efot. 


