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REPORT SUMMARY

1. Project Title and Contract Number: Inheritance and Improvement
of Protein Quality and Content in Maize; Contract Number AID/csd-~

2809

2. Principal Investigator, Contractor and Mailing Address:
Dr. L. F. Bauman
Purdue Unilversity
Department of Agronomy
West Lafayette, Indiana 47906

3. Contract Period (as amended): from July 1, 1970 to June 30, 1975

2

4, Period covered by Report: from July 1, 1972 to June 30, 1973

5. Total A.I.D. funding of contract to date: $809,812 (through 3/31/74)

6. Total expenditures and obligations through previous contract year:
$543,328.06 (through 3/31/73)

7. Total expenditures and obligations for current year: $39,520.69
(4/1/73 through 6/30/73 only)

8. Estimated expenditures for next contract year: $250,000

Narrative Summary of Accomplishments and Utili.zation

An "International Symposium on Protein Quality in Maize" was co-
gponsored with CIMMYT in Mexico City in December, 1972, with 150
sclentists participating.

Normal, opaque-2 and floury-2 maize, sorghum, wheat, and triticales
were compared with reference casein in the rat, mouse, vole, and chick
in a cooperative study involving five laboratories. The male weanling
rat gave the best differentiation among the cereals tested.

Amino acid patterns of the Landry-Moureax fractions of normal
and mutant endosperms revealed that the albumin-globulin fraction and
the true glutetin fraction have high levels of lysine and tryptophan.
Fractionation of protein from modified opaque-2 revealed an increase
in zein and grain yield was not improved by selection of modified types.

The double mutant sugary-2/opaque-2 shows excellent promise for
increasing the acceptance and utilization of high lysine maize because
of its improved kernel density, vitreousness, enhanced caloric and
nutritive value, improved digestibility and biological value.

Opaque-2, sugary-2/opaque-2 and waxy/opaque-2 versions of two
temperate zone synthetics have been developed. A modified opaque~2
synthetic has been released to interested breeders. Three sugary-2
(0h43, B37 and C103) and two waxy (Oh43 and Cl03) inbreds were released
because of interest in their utilization to improve nutritional

characteristics.
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Some 50 percent of human protein needs are supplied currently by
cereal grains. Maize supplies an important portion of the total but is
deficient in lysine and tryptophan. Continuation of adequate, systematic,
and cooperative research, in maize protein quality will play an increasingly
important role in solving the world's human and animal nutrition problems.

Problems associlated with initial versions of high lysine maize have
pointed up the necessity for continued basic research on genetics, breeding,
analytical methods, and nutritional problems associated with quantity and
quality of protein in maize. The full potential will be realized only
through sustained basic, interdisciplinary research into these complex
problems.

The specific objectives of this research are:

a. Evaluate and develop breeding procedures for efficient

development through breeding of quality protein maize.

b. Study gene action and interactions with opaque-2 and other

mutant endosperm genes, especlally sugary-2 and waxy.

c. Conduct basic research on simple and accurate methods for

protein and amino acid analyses.

d. In cooperation with other world maize research centers, a

search is being made for new genes and development of germ-
plasm for improved protein quality and agronomic performance.
e. Verify bilological value by rat and other animal feeding tests
of new malze genotypes and germplasm.

f. Determine the relationship between cnvironmental heat units,
based on alr temperature and net radiant heat at a number of
latitudes and altitudes to determine their value in developing

mailze with broad adaptation.



A.

New Genes and Germplasm that May Provide Improved Protein Types

l.

Promising new mutants from Colombian or other germplasm

By extensive allele tests the phenotypically opaque mutants
collected in Colombia in 1964 and 1965 have been placed in seven
groups:

Group 1l: 4915

4918, 4940, 4944, 5578, 5579, 5586, 5587,

Group 2
5588, 5592, and 5593

Group 3: 4921

Group 4: 5595

Group 5: 4939

Group 6: opaque (Poey) and opaque-4

Group 7: 5590

In Group 7, 5590 is allelic to, and apparently identical to,
opaque-2. Chemical analyses have shown that the amino acid profile
is essentially identical to that of opaque-2.

Opaque-4 and opaque (Poey) were found to be recessive alleles
at the floury-1 locus. So presumably they are identical to Ela
reported by Mazoti. Therefore the proposed designation opaque-4
has been withdrawn in favor of the prior floury-a.

Mutant 4939 (Group 5) is allelic to opaque-l with which it is
apparently identical. It is located on chromosome 4.

The mutants of groups 1, 5, 6, and 7 are basically monogenic
although their expression may be modified by other genes. But
the mutants of groups 2, 3, and 4 are basically two gene systems.
They are duplicate recessive genes which generally give a 15:1

segregation in the F2 and a 3:1 segregation in the backcross.



However, they are subject to modification by other genes in various
genetic backgrounds.

The chromosomal location of 4915 is on chromosome 2 near
floury-1. Group 2, as established by work primarily on 5586, has
one gene on chromosome 7 and one on chromosome 3. Group 3, which
contains only the mutant 4921, apparently has one gene on chromo-
some 1. The location of the second gene has not yet been estab-
lighed. Mutant 5595 (Group 4) has one gene on chromosome 2. The
location of the other gene has tentatively been identified as
chromosome 5.

In 1971, another round in the search for protein quality
mutants was initiated by the inspection for segregation of several
hundred self-pollinated ears from each of the following sources
in Colombia: World Composite (16 possible mutants), Colombian
Variety 254 (13 possible mutants), Yellow Eto (40 possible mutants),
White Eto (1 possible mutant), Colombian Variety 206 (6 possible
mutants), Colombian hybrid H105 (9 possible mutants), Tropical
Coastal Flint (4 possible mutants), Yellow and White Mixture (3
possible mutants), Andaqui (7 possible mutants), Pira (1 possible
mutant), Amagacefo (1 possible mutant), and Cariaco (11 possible
mutants). These 112 possible mutants were planted in separate
rows at CIAT (Centro International de Agricultura Tropical).

Those which produced viable progeny were self-pollinated, out-
crossed to Eto, and where possible outcrossed to the United States
single cross hybrid A619 x A632.

Seed produced by the outcrosses to Eto was again planted at

CIAT, and seed producaed by the outcrosses to A619 x A632 was



2.

planted at Purdue. Kernels of the self-pollinated ears will be
analyzed for protein and lysine at Purdue.

A number of endosperm mutants had been isolated from the
"Temp A" and "Temp B" synthetics, and allele and analytical tests
are being conducted.

Temperate germplasm

Two synthetics have been developed with three generations of
random mating (see 1972 report p. 5). These have been designated
Temp HAQQ and Temp HB_c_>_2 Mild selection pressure has been applied
visually for modified opaque types and grain quality. Little
agronomic selection except for obviously undesirable types has
been practiced to avoid narrowing the germplasm and adaption to
United States cornbelt environment.

In the 1973 summer nursery approximately 350 to 400 full sibs
will be made in each of these two synthetics. These blocks will
be inoculated with northern leaf blight (Helminthosporium turcicum).
Selections will be made for resistance, modified types, and grain
quality. Approximately 150 to 200 full sib families in each
synthetic will be evaluated at 5 or 6 worldwide locations in the
Temperate Zone.

Temp HA and Temp HB synthetics were each crossed on endosperm
mutants su,0,, Wxo, and bt,o, and separate BC, conversions made
within each synthetic group (6 groups). Modified opaque-2
selections will be planted in an isclation in the 1973 summer
nursery and allowed to random mate within groups. Present plans

are to select for improved kernel size, weight, vitreousness, and

protein quality in these double mutant versions.



3.

Conversion of the temperate synthetic variety Colus to opaque-2
has been completed. A scheme to combine selection for yield,
modified (more vitreous) kernel, and lysine content is being ini-
tiated with this variety.

Selection for high protein in opaque~2 population

Modified ear-to-row selection is being conducted in opaque-2
Syn A. One cycle of selection is being completed each generation.
Selection has been primarily for high protein but with some con-
sideration for yield. Compared with previous generations, both
protein and yield were lower in 1972 (Table 1). It should be
noted that because of environmental conditions both yield and
protein content values were lower in other experiments in 1972.
Means and ranges in protein values indicate that considerable varia-
tion still exists within the population. The final generation of
selection is being conducted in 1973. Also 50 of the selected
ears from 1972 are being selfed to examine the possibility of
deriving high protein inbred lines from this population.

The first cycle of a similar selection program was completed
in an opaque-2 version of Iowa Super Stiff Stalk Synthetic. The
mean percent protein for the 127 half-sib families analyzed in
1972 was 11.0 with a range of 9.7 to 12.1. Average yield was
101 Bu/A. The mean protein content for the 32 selected families
was 11.3 with a range of 11.0 to 12,1. Mean yileld for the selected
families was 103 Bu/A. Eighty ears were selected from the selected
families to plant in 1973. Their mean protein content was 12.2

with a range of 11.2 to 14.3.



Table 1. Means and ranges in percent protein and grain yield for
the first three generations of selection.

Percent Range in Yield
Protein Percent Protein Bu/A
1970
Mean of all half-sib
families analyzed 11.2 9.8 - 12.5 87
Mean of selected families 11.6 11.0 - 12.5 90
Mean of selected ears
from celected families 13.7 12.2 - 15.9
1971
Mean of all half-sib
families analyzed 11.8 10.8 - 12.8 101
Mean of selected families 12,2 11.8 - 12.8 100
Mean of selected ears
from selected families 13.3 12.1 - 15.1
1972
Mean of all half-sib
families analyzed 11.6 10.7 - 12.4 86
Mean of selected families 11.9 11.6 - 12.4 87

Mean of selected ears
from selected families 12.9 11.8 - 14.4




B. Modified Opaque=-2

1. Modified Temperate Synthetic HM 2,9,

Synthetic HM 9,9, & population with a high percentage of
modified (vitreous) opaque-2 phenotypes, was developed and released
as source germplasm. The synthetic was developed by intercrossing
in a diallel fashion nine lines homozygous for opaque-2 that
exhibited a significant degree of endosperm vitreousness and were
derived from United States Cornbelt germplasm. From these crosses

444 S, ears were produced, and on the basis of modification and

1
ear-size and appearance, 70 ears were visually selected for endo-
sperm protein and lysine content determinations. The protein con-
tent of these ears ranged from 8.5 to 13.7 parcent with a mean of
10.6; while lysine as a percent of protein ranged from 2.0l to

3.34 with a mean of 2.75, and a percent of sample ranged from 0.223
to 0.349 with a mean of 0.289., Thirty-two ears with a lysine con-
tent expressed as percent of sample greater than 0.300 were inter-

crossed to form the synthetic.

2. VYield and protein quality relationships in modified opaque-2 types

Two experiments were conducted to study yield components and
protein and lysine content of modified opaque-2 malze. Characters
evaluated wer..: kernel yield per ear, kernel weight and density,
protein percent, and lysine as percent of protein. "Normal"(4122/22)
counterparts were obtailned by outcrossing to +/+,

In Experiment I a diallel among six modified opaque-2 lines
was compared to the 'mormal" counterpart diallei. The lines, their
respective sources, and the types of endosperm modification are

presented in Table 2. The "normal" phenotype was significantly higher



Table 2 . Origin of modified opaque-2 lines,

L —— — —————

Endosperm
Inbred Pedigree Modification
M=-3 o2 SynHA 82 Sectored
M=l (Flint "S"x(B3702xH6002)) 8, 1/2 : 1/2
M-5 [((B37xB1ko,)Blho,)m(SynéoD)] ), 1/2 : 1/2
M-6 o, SynHA High oil 8, Sectored
M=7 ((Pioneer 3306xB3702) x Pioneer 3306) 85 Sectored
(Near o,)
2
M-8 ((BluxIHP)m x (Blhoz)) 8), Sectored




than the modified phenotype for kernel yield, kernel weight,
kernel density, and protein percent. (Tables 3 and 4) However,
the modified opaque-2 exhibited a significantly greater lysine
content than the "normal." (Table 5)

In Experiment II eight modified opaque-~2 lines were crossed
to an opaque-2 inbred. F2 plants grown from selected opaque-2 and
modified opaque-2 kernels were sibbed and outcrossed to normal
pollen to compare opaque and its 'mormal," and modified and its
"normal" phenotypes.

As in Experiment I the "normal" phenotypes exhibited signifi-
cantly higher mean values than the modified phenotype for kernel
yield per ear, kernel weight, and density. (Tables 6, 7 and 8)
Modified opaque-2 was not significantly different from opaque=-2
for kernel yield per ear, kernel weight, and protein percent; but
it had significantly denser kernels. Opaque-2 had significantly
higher lysine content than modified opaque-2. (Table 8) There
was a significant negative correlation between lysine content and
visual endosperm grade in the modified opaque.

Another study investigated the protein content and quality of
the vitreous and opaque portions from modified upaque-2 endosperms.
These portions were compared to whole modified endosperm as well
as whole "normal" endosperm.

The vitreous portion had significantly greater protein content
than the opaque portion. (Tatles 9 and 10) Lysine content ex-
pressed both as percent of protein and percent of sample was
significantly higher in the opaque portion. The vitreous portion

had a higher lysine than the whole "normal" endosperm.



Table 3. HMean values of kernel yleld per ear and 100~kernel weight for modified opaque-2 hytrids and
normal ccunterparts.

Kernel yield per ear (g) 100-kernel weicnt (g)
mer snx lodified Fercent of "y "% liogified Percent of
Genotype Normal opaque~2 "Normal"” Normal opegue-2 "Normal®
¥-3 x H-5 201 202 100.5 32.07 30.58 95.4
N-3 x M5 178 172 96.6 27.45 26.25 95.6
M3 x M-8 208 180 %.5 31.94 28,09 87.9
Ml x M=5 176 155 38.0 23.81 21.56 90.6
KL x N6 162 159 98.1 22.62 21.60 95.5
M-l} x M7 177 152 85.9 26.32 22.50 85.5
M-l x M-8 180 166 92.2 27.37 24.19 84 .k
¥-5 x M6 187 173 92.5 27.18 2L,32 £o.5
M-5 x N-7 231 215 93.1 31.08 22.40 G4.6
M-5 x K-8 2060 181 90.5 29.48 26.99 91.6
¥-6 x h-7 178 167 - 93.8 29.05 25.89 89.1
M-7 x K-8 229 199 87.0 34.09 30.26 88.8
Grand mean 193 17?7 21.7 28.73 25.96 90.4

SE of differences between means

of Yormal vs. Modified phenctypes

in same hybrids: 3.78 0.tk
SE of differences between two

hybrid ceans in elther Normal

or Mcdified thenotyres 5.50 0.49

* O‘;ta}ned oy cuicrossing the modified opagque-2 to normel pollea source, giving the endosperm genotype
+/0n/0ns .
el ~2

0T



Table &. Mean values of kernel density for modified opaque hybrids
and "normal" counterparts, and grade for modified opaque-2

kexrnels.
Kernel density
"Normal"®  Modiried Percent of G bl
Genotype opague=~2 “Nornal" rade
¥-3 x M4 1,32 1,24 93,9 3.0
M-3 x M5 1,33 1.28 96,2 3,2
M~3 x M-6 1.32 1.27 96,2 3.0
M-B X M"? 1.32 3023 9302 205
M-B x M-8 1032 1. 23 9302 207
Melt x M"S 1.34 1029 9603 303
M-l x M.6 1031 1.28 9?.7 2.8
M-l X M7 1034 1.2"’ 9205 2.8
M-l x M-8 1032 1.16 8709 205
yl"5 X M-6 1032 1.26 9505 209
Me5 x M=? i.30 1.24 95.4 243
E"S x M-8 1033 1.21 91.0 2.1
H-6 X M-? 1.28 1.20 93.8 2,0
M"é x M-8 1030 1.2 9301 108
M-7 x M-8 1.25 1.19 95.2 1.5
Grand Mean 1.31 1,24 9.7 2.6

SE of differences between means of "Normal" vs., Modified phenotypes in
same hytrid:s 0,017,

SE of differences between two genotype means in same phenotypes 0,022,

* Obtained by outcrossing the modified opaque-2 to normal pollen
source, giving the endosperm genotype +/0p/0p.

*¥* yisual rating based on the proportion of the endosperm that is
nodified and on the frequency of endosperms showing modification.



Table 5. Mean values of protein percent and lysine as percent of
' protein in "normal" and modified opaque-2 kernels.

Protein percent Lysine as_percent of Protein

. n# Modified Percent of . o¥ Modified lercent of

Genotype  "Normal opaque=-2 “Normal"¥ Nornal opaque-2 “Normal"*
M"S X M"S 11 06 11.1 9507 2039 305“‘ 148.1
M-3 x H-6 10,9 10.6 97.2 2455 3.63 1424
M-B x M"? 11 0? 1102 9507 ' 20"’6 3.62 14?.2
M'B x M-8 1305 1300 96.3 2.11 303’4' 15803
M-l x M=5 11.7 11.2 95.7 2.46 359 145,9
Nedt x M=6 10.5 10.6 101.0 2.75 3.98 144.,7
M“"“ X M"? 11 06 10.8 93.1 2.61 ’4—.03 15“.“
M-t x M-8 1206 1300 10302 2.27 3056 15608
M"S X M"6 11 06 1105 9901 2066 307"’ 1“006
H“S X M-? 1008 10.“ 9603 2067 30?7 1“1.2
M5 x M-8  13.1 12.6  96.2 2,29 343 149,8
M-6 X M-? 8.7 8.8 101.1 3022 3.98 123.6
M-6 x M-8 12.6 12.2 96.8 2,33 3.69 158.4
F=7 % M-8 1207 12,0 9’4’.5 2.57 30?3 1“5.1
Grand Mean 11.7 11-“ 970“ 2051 3.69 1“’?.0

SE of differences

between means of Normal

vs. Modified phenotypes

in same hybrid: 0.24 0.08
SE of diffexences

between two genotype

means in same phenotypes0.30 0.10

*  Ovtained by outcrossing the modified opagque-2 to normal pollen

source, giving the endosperm genotype +/02/02.


http:phenotype:0.30
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Mean values of kernel yleld per ear and 100-kexrnel welght
for opaque~2 outcrossed Lo nermal and sibked, and modilled
opaque-2 outcrossed to ncrmal and sibbed,

Tabie 6

Hadified oprquew?
- Fernent of
Sibted "roymal

(reane=2
Cuterossed S1bbed Fereent of Cuterosead
[SRIRSLN
to normal. ” "normal"* +to normal

Genotype

-

Kernel yield per ear (g)

:\63202093{&‘:“7 1“3 129 90 2 148 1314’ 90 . 5
AG320505%-5 125 111 88.8 130 122 93.8
£6320505i~8 113 96 85.0 115 103 89.6
h632c50550-2 133 115 8645 137 115 83.9
£6320,05Xi-6 127 100 78.7 116 102 87.9
263203505319 122 106 86.9 118 121 102,54
£632050oxH -4 119 107 89,9 122 107 87.7
2632050503 126 114 90,5 125 109 87.2
Crand Mean 126at 110v 87.3 126a 114b 905
100-kernel weight (g)
L6320000xM-7 30417 25.43 84,3 30,58 26,50 154%
A6320053M-5 26,08  22.21 85.2 27.36  23.11 74,5
£6320505x-8 28,00 22,73 81.2 28,37  2h.€8 5740
A632050o%1-2  28.23 25.08 £8.8 28.12 24,12 35.8
A6320§02XH—6 214‘075 20.82 8401 25933 19.86 ?8."
A6320?02x1'1"9 2”’.61 21 090 8900 23.67 23. 11 97.6
AE3Rogooxti-4 21,49 18.56 864 21,26  18.55 87.3
A6320202XM"3 2?.75 23 .55 84'.9 27.01 23022 86.0
Grand Mean 26.39a% 22,540 85.4 26,462 22,89 CA.5

ran

LY

# and ** (btained by outcrossing the opague-2 and medified é;aiuv-z
to normal pollen source, giving the endospern gonotly;<
+/02/020

+ lieans followed by the same letter do not differ significunily at
0.05 level (Duncan's new multiple-range test).



Table 7 Fean values of kernel density for opague-~2 outcrossed to normal and sitbed, modified opaque-2
outcrossed to normal and sibeed, and grade for modified opaque-2 kexrnels.

1C0-kernel density

Op2gue-2 Fiodified orague-2
. P Per
Genotype Cuterossed  sivbed  wronvugl Outerossed  stobed  woooon®, L Graget
A632°2°2x}:-7 1.22 1.06 8609 1.22 1.15 %03 108
A632°202}d’!"5 1027 1.08 8500 1.27 1.19 93.7 207
A6320202XM-8 1-25 1003 82.4 1.28 1-15 89.4 2.7
A6320202x}'1“2 1.26 1-10 8703 1.26 1.1“‘ 90.5 2.5
A6320202x2'§-6 1026 1009 8605 1.2? 1.15 90.6 2.3
A6320202xﬁ-9 1.25 1.08 86.4 1.25 1.14 9i.2 2.5
AéBZOZGZXH-# 1.27 1.05 82.7 1.25 1.16 92.8 2.5
A6320202x}"-3 1.25 1 .09 87 .2 1.28 1013 88-3 205
Crand Mean 1,258  1.07¢ 85.6 1.26a°  1.15b 91.3 2.4

* and ** Cbtained by outcrossing the opegue-2 and modified opague-2 to normal pollen source, giving
the endospern genotype +/05/05.

+ Visual x=ting based on the rroportion of the endospern that is modified and on the frequency of
endcsperns showing modification.

# Yeans follgned by the same letter do not differ significantly at 0.05 level (Duncan's new multiple-
renge test).
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Table 8 liean values of rroiein and lysine for opaque~2 outcrossed
10 normal and sibbed, and mocified opaque~2 outcrossed to
normal and sibtbed.

Standined ovague-~2 Nodified opaque~2
Cutcroszud - rorecont of Cutcerossed zercent of
Genotype to normal sibted "norual"*  to normal Sibbed rmal' X ¥

Protein percent

A6320q0 ¥M-7 11.3 11.4 101.2 114 11,0 9605
AéBZUzOzyJA* 12.6 i2.0 9502 12,0 12.3 1020
A63202 oX. x-8 14,3 13,5 Ol 1t 14,6 13,0 89, 0
A6320n02\A -2 12.5 13.1 104,8 12.2 1301 107.“'
A637090?x”~6 11,7 12,0 102.8 10.9 10.9 100,0
It63...0r>09 .“"9 i2.1 12.“ 102.5 12.9 1203 9503
A6320902}.};'J4 11 07 11 08 100.6 12,0 11 08 98.3
A6)20202x.~3 11,7 12.5 106.6 12.6 12,3 97.6
Grand lean  12.2a% 12,32 100.8 12,32  12.1a 98,4

Iyéine as percent of protein

«6320?o,x..-7 2.66 L,17 156.8 2.64 L,07 154,2
A6320, Oq\n-J 2.51 3.99 159.0 2.38 3.56 149,6
A6320 VoK 2.27 4,08 1?9.8 2017 3055 16306
AéB?O?Or)fJJ"d 2026 4,02 17709 2-43 30?0 15203
I‘\()B/O 0,7 vi=0 2.49 4021 16901 2.?1 4,08 150.6
4£6320,0 xA-9 2.6 4,16 169.1 2,35 3.78 1€0.,9
1&63202023\1;"3 2053 L, 16 16“’ .ll- 2.41 30 86 1600 2
Grand Mean 2.46ct 4,118 166.7 2.45¢ 3.84h  156,7

* and ** Cbtained by outcrossing the opaque=~2 and modifici cprque=2
to normal pollen source, giving the endosperm genotyre
+/05/05.

1+ Feans followcd by the same letter do not differ significantly at

0,05 1level (Duncan's new multiplo-range test).



Table 9 Kean velues of protein and lysine in rodified opague-2 malze endosperns for 1971 and 1972,

Prgtein percent

Lysine content

Percent of protein

Percent of sample

Genotyype Opague  Viireous Whole Craque Vitreous Whole Cpague  Vitrecus Whole
portion portlon endosperm portion porticn endosperm portion portion endosperm
1971
H"'i 8.6 . 10.6 10.9 4.52 2.76 3.19 0039 0.29 0'35
M-2 9.8 11.2 11.5 3.74 2.22 2.54 0.37 .25 0.29
M’B 8.? 11.5 11.2 S'M 2080 3.25 OQM 0032 0.3?
Grand Nean 9.0b* 11.1a i1.2a L h3a* 2,50¢ 2.99b 0.4Ca* 0.29c 0.34%d
1972
Fa-i X M-Z 9.2 1105 1006 L"083 2.56 Bod‘ 0.1}5 0.30 0033
H-Z X M"5 10'2 13.4 1208 3.29 2009 2.36 0.3@ 002’8 0030
¥4 x Ma5 3.8 12.2 10.9 4,56 2.34 2.80 0.0 .29 C.31
K- x M-6 8.4 i2.1 11.2 L.73 2.4 2.83 0.40 0.30 0.32
li-dp x M-7 8.0 12.9 12.0 5.1 2.3% 2.75 0.41 0.31 0.33
M-t x KB 7.7 12.1 '11.1 4 4o 2.30 2.62 0.34 0.28 0.29
Grand Mean 8,7c* 1242 11> 4.hga*x 2,%%¢ 2.73b 0.3Ga* 0,29 0.31b

* Heans followed by the came letter do not differ significantly at 0.05 level (Duncan's new

muitiple-xance iest).
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Table 10 Mean values of protein and lysine in maize endosperms,

1973.
Medified oraque~2 endospernm
“Normal"
Genotype Opaque Vitreous Yhole endospern*
portion portion endospern
Protein percent

M-B X M- 708 11.1 905 11.9
M"B x M-8 8.1 11"06 i1.0 12,8
M‘J’ b 4 M“? 7.“ 1000 808 1009
M"5 X M"'6 R 7.7 10.2 9.1 909
Grand mecan 7 .8c** 11.5a 9.6b 11.ba
) Lysine as percent of protein
H"B X M-l 3.98 2.30 2075 1036
M-B x M-8 3."8 1.82 2.4 1.27
M-lt x M7 l&.OO 2.20 2.88 1059
M"‘S X k-6 3018 2013 2.60 1.60
Grand mean 3. 6bar* 2.11¢ 2.67b 1.6

R Lysine as percent of sample
M=3 x M-4 0.31 0.25 0.26 0.16
M-3 X M-8 0028 002? 0027 0016
Medt % M"? 0.29 0.22 0026 0017
M-5 x H-6 0.24 0.22 0.24 0016
Grand mean 0,28ak#* 0,24¢ 0,261 0,164

*  (Obtained by outcrossing the moaifled opaque~¢ to noliral pollun
source, giving the endosperm genotype +/0p/02.

#* Means followed vy the some letter do not differ sigmificantly et
0.05 level (Duncan's new nultiple-range test).

17
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3. Amino acid profiles and protein fractionation of modified opaque-2

A complete amino acid profile of all four endosperm classes
revealed that the opaque portion as compared to the vitreous portion
was much higher in lysine, tryptophan, arginine, and glycine con-
centrations. (Table 11) The vitreous portion was much higher in
lysine, tryptophan, cystine,histidine, arginine, and glycine as
compared to the whole 'normal" endosperm.

The results from endosperm protein fractionation (Table 12)
showed that the opaque portion was lower in zein than any of the
other endosperm classes. The zein content of vitreous portion was
quite high compared to the opaque portion and was approaching values
found in '"normal."

Although these results were taken upon a small germplasm
sample, it may be concluded that the modified opaque-2 maize as
compared to standard opaque-2 expression did not increase yield
and were poorer in protein quality.

C. Recurrent Selection for Increased Germ Size

1. Selection for larger germ size (higher oil) to maximize nutritional

qualities

In the last annual report results of three methods of selection
for larger germ size (percent oil) applied to opaque-2 Syn A were
reported (pp. 12-17). The second cycle of selection by the S1
progeny method has been completed. The derived populations pre-
viously obtained by half- and full-sib family selection (two cycles
each), and those obtained by Sl progeny selection (two cycles) are
again being compared in a replicated field test in the summer of 1973.

A highly significant, positive correlation (r = 0.48*%¥%) between

oil and protein content was also reported for this population.



Takle 11 Anino acid comrositicn of defatted maize eadcsperms.

Amino acid conceniration (grams per 100 g of protein) in

N-3 x N-4 li=-3 x K-8
Axins Acld Jodified opague-2 cnfesrern ¥edified cozzus-Z erdezrorm
- “Noxrmal" "dorzal"
Craque Vitrscus “hole endospexrm* Crague  Vitrcous  ihole endosperm*
porticn  porticn erndosrerm portion  pertlion endosperm

Iysine 3.99 2.27 2.78 1.b5 3. 54 1.99 2.9 1.33
Tryrtccthan 1,11 0.71 0.74 0.35 0.G8 0.39 Cc.71 0.37
ieucine §.16 12.18 11,57 15,00 8.35 13.55 12.48 16.21
Iscieucine 3.25 3.48 3.61 3.65 3.20 3.74 3.66 ,02
Theegcnine 3u5“’ 3039 3067 3:32 3.54 3.55 3568 30514"
YNethionine 1.72 2,02 2.12 2.20 1.69 2.10 2.12 2.30
C_\"Stll.e 2:68 2-67 2:92 1-91 2.95 2.64 2.76 1098
E":E:’-.:.'lal.-‘.’.nin- 3074 4065 4.73 5.33 3.92 5-35 3. 95 5.70
Tyrcsine 3.84 L3 L,58 LGl 3.96 4,72 4,52 5.26
Valire 5.33 4,84 5.32 L. gt 5.34 4,90 5.32 4,74
Eistidine 3-94 3063 3.82 2.95 3.97 3.% 3.77 2.92
Arginine 5.79 4,30 4,78 3.32 5.25 4.08 L,52 3.07
Glycire 4,65 3.56 L,12 2.69 4,63 3.54 3.99 2.80
Alz2nine 5.7 6.76 €.74 8.22 5.65 7.43 7.11 8.75
Sexlire 3.60 k.19 L 47 4,80 4,05 L,75 k.50 5.16
A.S:.:artic aciad 7.8"" ?o07 7.?8 5078 . 7.1"" 6.8“’ ?ol"s 6.12
Glutazic acid 17.24 22.47 22,22 25.19 18.36 24,28 23.60 27.77
Proline 8.38 10.41 10.34 .93 8.96 10.59 11.01 10.67
Frotein (percent) 7.8 11.1 9.5 11.9 8.1 14.6 11.0 12.8
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Table 12 Nitrogen distribution in maize endospernms.

Percent of soluble nitrogen¥*

-3 x M-8 K-5 x -6
fraction Crague Vitreous ¥nhele endos—erm Cpzque Vitreous whele sndospesm
portion portion Mc2iried "Nom:zal"** portion portion Medified ‘Iocrmal"¥®
I {Alburin and glctulin) 17.02 10.11 7.34 4,98 16.95 10.05 13.63 6.08
II (Zein) 15.82 42.19 24,13 L6.36 15.92 38.53 24,15 bs5,76
II1 (Glutelin-1) . 9.06 20.28  20.80 20.30 10.31 15.75 15.87 20.37
IV (Glutelin-2) 15.46 9.72  16.20 9.5 22.69 12,90 14,22 14 .1
.V {Glutelin-3) 42,63 17.71 31.54 18.90 .l 22.78  32.14 13.39

* Data adjusted for 100 percent recovery.

*% CObtained bty outcrossing the modified endosperm to a normal pollen source.
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On the basis of this relationship a program of rather intense
selection was begun to increase both oil and protein. The program
was initiated by seiecting from the derived populations eight
individual ears having high oil content and intercrossing them in
all combinations. These crosses were then ear-rowed and selfed.
One hundred and eighty of the selfed ears were analyzed for oil
and proiein content. Eighteen of the ears whose oil content
ranged from 6.45 to 8.18 percent with a mean of 7.20 and whose pro-
tein content ranged from 11.2 to 14.2 percent with a mean of 12.6
were selected and intercrossed in all possible combinations.
These crosses will be selfed in the 1973 Summer Nursery and re~
sulting ears analyzed for oil and protein.

Additionally, 12 of the 18 selected ears having an oil content
above 7 percent and a protein level above 12 percent were selfed
again. Five to eight 82 progeny ears from each of the 12 selected

S, ears are being grown to investigate the possibilities of deriv-

1
ing inbred lines having high oil and protein.

D. Genetlc Interactions

1.

Isolation of genetic lines and synthesis of specific endosperm

mutant hybrids

A continued effort is being made to evaluate several endosperm
mutant genes in double gene combinations with opaque-2 and floury-2.
This is being done in an expanded number of inbred lines. Much
of the progress in line conversions, synthesis of double gene
combinations, and production of single-cross hybrids has been ad-
vanced by the use of the Florida and Hawali winter nursery sites.

Considerable emphasis is being placed on the opaque-2 double gene
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combinations with the endosperm mutant genes sugary-2 and waxy
because of their potential utilization to improve nutritional
characteristics.

The initial phases of this program have involved backcrossing
the mutant genes to the selected inbred backgrounds and recovering
near isogenic lines for each mutant within an inbred. Several of

the mutants have been recovered after six or more backcrosses

within five backgrounds, while other background conversions are
not as far advanced.

The following conversions (six backcrosses) were released
because of the interest in their utilization to improve nutritional
characteristics: Oh43 su,/su), B37 su,/su,, C103 su,/su,, 0h43 wx/wx,
C103 wx/wx. These releases have been distributed widely both in
the United States and to other countries.

Double mutant genotypes involving the o, or the g;z gene with
the following mutants--ae, du, wx, 8Y,, sh,, 8y,, and 512--have been
isolated in the Oh43,y64A, B37, and C103 backgrounds. Of these
combinations the more promising double mutant genotypes are being
or will be derived in additional backgrounds. The‘g_2 double com-
binations with bt, and 952 mutants are being isolated in the Oh43,
W64A, B37, and C103 backgrounds.

The four near isogenic line sets (Oh43, W64A, B37, and C103)
each with the foilowing single mutants--ae, du, wx, 8y, BY; sh,,
g;z and 9,-~and thelr double combinations with 2, and/or fl, were
crossed in a diallel series along with their normal counterparts
to produce isogenic line single~cross hybrids.

A limited effort is being continued in the isolation of the

opaque-7 mutant in a few inbred backgrounds (see 1971~72 Annual
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Report, pp. 4-5) and the isolation of opaque~7 double mutant com-
binations with a select few endosperm mutant genes. Data from
initial recoveries of 995 9,0, and ;;227 from four different back-
grounds gave mean values over the backgrounds of 11.4% protein
and 2.8 lysine percent of protein for 945 10.4% protein and 3.6
lysine percent of protein for 0403 and 12.0% protein and 3.3
lysine percent of protein for glﬁg7. It would appear that the o
gene may affect lysine levels very near those of ;;2.

Mature grain characteristics in selected single endosperm mutant

genes and their double mutant combinations with opaque-2 in hybrid

backgrounds (1972)

(Part of Mr. G. A. Tosello's Ph.D. thesis program) Reported
here will be the mature grain data of the second year (1972)
evaluation of the near-isogenic hybrid lines. These hybrids were
derived from a diallel series of crosses (see 1971-72 Annual Report,
p. 18) from four inbreds (Oh43, W64A, B37, and C103) each nearly
isogenic for the following single endosperm mutants--ae, du, WX,
84, ilﬁ and 0,--and their double combinations with opaque-2.
The endosperm mutant hybrids and their normal hybrid counterparts
were grown at the Purdue Agronomy Farm in 1972 in a split-split
plot randomized complete block design with four replicates. The
parental materials, although grown with these hybrid materials as
one of the main plot effects, were analyzed separately from the
hybrid data and will not be shown here.

One hundred-kernel weight and volume, kernel density, germ
percent, and percent protein and lysine of the endosperm fraction

were determined for all genotypes of the six hybrids. Percent
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starch in the endosperm, amylose percent of the endosperm starch,

and percent 0il in the whole kernels were determined for selected

genotypes of the six hybrids. The data are presented on the geno-
type means over hybrids.

The analyses of variance on the 1972 data indicated signifi-
cant differences among hybrids for all variables except percent
amylose and between the means of genotypes over hybrids for all
characteristics. All hybrid x genotype interactions were signi-
ficant for all variables except for percent starch and percent
amylose. These data conform very closely to the 1971 data and
indicate the importance of genetic background.

The 1972 means for 100-kernel weight and volume, kernel density,
and germ percent of the whole kernel of the single endosperm mutants
and their 9, double combination lines over hybrids are presented
in Table 13. One hundred-kernel weight and volume of all geno-
types were significantly less than normal. The‘g_2 double combina-
tion lines were reduced in 100-kernel weight and volume in compari~
son to the respective nonopaque line; however, not all were signi-
ficantly reduced. The WX 0, double combination was higher in
kernel weight while all other double combination genotypes were
significantly lower in kernel weight than the 2, single mutant
line. The 8u, mutant when avereged over the hybrids was 16 percent
lower in kernel volume. This reduced kernel size may also be
principally responsible for the reduction in kernel weight.

The 84, mutant glves a superior kernel density (Table 13).

The most striking effect of the 8u, gene is that when it is com~

bined with the o, gene to produce the 8u,0, double combination, it



Table 13. One-year means of several single endosperm mutants

and o, combination lines over hybrids for 100-

kernei volumes, 100-kernel weight, kernel density,

iand germ percent--1972.

100-Kernel 100-Kernel Kernel Germ
Volume Weight Density

Genotype (ml) (g) (g/ml) (%)
+H 26.47 34.03 1.29 13.32
_92/_92 25.46 29.18 1.15 17.85
ﬂ._z/f_l_2 25.15 28.56 1.14 16.90
_f_;_zlﬂzgz/_g_z 22.56 26,09 1.16 17.38
ae/ae 25.05 31.19 1.25 15.85
ae/ae _9_2/22 24,61 27.60 1.12 20.41
du/du 24.67 31.30 1.27 14.82
du/du 9_2/22 23.47 27.26 1.16 18.87
wx/wx 25.63 33.48 1.31 12.94
wx/wx 92/22 25.19 29.74 1.18 18.13
_9_132/_9_112 22.15 29.46 1.33 13.90
9_22/23222/9_2 21.30 26.93 1.26 17.54
LSD (0.01) 1.15 "1.29 0.02 1.97
cv (%) 2.61 2.40 1.25 6.56

25
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shows an apparent interaction to improve the kernel density and
vitreousness. The kernel density of the 84,0, combination was
significantly superior to the o, lines and all other o, double
combinations.

The increase in germ percent of o, as has been shown in
previous years and in other studies is evident in these materials
(Table 13). The ngQQ and 84,0, double combinations were reduced
in germ percent compared to the 2, genotype; however, not signi-
ficantly so, whereas the other double combinations with o, re-
sulted in increased germ percent. Even though the 8u, gene de=-
creased kernel volume (seed size) as mentioned above, it is noted
that the germ percent of the whole kernel was not significantly
greater (<0.01) than the normal counterpart.

The 1972 means for percent protein and lysine as percent of
protein in the endosperm fraction of the single endosperm mutants
and their o, double combination lines over hybrids are presented
in Table 14. The percent protein in the endosperm of the hybrid
materlials was lower across all genotypes in 1972 than those ob-
served in the 1971 season.

The mean percent protein in the endosperm fraction of (D)
genotype over hybrids was significantly lower than the normal
counterpart hybrids and the means of all [P} double combination
lines were significantly lower than their respective single non-
opaque line. However, with the exception of the wx o, combina-
tion, all 2, double combination lines were significantly greater
in percent endogperm protein than the 0, mean. When compared on

a milligram of protein per endosperm basis over hybrids, there was



Table 14. One-year means of several single endosperm mutants
and o, double combination lines over hybrids for percent
proteIn and lysine percent of protein in the endosperm--

1972.

Endosperm Endosperm

Protein Lysine
Genotype (%) (g/100g Pro.)
+/+ 9.90 1.75
9,/0, 8.42 3.20
212[£L2 10.76 2,75
£1,/£1,0,/0, 9.08 3.19
ae/ae 11.24 2.06
ae/ae 0,/0, 9.23 3.71
du/du 10.61 2.20
du/du o,/0, 8.76 3.80
wx/wx 10.20 1.82
su,/su, 10.58 2.25
8u,/8u,0,/0, 8.87 3.73
LSD (0.01) 0.77 0.41

CV (%) 4.42 7.96
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no significant difference among means of the ) double mutant
combinations and the 9, genotype nor among the [P} double mutant
combinations.

With the exception of the wx mean values for lysine as percent
of protein (g/100 g protein) in the endosperm fraction of all
single endosperm mutants and 9, double mutant combination lines
were significantly greater than the mean of the normal hybrid
counterpart. In addition to the fl, mutant, the ae, du, and

2

84, mutants showed some increase in lysine as percent of protein.
Sugary-2 was 29 percent greater than the normal counterpart in
lysine as percent of protein and 19 percent greater than the normal
counterpart in actual milligrams lysine per endosperm. The £1292
double combination was not different from the_o_2 genotype, while
the mean of all otherg_2 double combinations were significantly
greater than L] in lysine as percent of protein in the endosperm
fraction. The wx o, and 8u,0, double combination means were 8
and 17 percent respectively greater than o, in lysine (g/100 g
protein), and 7 and 14 percent respectively greater than o, when
compared on a milligrams lysine per endosperm basis.

Percent starch of the mature endosperm fractions of two
replications of each genotype in all six hybrids was determined
by the procedure of Shuman and Plunkett (1964) which uses CaCl2 to
solubilize the starch. Percent amylose in the endosperm starch
of all genotypes except 5;2, leQQ’ wx, and ¥x o, was determined.
There were very small differences in percent starch among the
genotypes. The mean values for the genotypes ranged from 65.89

to 62.72 percent starch in the endosperm fractions. The opaque-2
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mean percent amylose value was not significantly dif ferent from
the normal counterpart. The ae o, and du o, double combinations
showed a slight nonsignificant decrease in percent amylose while
8Y,0, gshowed a significant (<0.05) increase in percent amylose

over their respective nonopaque-2 single mutant lines.

The mean values for percent oil (whole kernel bases) and
milligrams oil per whole kernel of the Qs BUy, BU0, hybrids and
their normal counterpart hybrids are shown in Table 15. Signifi-
cant differences were observed among all four genotypes for percent
oil. Although the mean value of o, was greater than the normal
counterpart hybrids in oil percent, 2, did not show any significant
difference in oil content per kernel (mg oil/kernel). As was
observed in the 1971 results, the su, gene showed a significant
increase in oil percent of the whole kernel (Table 15) while the
germ percent was not siginificantly changed. However, the germ
percent of the whole kernel did show a nonsignificant increase
over normal in the 1972 data (Table 15). The 8,0, combination
resulted in the greatest oil percent and was significantly higher
than su,. The mean values for actual oil content (mg oil/kernel)
of the sy, and 8u,0, hybrids were 18 and 19 percent respectively
greater than the mean of the normal counterpart hybrids.

Immature grain (green corn) characteristics in selected single

endosperm mutant genes and their double combinations with opaque-2

(Part of Mr. G. A. Tosello's Ph.D. Thesis program) Reported
here will be preliminary data on the immature (21~ and 42-day
postpollination) green corn protein quality of the first year's

evaluation of the near isogenic hybrid lines. The derivation of



Table 15. One-year means of su 90 BU,0
over hybrids for percent oi

kernel--1972.

E’ [

and normal genotypes
oil content in the whole

011 0il/Kernel
Genotype (%) (mg)
+/+ 4.27 14.47
su,/su, 5.71 17.01
8u,/8u,0,/0, 6.43 17.21
LSD (0.01) 0.17 1.45
cv (%) 8.96 4,86
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the materials is the same as reported in the 1971-72 Annual Report,
page 18 and section D-2 above. The hybrids each with the following
single endosperm mutants--ae, WX, Su,, 8u,, ghe, ;;2, and o,--their
double combinations with opaqdér2, and their normal hybrid counter-
parts were sampled at 21- and 42-days after pollination, represen-
tative of edible corns in the near green corn or late roasting ear
stage of development. The kernels were immediately cut from the
harvested ears, placed on dry ice, transferred to -29°% holding
storage until freeze~dried for longer term preservation and until
the samples could be prepared for protein and carbohydrate quality
analyses.

The su,, 8u;0,, sh,, sh,o0, along with the o, and normal
counterpart hybrids were statistically analyzed as a group within
sample dates. Three hybrids and two replications were represented
in the 21-day samples and four hybrids and two replications were
represented in the 42-day samples. The ae, ae o,, WX, WX 0,, 8Uy,
8Y50,, ;;q, glzgz along with the o, and normal counterpart hybrids
were statistically analyzed as a group within sample dates. Six
hybrids and three replications were represented in the 2l-day
samples, and six hybrids and two replications were represented in
the 42-day samples.

Preliminary data on percent protein and lysine as percent of
the protein in the endosperm fraction are presented on the genotype
means over hybrids. Carbohydrate quality--i.e., reducing sugars,
sucrose, water-soluble polysaccharide, starch content, and kernel

component weights--will be reported later when the data are more

complete from the two season trials in this study.
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The analysis of variance of the 1971 data for the 21-day
samples of the 8Y), 84;0,, sh,, ggzgz, 9, and normal counterpart
hybrids indicated significant differences among hybrids for protein
percent and lysine as percent of protein in the endosperm and
between the means for genotypes over hybrids for lysine as per-
cent of protein. The hybrid x genotype interactions were not
significant for either variable. In the 42-day samples of the
same materlals, significant differences among hybrids existed for
protein percent in the endosperm fraction and between the means of
these genotypes over hybrids for both protein percent and lysine
as percent of protein. The hybrid x genotype interaction was
significant for lysine as percent of protein.

The mean values of protein percent and lysine as percent of
protein in the endosperm fraction of 9y» 84y, 8u,0,, ghz, ghzgz
and the normal counterpart hybrids for the 21- and 42~day samples
are presented in Table 16. Percent protein in the endosperm
fraction was not significantly different among genotypes at 2l-days
after pollination, but protein content at this immature stage of
development was excellent. As development proceeded, the percent
protein decreased considerably in the endosperm fraction at 42-days
after pollination as one would expect, with the exceptions of ghz
and 32292 hybrids. The latter two genotypes were significantly
greater than other genotypes in percent protein within the 42-day
samples. The 8y, and su,0, genotypes were not significantly
greater than normal, but they were significantly greater than‘_g2
for percent protein at 42~days after pollination.

The mean values for lysine as percent of protein in the endo~

sperm fraction at 2l-days after pollination of the 95 8410,



Table 16.

33

Mean values of endosperm protein percent and lysine as percent
of protein for o,, 8u,,8U,0,, sh,, sh,0, and the normal counter-

part hybrids for“21- and 42-days-after pollination--1971.

Days after Pollination

21t 42

Protein Lysine Protein Lysine
Genotype (%) (g/100g protein) (%) (g/100g protein)
+/+ 14.0 a* 3.87 b 11.5 be 2.27 4
9,/9, 13.5 a 4.40 ab 10.0 ¢ 3.27 b
ggl[ggl 13.9 a 3.92 b 12.3 b 2.71 ¢
8y, /su,0,/0, 14.3 a 4.50 a 11.8 b 4.32 a
sh,/sh, 15.8 a 4.05 ab 15.1 a 3.53 b
532[52292[92 15.2 a 4.55 a 14.7 a 4,20 a

+ Means of
++ Means of
* Means wi
ficantly
Duncan's

three hybrids and two replications.

four hybrids and two replications.

thin a column followed by a common letter do not differ signi-
at the 1 percent level of significance as determined by
Multiple Range Tests.



34

§§2 and sh,0, genotypes were not significantly different from

each other, but all were higher than the normal counterpart. How-
ever, 0,, Su; and 522 wvere not significantly greater than normal
for lysine as a percent of protein. In the 42-day samples the
84,0, and EEZQZ genotypes were significantly superior in lysine as
percent of protein to the respective nonopaque single mutants and

(] All genotypes were significantly greater than normal in

9°
lysine as percent protein at this stage of development.

A field replicated trial of the EEZ and EEZQZ genotypes in
an early generation hybrid background was analyzed for percent
protein and lysine as percent of protein in the whole kernel at
near mature stage of development. The 952 had 15.6% protein and
3.81 lysine as percent of protein while 95292 ran 17.8% and 4.73
(g/100g protein) for protein and lysine as percent of protein
regspectively. The h£292 genotype compares favorably with the
protein quality observed in 33292'

The analyses of variance of the 1971 data for the 21- and
42-day samples .f the ae, ae 0,, WX, WX 0,, 8U,, 8u,0,, fl,,
21292,_22, and normal counterpart hybrids indicated significant
differences among hybrids and between the means of genotypes over
hybrids for protein percent and lysine percent of protein in the
endosﬁerm fraction. With the exception of the variable protein
percent in the 42-day samples, the hybrid x genotype interactions
were significant.

The mean values of protein percent and lysine as percent of

protein in the endosperm fraction of o,, g;z, ﬁlzgz, ae, ae 0,

WX, WX 0,, BU,, BU,0,, and the normal counterpart hybrids for the
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21- and 42-day samples are presented in Table 17. Percent protein
and lysine percent of protein (quality) at 21-days after pollina-
tion was at a high level in all genotypes, and few significant
differences exlsted. As development proceeded (42-day samples),
protein quality dropped; and the differences among genotypes became
more apparent. The double combination genotypes'glzgz, ae 0y, WX 0y
and 8u,0, were not statistically different from o, at 21-days after
pollination, and with the exception of fl,0, all were significantly
greater than 9, at 42-days after pollination in lysine as percent
of protein. The ae 0,5 WX O, and 8Y,09 genotypes appear to have
favorable protein quality for edible corn maturity although they
were not as high in protein quality as the su,o0, and sh,0, geno-
types (Table 16). Opaque~2 was reduced in percent protein in the
endosperm fractions at 21~ and 42-days after pollination compared
to the normal counterpart and significantly so in the 42-day
samples. The effect of o, on the double combinations was also
reduced percent protein compared to the respective single non-
opaque-2 gene in the combination. This result is consistent with
what was found in the mature grain samples.

In vitro digestibility characteristics of endosperm mutants and

thelr double combinations with opaque-2

In previous studies we have demonstrated the differences
among several single endosperm mutants and their double combina-
tions with opaque~2 in in vitro susceptibility of starch granules
(raw and whole grain starch) to the action of amyloglucosidase
using a reaction system adopted to a differential respirometer

(see 1971-72 Annual Report, pp. 28-31). In cooperation with



Table 17. Mean values of endosperm protein percent and lysine as percent
of protein for several single endosperm mutants, their ]
double combinations and the normal counterpart hybrids for
21- and 42-days after pollination--1971.

Days after Pollination
21t 42
Protein Lysine Protein Lysine

Genotype (%) (g/100g protein) (%) (g/100g protein)

+/+ 14.6 tcd* 3.87 e 11.6 abc 2.25 h

92/92 14.1 4 4.33 ab 10.4 de 3.36 de

ilQ/ilz 16.1 a 4.12 be 12.5 a 3.25 e

_£L2/£1222[g2 15.1 be 4.18 be 11.8 ab 3.54 ed

ae/ae 15.2 b 4.23 abe 12.3 a 2.78 £

ae/ae o,/0, 14.6 bed 4.39 a 10.9 bede  4.10 a

wx/wx 14.7 bed 3.93 de 11.5 abed 2.25 h

35/35192[92 14.4 bed 4.23 abce 10.3 e 3.77 be

sU,/su, 15.1 be 4.09 cd 11.8 ab 2.54 g

ggz/ggzgz[gz 14.2 cd 4.31 ab 10.6 cde 4.03 ab

+ Means of six hybrids and three replications.

‘++ Means of six hybrids and two replications.
* Means within a column followed by a common letter do not differ signi~
ficantly at the one percent level of significance as determined by

Duncan's Multiple Range Tests.
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Dr. Fuwa, who spent some time in our laboratory, we have conducted
further studies on the in vitro susceptibility of starch granules
of the several endosperm mutant and combinations with o, in the
Oh43 inbred to the action of fungal gluco-amylase, pancreatin, and
bacterial d-amylase. We followed the method of Fukui, et al., 1964
(J. Agr. Chem. Soc., Japan 38:262), with slight modification. The
contents of the solublized carbohydrates were determined by the
phenol-sulfuric acid method (Dubois et al. 1956. Anal. Chem. 28:
350).

Starch granules of the ae and ae o, genotypes were very
resistant to the actlion of amylases than those of normal. Starch
granules of 8y, and Bu,0, were digested by amylases very much
faster than those of the normal counterpart. In general, the
double mutant combinations with opaque-2 were digested by the
amylases very similar to their respective single nonopaque mutant
in the combination. The extreme differences in susceptibility of
the starch granule to the action of the amylases disappeared when
the starches were gelatinized with alkali.

Biological value of several single endosperm mutants and their

double combinations with opaque~2 in hybrid backgrounds

Opaque-2, wx, WX 09, SU,; BUy0,, and thelr normal counterpart
in the Oh43 x B37 and B37 x Cl103 single-cross hybrids plus casein

as a control have been fed to weanling rats to compare their

‘blological performance. Whole ground grain was fed in an isonitro-

genous-igocaloric diet with mineral and vitamin supplement. Ten

male rats were used in each group and fed for a duration of 28 days.

The WX 0, and 18,0, hybride gave an excellent response in comparison
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to the normal and (D) hybrids. The 8u, hybrids gave better gains
than normal but were not as good as 9, while the wx hybrids did
not give as good of gains as the normal counterpart hybrids. The
results suggest that the change in the starch composition and
vitreousness of the kernels in the Bu,0, mutant combination has not
affected the biological value of this high lysine grain.

Additional feeding tests in different animal species of the
8u,, 8u,0,, wx, WX 255 95, and their normal counterpart hybrids

are underway.

Selection for higher protein content in sugary-2/opaque-2 and waxy/

opaque-2 double mutant combinations

The 8,0, and wx o, double mutant genotypes have been croseed
with at least two agronomically desirable selections of opaque=2,
high protein line recoveries in each of the Oh43, Bl4, and B37
backgrounds. These higher protein recoveries were derived from
crosses to the Illinois High Protein material and selecting for
protein content and agronomic type. Selection will continue for
Protein quality and content, seed quality (vitreousness), and size
within the 84,0, and ¥x o, double mutant recoveries.

Selection for protein cdntent in multialeurone sugarx-Z/ogague-Z

and waxy/ovpaque-2 double mutant combinations

A few initiatory crosses involving 8Y,0, and wx 9, double

" putant combinations by multialeurone layer stocks (obtained from

M.S. Zuber, Mo.) were made in the 1972 summer and 1972-73 winter
nurseries. Selection will be made to increase the proportion of
aleurone tissue relative to the starchy portion of the endosperm

in an additional effort to improve the protein nutritional quality.



39

8. Characterization of endosperm protein bodies and matrix in several

single endosperm mutants and their double combinations with opaque-2

(Part of Mr. P. S. Baenziger's M.S. thesis program) Prelimi-
nary evaluation of the nature of the protein body development using
interference contrast microscopy (Nomarski system) has shown that
endosperm mutants high in lysine have greatly reduced protein
bodies both in size and number. The endosperm mutants with low
levels of lysine tend to have large protein bodies and are more
numerous. Opaque-2 kernels from inbred lines unselected for modi-
fied vitreous opaque types but which had small patches of vitreous
starch in the endosperm, and modified opaque-2 kernele with nearly
all vitreous endosperm were examined. There appeared to be a
strong correlation in the endosperm vitreousness fraction and the
development of more numerous and larger protein bodies.

9. Sodium dodecyl sulfate polyacrylamide gel electrophoresis of proteins

from developing normal, opaque-2, brittle-2 and brittle-2 opaque=-2

endosperms

Dr. John Snyder, postdoctorate, initiated a study to compare
protein development in normal, protein-modified (opaque-2) and
carbohydrate modified (brittle~2) malze endosperms. C103, B37,
W64A, and Oh43 normal inbred lines and Oh4Z opaque-2, brittle-2,
and brittle-2 opaque~2 near-isogenic lines were used as sources of
endosperm material. The four Oh43 genotypes provided material for
comparing effects of the endosperm mutant genes. The four normal
inbreds provided material for comparison of different "normal"
genotypic backgrounds. Representative ears were harvested at

7-day intervals beginning 14 days after pollination and concluding
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at 42 days after pollination. This developmental period includes
the maximum rates of carbohydrate and protein synthesis in the
endosperm. The 1971-72 Annual Report presented evidence that some
carbohydruate-modifying mutations, such as brittle-2, also affect
lysine levels in endosperm tissue (p. 35).

Endosperm proteins were fractionated on the basis of molecular
welght by sodium dodecyl sulfate (SDS) polyacrylamide gel electro-
phoresis. SDS was also used for extraction of immature endosperm
proteins. This detergent denatures the endosperm proteins, aids
inhibition of hydrolytic enzyme activity, and providas single~step
extraction of classical protein fractioms~-{.e., albumins, globulinms,
seing and glutelins. Attempts to identify the subcellular source(s)
of protein fractions obtained by SDS~-polyacrylamide gel electro-
phoresis have been initiated.

Thirty-one bands or protein fractions were obtained from Oh43
normal endosperms at 21 days' post-pollination. This genotype and
maturity was selected as a standard for all comparisons. All geno-
types gave similar banding patterns at 14 days. The banding
patterns at 14 and 21 days differed in both the mobilities and
relative concentrations of bands. At 2l1-days banding patterns of
the four normal genotypes were similar except for relative concen-
trations of the two zein bands. Among the four Oh43 genotypes at
21 days obvious differences were observed in concentrations of the
two zein bands and one high molecular weight band. The high
molecular weight band 1s more concentrated in 9, extracts than
normal and absent from bt, and kt,o, extracts. The nature of this

band is presently unknown. Banding patterns from later maturities
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were similar to respective 21-day patterns except for changes in
relative concentrations of bands. In general, both developmental
and genotypic differences were observed.

The zein fraction of maize endosperm protein is separated
into two distinct bands of approximately 22,000 and 25,000 MW.
These bands have been identified as zein proteins by two different
procedures: (1) The two bands are absent fromlhgzgz endosperm
extracts and reduced in o, and bt, endosperm extracts compared to
normal (see also Annuai Report, 1971~72, p. 36-37), and (2) when
protein bodies--i.e., the "organelles" in which zein is accumulated--
were isolated from Oh43 normal endosperms (21-days) and subse~
quently subjected to electrophoresis, most of the protein migrated
as two bands that corresponded to the two bands missing from
22292 extracts.

This initial study provides a possible basis for identi-
fication of subcellular sources--e.g., ribosomes, membranes,
enzymes, etc.-- of other protein bands, ldentification of protein
bands that have high basic amino acid content, and survey of
different endosperm mutants, inbrad lines, or populations of maize
for increased levels of lysine~-rich proteins and normal zein con-
tent. In this regard preliminary experiments indicate that "micro-
somal" proteins-- ribosomes, associated proteins, and membranes--
can be isolated, and after electrophoresis compared to the banding
patterns of total protein extracts. Also acld orange-12, a dye
which complexes specifically with the basic amino acids lysine,
histidine, and arginine, has been used to stain proteins from
both total protein and microsomal extracts. Additional work will be

required to determine the significance of these two observations.
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Effect of the opaque-2 gene and outcrossing on characteristics of

the kernel, cob, protein, and lysine

In the last annual report (pp. 31-33) the influence of several
mutant genes on kernel and cob weights was reported. It was found
that the opaque-2 gene reduced kernel weight in the three hybrids
used, but its effect on their cob weight varied with hybrids.

A further study of the effect of the opaque-2 gene on cob and
kernel characteristics was conducted in 1972 on opaque-2 and
normal versions in six hybrid backgrounds: "A619 x B37", "Bl4 x
C123", "R177 x B37", "A632 x A619", "C123 x B37", and "R177 x C123".
These were grown in a split plot design with the following poll-
inating applied in subplots: (1) normal sibbed, (2) opaque-2 sibbed,
and (3) opaque-2 outcrossed to their normal counterpart (opaque-2
outcrossed) .

Means for kernel characters are presented in Table 18. The
average kernel yleld of opaque-2 hybrids was significantly less
than normal. 'Opaque-2 outcrossed" yielded more than the "opaque-2
sibbed" but less than the '"normal sibbed". A similar result was
found for 100-kernel weight as for kernel yield per ear. All
treatments behaved similarly for percent protein. "Opaque-2 sibbed"
was significantly higher than "opaque-2 outcrossed" and "normal
sibbed" for lysine as percent of protein and as percent of sample
and weight of lysine per ear. '"Opaque-2 outcrossed” and "normal
sibbed" did not differ for these characters. The difference in
cob weight between normal and opaque-2 versions depended on genetic
background. Three of the hybrids with inbred line C123 as a common

parent did not show any difference with respect to cob weight



Table 18. Means for several kernmel characters for the op

three pollinating treatment.

aque-2 and normal versions of six hybrids with

Kernel
Pollinating Endosperm Yield 100-Kernel Protein Lysine Protein Lysine
Treatments Genotype wt/ear Weight % of Prot % of Sample wt/ear wt/ear
g g % % % g g
Normal Sibbed F+/+ 236.3 a* 33.1 a 11.72 a 2.62 b .306 b 27.60a  .723 b
Opague-2
Cuterossed 9,0,/+ 227.8 b 32.1 b 12.00 & 2.61 b 312 b 27.61 a .715 b
Opaque=-2
Sibbed 929_2/22 200.1 c 28.1 ¢ 11.86 a 3.99 a A73 a 24.56 b 977 a

+ Mean within a column followed by the same letter or letters do not differ

probability (Student Newman - Keuls' Test).

significantly at .05 level of

£y
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(Table 19). With hybrids "A619 x B37" and "R177 x B37", the cob
weight of "normal sibbed" was significantly heavier than "opaque-2
outcrossed" and "opaque-2 sibbed".

Effects of the opaque-2 gene on kernel and codb development

Previous annual reports have presented results of comparisons
of normal and opaque-2 versions of standard hybrids that indicated
the opaque-2 gene reduced kernel yield and in some cases cob
weight. It was also reported that the rate of dry matter accumu-
lation by opaque-2 hybrids decreased significantly beginning 30 to
40 days after pollination and nearly ceased 7 to 10 days earlier
than normal counterparts; yet black layer formation at the tip of
the kernel, an indicator of physiological maturity, occurred at
the same time. Development during the first 3 to 4 weeks after
pollination wae not investigated in these earlier studies.

With the above conslderations ..n mind additional studies
of kernel and cob development were made. One phase was to examine
kernel and cob development in the opaque-2 and normal versions of
four singlecross hybrids: (1) W64A x B37; (2) B37 x A239; (3) A239
x A545; and (4) B37 x C123. Sampling was done at 5-day intervals
from 10 to 55 days after pollination. Kernel and cob weights and
ear moisture were taken. Mean values expressed on a per ear
basis are given in Table 20. Kernel weight values are plotted
in Figure 1. The rate of dry matter accumulation in the opaque-2
decreased 30 to 40 days after pollination compared with the
normal versions. Kernel weight of the opaque-2 at the last
harvest was less than the normal. The magnitude of difference

varied with hybrids. At 55 days kernel weight of the opaque-2



Table 19 . Cob weights for six hybrids with three
pollinating treatments.

Pollinating Treatments

Normal Opaque Out=- Opaque=2
T
g g g
A619 x B37  50.5 &' 4.5 b 42,5 b
Bl x €123 U43.5a 46.5 & 46.3 a
R177 x B37  54.0 e 48.8 b 46,5 b
A632 x A619 40,0 a 41.0 a 42,0 a
Cl23 x B37 53.3 & 53.8 & 53.8 a
R177 x €123 L2.8 a Lk,0 8 41,5 &
Mean h7.3 L6k 45.k

* Means within the same line followed by the same

letter or letters do not differ significantly at
the .05 level of probability (Student Newman-
Keuls' Test).
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Table 20 , Mean kernel and cob weight per plant and ear moisture of normal and
opaque-2 versions of four hybrids harvested at 5-day intervals 10-55 days post-

pollination,

Days Post- Kernel Weight Cob Weight Ear Moisture
Pollination Normal (Opaque-2 Normal Opaque-2 Normal Opaque~2
g g %

10 6 5 21 23 86 84
15 1k 15 30 30 82 80
20 39 ko 34 33 h 4
25 80 77 37 36 6k 6
30 120 115 41 39 57 56
35 153 138 Lo Lo ) 51
4o 169 155 ho 39 45 b7
L5 192 168 Lo Lo Lo N
50 20k 175 Ly Lo 38 b1

55 211 176 Ly Lo 35 38
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and Normal Versionsg Averaged Over Four Hybrids
(Group 1I1).
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hybrids averaged 84 percent of normal with the range of 79 percent
for B37 x A239 to 89 percent for B37 x Cl123.

Cob weight of the opaque-2 was less than for normal hybrids;
however, the magnitude of difference depended on genetlc background.
The cob weight of opaque-2 hybrid B37 x Cl23 was only slightly less
at most harvest dates, whereas the opaque-2 version of B37 x A239
was less than normal at all harvest dates (Figure 2). Cob weight
of both opaque-2 and normal hybrids reached a maximum at 35 days
after pollination. This is in agreement with our earlier results
for pollinated ears. However, it 1s of interest to note from a
previous study utilizing three of the same hybrids that maximum
dry matter accumulation in the cobs of unpollinated ears occurred
15 days after silking,

As found in the earlier study, ear moisture was less in the
normal version beginning 35 days after pollination.

With the interest in modified (vitreous endosperm) opaques and
the desirability of developing high yielding opaque-2 hybrids, it
is of interest to know whether opaque hybrids of these types have
dry matter accumulation patterns that differ from hybrids made from
converted standard inbred lines. It is also of interest to know
how their rates vary from normal versions. With these thoughts in
mind ears from two experimental modified opaque-2 hybrids (E-1
and E-2) and two experimental high-yielding opaque~2 hybrids (E-3
and E-4) were harvested at 5-day intervals 25 to 55 days after polli-
nation. Because no normal counterparts existed for these hybrids,
comparisons were made between sib pollinated ears and those outcrossed

to a normal pollen source.
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Normal Version of B37 x A239 (Group I).
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Cob weights differed little between the sibbed and outcrossed
of either type. There was also little difference in kernel weight
between sibbed and outcrossed (Table 21). Ear moisture was
2 percent higher in the sibbed modified and 2 to 4 percent higher
in the high-yielding at all harvest dates. Kernel dry matter
accumulation curves for modified opaque-2 hybrid E-2, sibbed and
outcrossed to normal, are shown in Figure 3, and for high-yield
hybrid E-4 in Figure 4. The high~yielding opaque-2 hybrids were
still accumulating dry matter at an appreciable rate 55 days
after pollination. This 1s in sharp contrast to the converted
hybrids and modified types that ceased dry matter accumulation
well before this stage. This increased period of appreciable
kernel dry matter accumulation could well account for the differ-
ence between hybrids that produce inferior or average ylelds and

those that produce superior yilelds.

Research in Improved Analytilcal Methods

(Published newv methods were monitored, but in our judgment were

not consldered superior to our present methods.)

Central Biochemical Laboratory

1.

2.

Cooperative research with Dr. E. Villegas (CIMMYT)

A cooperative nutritional testing program with several labora-
tories was developed by Dr. Villegas and Dr. Mertz and supervised
by Dr. Mertz. This is reported under Section G.

Basic research on the nature of the proteins in developing and

mature high lyeine types of maize

a. Amino acid patterns of the Landry-Moureaux fractions

Tables 22 to 26 show the complete emino acid patterns

(excluding tryptophan) of the five Landry-Moureaux fractions



Table 21.

Mean kernel weight per plant and ear moisture for two modified and
two high yielding opaque-2 hybrids sibbed and outcrossed to normal harvested at

5-day intervals 25-55 days post-pollination.

51

Modified High-Ylelding
Days Post~ Kernel Weight Ear Moisture Kernel-Weight Ear Moisture
Pollination 8ib  Outc* Sib  Outc* Sib  Oute* Sib  Outc*
% %
25 71 73 62 60 87 86 67 65
30 107 102 55 53 117 128 60 58
3" 129 130 51 47 161 167 55 52
4o 143 149 W7 Ll 181 192 51 4o
45 165 166 nh 41 201 216 L8 Lk
50 173 181 L1 38 219 239 L5 4o
55 190 185 35 33 238 P 42 38

* Outcrossed to normal (+/+) pollen.
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Amino Acid Composition of Fraction I*

Inbred

Genotype

Lysine
Histidine
Arginine
Aspartic Acid
Threonine
Serine
Glutamic Acid
Proline
Glycine
Alanine
Cystine
Valine
Methionine
Isoloucine
Leucine
Tyrosine

Phenylalanine

Table 22

oh43 w22

+ fl2 o, bt2 ozbt + o,
6.3 5.1 5.8 4.3 37 6.1 5,2
3.2 2.4 3.3 2,2 2,2 2.5 2.3
11.7 6.4 11.8 6.1 7.9 10.4 9.9
1.1 9.6 9.2 9.2 7.4 7.9 7.6
5.3 4.9 1.2 3.9 3.5 4.2 3.6
5.8 5.2 4.9 4,7 4.0 4.5 3.9
18.5 14.3 13.8 13.7 9.2 10.9 14.8
6.4 5.1 5.3 7.4 6.3 4.8 4.5
8.2 7.5 7.0 6.9 58 6.4 5.9
8.8 7.7 7.2 8.5 7.7 7.0 5.8
1.6 3.9 0.1 4.2 4,0 0.3 0.1
6.2 6.8 5.3 6.0 4.7 4.7 4.8
2,5 3,0 1.5 1.1 0.8 1.7 1.8
4.6 3,9 4.3 3,5 3,1 3.9 3.4
6.4 4.6 6.1 4.4 4,5 5,4 5.2
4.5 4.2 3.6 4.0 3,6 2.8 3.0
4.2 4.5 3.7 3,5 3,1 2.4 3.1
99.1 97.1 93.6 81.5 85.9 84.9

Total Recovery 115.3

*Amino acid levels as percent of total protein (N X 6.25),

54



Table 23

amino Acid Composition of Fraction II*

Inbred Oh 43 ‘ 22

Gepotype + flz. °, bt2 ozbt2 + o,
Lysine 0.2 0.5 0.2 0,1 0.6 0.1 0.1
Histidine l.6 2.4 1.4 1.0 1.5 1.6 1.7
Arginine 1.9 5.2 1,7 1,6 1.9 1,6 1,6
Aspartic Acid 59 6,8 5.8 6,1 1.5 6.0 5.8
Threonine 3.4 4,2 3.3 3.6 2.3 3.4 3,6
Serine 5.9 6.2 5,7 6,1 2.5 5.9 5,7
Glutamic Acid 32,8 33,3 30,6 31.7 14,3 30,5 30.3
Proline 11,0 11.2 10,5 10.4 7.0 10,9 10.8
Glycine 1.6 1.9 1.8 1.5 3.4 1.5 1.5
Alanine 11,2 11,3 10.4 11,0 3.4 10.4 10.2
Cystine 0.7 0.6 0,2 0.3 0.1 0.1 0.1
valine 4,1 4.9 3.7 4.5 2,2 4,2 4.6
Methionine 2,2 4,0 1.7 1.9 1,2 1.9 2.3
Isoleucine 4.4 4.9 4.7 4,7 1,2 4.4 4.3
Leucine 20.5 20,2 21.1 19.6 5.1 20,3 19.9
Tyrosine 6.1 6,0 5,8 6.0 3.3 5.5 5.4
Phenylalanine 8.0 8,0 8.3 7.9 2,8 7.7 6.9
Total Recovery 121,5 131,6 116,9 118,0 54,3 116.0 114.8

*
Amino acid levels as per cent of total protein (N x 6,25),



Table 24

Amino Acid Composition of Fraction iII*

Inbred Oh43 w22
Genotype + fl2 L) bt2 ozbt2 + o,
Lysine 0.6 0.6 0.5 0.4 0.8 0.5 0.4
Histidine 8.0 0.3 3.3 1.9 3.8 4.8 4,2
Arginine 3.2 3.5 2.4 2,2 2.9 4.8 4.3
Aspartic Acid 3.1 5.2 3.9 4.9 1.6 2.8 3.7
Threonine 4.3 3.5 4.3 3.7 4.4 4.0 4.5
Serine 5.2 6.0 5.5 6.3 5.1 4.8 5.6

Glutamic Acid 25.7 27.0 30.9 31.8 31.2 29.3 31,1

Proline 15.6 12.4 16,2 13.5 15.4 17.1 17.2
Glycine 4.5 2.8 4.2 3,6 6.6 4.7 4.3
Alanine 7.5 9.8 8.4 10.1 6.5 8.2 9.2
'Cystine 0.4 0.3 0.6 0.5 0.6 0.2 0.3
valine 4.7 3.8 5.1 4.0 4.6 5.6 5.0
Methionine 4.3 8.9 6.2 9.2 2.5 5.7 8.0
Isoleucine 2,5 3.3 3.1 3.5 1.1 2,3 2,8
Leucine 13.7 6.1 15,5 17.7 11:0.5 13.9 16.0
Tyrosine 4.5 4.0 4.4 5.3 6.9 4.6 5.1
Phenylalanine 4,5 6.8 5.8 6.4 6.2 4.2 5.1

Total Recovery 112.3 114.3 120.3 125.0 110.7 117.5 126.8

*Amino acid levels as per cent of total protein (N x 6,25).



Table 25

Amino Acid Composition of Fraction IV*

Inbred oh 43 W22

Genotype + fl2 o, bt2 ozbt2 + o,
Lysine 1.8 1.8 2,9 1,7 1.7 1.4 2,2
Histidine 8,2 8.0 7.6 8.4 8.9 9.6 9.0
Arginine 3.0 3.3 5.7 4,0 6.2 3.3 3.4
Aspartic Acid 2,7 3.3 4.0 2,6 2,6 2.2 2.3
Threonine 3.3 3.9 3.9 4,8 4,3 5.2 3.7
Serine 3.7 4,4 4,2 4,0 3.6 3.6 3.5
Glutamic Acid 25,1 30.0 22,6 25,0 21,6 23,7 26,3
Proline 13,7 14.5 13,9 16.8 17.3 17.4 16,3
Glycine 4,2 4,1 5.0 5.5 5.0 4.1 4,3
Alanine 4,1 3.8 4.4 4,2 4,5 3.9 4,0
Cystine 0.1 0.1 0,1 0.1 0.1 0.0 0.1
valine 5.2 5.2 5,8 6.0 6,5 6,0 5.8
Methionine 1.4 1.5 1.5 1.1 1.0 1.1 1.4
Isoleucine 2.4 2.4 2.8 2.5 2,5 2,3 2.4
Leucine - 7.9 7.1 8.4 8.6 9.1 8.3 8.3
Tyrosine 2,2 2,7 1.8 1.6 2.1 1,5 1.5
Phenylalanine 2,5 2,3 2.6 2,2 2.5 1.9 1.8

Total Recovery

*
Amino acid levels as per cent of total protein (N x 6,25).



Table 26

Amino Acid Composition of Fraction v*

Inbred
Genotype
Lysine
Histidine
Arginine

Aspartic Acid
Threonine
Serine
Glutamic Acid
Proline
Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

Total Recovery

oh43 w22

+ fl2 °, bt2 ozbt2 + °,

6.4 5.7 6.7 7.0 6.9 7.0 6.8

3.6 2.8 4.8 3,9 3.7 3.8 3.3

7.1 6.5 9.6 11.0 7.6 7.0 7.6

9.4 11.2 10,7 8.9 10.0 8.8 9.3

5.2 5.4 5.7 4.6 5.6 4.2 5.2

4.8 5.8 54 4,9 5.5 3.5 4.8

15,2 19.5 15.7 17.1 15.5 13,0 14.4
5.3 6.2 5.6 6.7 6.4 5.3 5.4

5.1 5.6 5.5 5.4 58 5.0 4.9

7.0 8.0 7.3 6.8 7.2 6.8 6.4

0.2 0.1 0.0 0.8 0.1 0.5 0.0

7.0 7.4 7.4 7.2 7.7 1.1 6.8

2.4 3.1 3.2 2.4 2.4 4.0 2.4

5.0 5.1 5.5 4.9 5.2 4.9 4.9

10.1 10.4 10.4 10.1 10.1 9.4 9.1
2.4 5.3 3,9 4.9 4.4 2.7 2.9

5.6 6.1 5.9 5.6 58 5.2 5,2

114.2 113.3 112,2 109.9 98,3 99.4

10l1.8

*Amino acid levels as percent of total protein (N x 6.25),
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of normal endosperms and of the mutants opaque-2, floury-2,
brittle-2, brittle-2/opaque-2, and opaque-7. Representative
tests indicate that the tryptophan levels rise and fall with

the lysine levels. These data show that the albumin-globulin
fraction (Fraction I) and the true glutelin fraction (Fraction V)
are high in lysine. Table 27 shows the ranges obtained
(Fraction I: 4.3-6.3% lysine, Fraction V: 5.7-7.0% lysine).
Since these two fractions predominate in high lysine mutants
(see pp. 36 and 37 of 1971-72 report), this accounts for the
higher lysine content compared with the normal counterparts.

Zein formation in developing maize endosperms

Fraction II of the Landry-Moureaux fractionation scheme
contains the true zein fraction of the maize endosperm.
Figures 5 to 9 show the changes in the five Landry-Moureaux
fractions 14 to 49 days postpollination in Ohio 43, and in the
near-isogenic opaque~2, brittle-2, and brittle-2/opaque-2
mutants. The most outstanding finding is in Figure 6 where
there 18 no evidence for zein formation in the double mutant
brittle~2/opaque-2 at any time during development. Figure 5
shows that albumin and globulin formation occur at a faster
rate and with slower fall-off in the double mutant, with the
single mutants intermediate between the double mutant and the
normal counterpart.

Figure 9 shows an unusually slow buildup of glutelin in
the doublé mutant, but the level does not reach a plateau as

it does in the single mutants and in the normal counterpart.



Ranges in Amino Acid Content* of Fractions I-v

Fraction I IT** IIT v v
Lysine 4.3 - 6.3 0.1 - 0.5 0.4- 0.8 1l.4- 2.9 5,7 - 7.0
Histidine 2,.2- 3.3 1.0~ 2.4 0.3- 2.0 7.6- 9.6 2.8- 4.8
Arginine 6.1 -11.8 1.6 - 5,2 2,2- 4.8 3.0- 6.2 6.5 -11.0
Aspartic Acid 7.4 -1.1 5.8- 6.8 1.6 - 5.2 2,2- 4.0 8.8 - 11.2
Threonine 35- 5.3 3.3~ 4,2 35~ 4.5 3.3- 5.2 4.2 - 5.7
Serine i 3.9 - 5.8 5.7- 6.2 4,8 - 6.3 3.5- 4.4 3.5 - 5.8
Glutamic Acid 9.2 - 18.5 30.3 - 33,3 25,7 - 31.8 21.6 - 30,0 13.0 - 19.5
Proline 4.5 - 7.4 10.4 -11.2 12.4 -17.2 13,7 -17.4 5.3 - 6.7
Glycine 5.8 - 8.2 15~ 1.9 2.8- 6.6 4,1 - 5.5 4.9 - 5.8
Alanine 5.8 - 8.8 10.2 -11.3 7.5 -10.1 3.8- 4.5 6.4 - 8.0
Cystine 0.1 - 4.2 0.1 - 0.7 0.2- 0.6 0.0- 0.1 0.0 - 0.8
Valine 4.7 - 6.8 3,7~ 4.9 3.8- 56 5.2- 6.5 6.8 - 7.7
Methionine 0.8- 3.0 1.7- 40 2,5- 9.2 10- 1.5 2.4 - 4.0
Isoleucine 3.1 - 46 4.3- 4.9 1.1 - 3.5 2.3- 2,8 4.9 - 5.5
Leucine 4.4 - 6.4 19.6 - 21,1 10.5 - 17.7 7.1 - 9.1 9.1 - 10.4
Tyrosine 2.8- 45 5.4- 6.1 40 - 6.9 1.5- 2.7 2.7 - 5.3
Phenylalanine 2.4 - 4.5 6.9 - 8.3 4.2 - 6.8 1.8 - 2.6 5.2 - 6.1

*Based on data in Tables 5-9.
(N X 6.25).

**ozbtz nct included.

Amino acid

levels as percent of total protein

09
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G. Protein Nutritive Value 66

1. Cooperative feeding tests

The Purdue maize research team and the maize research team
at CIMMYT recommended in their annual planning session early in
1972 that a group of representative maize, wheat, triticale, and
sorghum samples be sent to cooperating universities and tested
for protein efficiency response in several species of small labora-
tory animals. The group at CIMMYT was to supply both the hard and
soft endosperm types of opaque-2 maize and representative samples
of wheat and triticales. The group at Purdue was to supply
floury-2 maize and sorghum. The samples were to be prepared in
a standard fashion and distributed among the cooperating labora-
tories. It was agreed that the same cereal samples and a reference
casein would be fed to young weanling rats (Purdue), weanling voles
(CIMMYT and Pennsylvania State University), weanling mice (Univer-
sity of Nebraska), and the chick (Washington State University).

Dr. Mertz served as coordinator of the project.

The cooperative samples provided by CIMMYT and Purdue are
described in Table 28. The ten CIMMYT cereal samples and the five
Purdue cereal samples were ground in burr mills at CIMMYT and
Purdue, respectively, and analyzed in duplicate by the State
Chemist Laboratories at Purdue. The samples were analyzed for
total nitrogen, moisture, fat, fiber, and ash. The results of
these analyses are shown in Table 29. The moisture content of
these samples ranged from a low of 4.8 percent in the casein to
a high of 8.9 percent in sample CM~4854. Total protein ranged
from a low of 9.3 percent in OH43 x Blé4 (212) to a high of 91.0
percent in the ANRC casein. Fat ranged from a low of 0 percent in

the casein to a high of 4.6 percent in sample CM-4855, fiber
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Table 28

Identification of Cooperative Cereal Samples

Sample No. Identification
4854 CIMMYT Veracruz 18l-Antiqua

Gpo 2x Venezuela 1 ~ Normal Maize
4855 CIMMYT Veracruz 18l-Antiqua

Gpo 2x Venezuela 1 - Opaque-2 Maize (Hard)
4856 CIMMYT Veracruz 181-Antiqua

Gpo 2x Venezuela 1 - Opaque-2 Maize (Soft)
4857 CIMMYT Tuxpeno - Opaquz-2 Maize (Soft)
4858 CIMMYT Tuxpeno - Normal Maize (Hard)
4859 CIMMYT 7-Cerros-Whesat
4860 CIMMYT Inia-Wheat
4861 CIMMYT PM-132-Triticale
4862 CIMMYT PM-2-Triticale
4863 CIMMYT PM-15-Triticale
Oh43xB14 (+) Purdue - Single cross normal maize
0h43xBl4(§l2) Purdue ~ Near isogenic floury-2

version of Oh 43 x Bl4

IS 8165 Purdue - pigmented sorghum
Ie 2319 Purdue - low pigment sorghum
$-0250421 Purdue - low pigment sorghum
ANRC-casein Purdue - Animal Nutrition Research Council

Reference Casein*

%Sheffield Chemical Co., 2400 Morris Ave. Union, N. J. 07083



Table 29

proximate analysis of CIMMYT and Purdue Cereals*

Total

Sample N Protein#+ Moisture Fat Fiber Ash
CM-4854 1.62 10.1 8.9 3.7 2.3 0.8
CM-4855 1.62 10.1 8.5 4.6 2.2 1.5
Cn-4856 1.50 9.4 8.7 4,2 2.3 1.4
CM-4857 1.55 9.7 8.0 4.4 2.5 1.8
CM-4858 1.54 9.6 7.9 4,2 2.3 1.4
0h43XB14 (+) 1.52 9.5 8.5 4,1 2.5 1.1
0h43x014(£lz) 1.49 9.3 8.5 4.2 2.4 1.7
CW-4859 1.95 11.1 5.9 1.5 2.9 1.6
CW-4860 1.98 11.3 6.7 1.4 2.6 1.3
CT-4861 2,56 14.6 6.4 1.6 2.6 1.9
CT-4862 2,60 14.8 7.3 1.9 2.7 2.3
CT-4863 2.74 15.6 5.9 1.6 2.5 2.3
15-8165 1.57 9.8 8.5 2.7 2.5 1.8
15-2319 1.87 11.7 6.7 4.3 2.0 1.7
5-0250421 1.86 11.6 6.4 3.0 2.3 2.3
ANRC-Casein 14,6 91.0 4.8 - - 2.3

#*State Chemist Laboratories, Purdue

**Maize, sorghum and casein: N x 6.25; wheat and triticales; N x 5.7.
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ranged from O percent in the casein to a high of 2.9 percent in
sample CW-4859, and ash varied from a low of 0.8 percent in sample
CM-4854 to a high of 2.3 percent in casein, two triticale samples,
and one of the sorghum samples.

On the basis of these analyses it was decided to set the
total fat content of the diet at 5 percent, the total mineral plus
ash content at 5 percent, to make no corrections for moisture, and
to adjust the fiber content to a range of 2.0 to 2.9 percent. With
the above parameters fixed the floury-2 sample established the
maximum protein level at which all samples could be fed. This
level was 8.8 percent protein, slightly below the 10 percent pro-
tein level usually used in protein efficiency (PER) determinations.
Table 30 shows the composition of the diets used in the feeding
tests on the rat and the mouse.

Table 31 shows the amino acid values obtained at Purdue on the
cooperative maize samples and the ANRC casein used in these studies.
The values in Table 31 are in good agreement with the values ob-
tained by Dr. Villegas at CIMMYT on the same samples (CIMMYT data
not shown). The floury-2 sample contained only 11 percent more
lysine than its normal counterpart. The levels of lysine in the
hard and soft endosperm of CM-4855 and CM-4856 did not differ
significantly in lysine content. The tryptophan levels of the
normal selections ranged from 0.5 to 0.7 percent, the floury-2
selection contained 0.7 percent and the opaque-2 selections varied
from 0.9 to 1.0 percent. The casein carried an unusually high
level of lysine (8.6 percent) and a high level of tryptophan (1.4

percent). It is also interesting to note the substantial drop in



Table 30
Proposed Diets Containing 8.8% Protein

Per Cent Per Cent Per Cent Per Cent Per Cent
sample No. Sample  Cottonsced 0il Mineral Mix** Vitamin Mix*#** Corn Starch

*1-4154 87.0 1.8 4.3 1.0 5.9
CH-1155 87.0 1.0 3.7 1.0 7.3
CH=4056 93.5 1.1 3.7 1.0 0.7
CM-1457 90.8 1.0 3.4 1.0 3.8
CM-4858 91.7 1.2 3.7 1.0 2.4
OhA3 (+) 92.5 1.2 4.0 1.0 1.3
0h43(f12) 94.6 1.0 3.4 1.0 0.0
CwW-4859 79.3 3.8 3.7 1.0 12,2
CW-4860 77.8 3.9 4.0 1.0 13.3
CT-4861* 60,2 4.0 3.9 1.0 30.4
CT-4862* 59.4 3.9 3.6 1.0 31.6
CT-4863* 56.4 4.1 3.7 1.0 34,3
15-8165 90.0 2.6 3.4 1.0 3.5
15-2319+ 75.2 1.8 3.7 1.0 17.8
5-025042]1+* 75.8 2,7 3.3 1.0 16.7
ANRC Casein* 9.7 5.0 4.8 1.0 77.5

*Add 2 percent cellulose (Cellu Flour or equivalent) for casein and 0.5% for
starred (*) triticales and sorghum samples.

* *Hawk-Oser Salt Mixture Number 3, Nutritional Biochemicals Corp., Cleveland,
Ohio.

**#yitamin Fortification Mixture for the rat, Catalog No. 40060, General
Biochemicals Corp., Chagrin Falls, Ohio.
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the level of leucine as one goes from the normal maize selections
to the opaque-2 selections. The range of protein in the maize
selections varied from 10.1 to 11.0 percent.

In Table 31 are shown the amino acid levels in the coopera-
tive sorghum, wheat, and triticale samples. Sorghum sample I5-8165
is a highly pigmented variety, with a lysine only slightly lower
than that observed for the other two sorghum selections. The
tryptophan values shown for sorghum were obtained with a colori-
metric method. The values are uniformly low. Using another method
which involves hydrolysis and ion exchange analysis, we have
demonstrated that most sorghums run above 1 percent in tryptophan
so that this is not a limiting amino acid in sorghum protein.

Table 31 shows that the lysine values are slightly higher in the
triticale samples than in the wheat samples, and that tryptophan

is quite high in wheat and at a satisfactory level in triticales.
It should be noted that the leucine is low and the leucine to
isoleucine ratio low and favorable in wheat and triticales. This
is in sharp contrast to the ratio of leucine to isoleucine in
sorghum (approximately 3 to 1). It is believed that the high level
of leucine in sorghum is responsible for the high incidence of
pellagra in certain parts of India where sorghum supplies the major
part of the protein intake. The protein level in these samples
varied from a low of 10.3 percent in sorghum IS 8165 to a high of
15.7 percent in triticale PM-15. In the feeding tests, however,
the protein was adjusted in all cases to 8.8 percent of the total

diet (see Table 30).
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Table 31
Amino Acid Composition of Cooperative Maize Samples*

4854 Oh43xBl4 4858 Oh43xBl14 4855 4856 4857 ANRC
Normal _Normal Normal Floury-2 Op-2(Hard) Op-2(Soft)0p-2(Suft) Casein

Lysine 2.6 3.0 2.7 3.4 4.5 4.4 4.7 8.6
Tryptophan** (0,6 0.7 0.5 0.7 0.9 1.0 1.0 1.4
Isoleucine 3.5 3.6 3.5 3.7 3.5 3.5 " 3.5 5.2
Leucine 12.7 12.8 13.2 12.3 9.1 8.7 8.6 9.7
Cystine 1.6 1.9 1.6 1.4 2.2 1.9 2.1 0.1
Methionine 2.0 2.7 2.1 2.7 1.7 1.8 1.9 3.0
Histidine 3.1 2.9 3.1 2.9 3.7 3.6 3.6 3.0
Arginine 4.8 5.1 4.8 5.5 6.3 6.7 7.3 4.0
Tyrosine 4.3 4.5 4.4 4.4 3.7 3.7 3.9 5.7
Phenylalunine 4.8 5.1 5.0 5.2 5.2 4.1 4.3 5.3
Threonine 3.3 3.4 3.4 3.5 3.6 3.7 3.9 4.2
Valine 4.7 4.7 4.9 5.0 5.4 5.3 5.4 6.7
Aspartic Acid 5.8 6.5 6.2 6.9 8.7 8.9 9.9 7.2
Glutamic Acid 22.5 22.6 23.1 22.1 19.8 19,2 20.3 27.1
Proline 8.9 8.7 9.0 8.5 8.4 8.1 8.0 11.3
Alanine 7.3 7.5 7.7 7.7 6.0 5.9 6.4 3.1
Serine 4.6 4.8 4.6 4.9 v 4.3 4.5 4.6 5.7
Glycine 3.5 3.7 3.6 4.0 4.6 4.6 4.9 1.9
%4 Protein 11.0 10.2 10.5 10.4 10.9 10.7 10.1 88.1

* Grams per 100 gm protein (defatted samples)
** Colorimetric method (CIMMYT Bull. # 20). All others, ion exchange.



73

Table 31 (Continued)
Amino Acid Composition of Cooperative Sorghum Wheat and Triticales Samples*

Sorghum Sorghum Sorghum Wheat Wheat Tritic. Tritic.Tritic. ANRC
(IS-8165) (025042-1) (1S-2319)(7 Cerras) (Inia) (PM-2) (PM-15)(PM-132)Casein

Lysine 2.3 2.5 2.5 3.1 3.1 3.4 3.4 3.5 8.6
Tryptophan (0.3)%%  (0.6) (0.5) 1.7 1.8 1.1 1.1 1.2 1.4
Isoleucine 4.2 4.7 4.3 3.8 3.9 3.9 3.7 3.8 5.2
Leucine 13.7 15.0 13.9 7.2 7.2 7.2 6.8 6.8 9.7
Cystine 1.0 1.6 1.0 2.0 2.2 1.8 2.0 1.5 0.3
Methionine 1.8 2.1 1.6 1.8 1.9 1.9 1.9 1.6 3.0
Histidine 2.1 2.5 2.1 2.5 2.6 2.6 2.4 2.5 3.0
Arginine 4.1 4.3 4.1 5.8 5.6 6.1 6.4 6.3 4.0
Tyrosine 4.4 5.1 4.9 3.6 3.7 3.4 3.3 3.2 5.7
Phenylalanine 5.3 6.1 5.5 4.8 4.9 5.0 4.9 4.8 5.3
Threonine 3.2 3.7 3.3 3.1 3.2 3.2 3.0 3.0 4.2
Valine 5.1 5.9 5.5 4.7 4.8 4.9 4.6 4.6 6.7
Aspartic Acid 7.3 7.4 7.5 5.5 5.6 6.5 6.3 6.3 7.2
Glutamin Acid 25.6 27.4 25.7 36.0 37.0 33.4 32.4 31.9 27.1
Proline 7.9 9.1 8.0 9.9 10.0 9.9 10.0 9.8 11.3
Alanine 9.9 10.3 9.7 3.9 3.9 4.2 4.0 4.0 3.1
Serine 4.4 4.9 4.3 5.0 4.9 4.6 4.5 4.4 5.7
Glycine 3.0 3.6 3.1 4,6 4.6 4.5 4.3 4.2 1.9
% Protein 10.3 12.2 12.7 11.0 11.5 14.9 15.7 14.8 88.1

*Grams per 100 gm protein (defatted samples)

*%Colorimetric method (CIMMYT Bull. # 20). All others ion exchange.
Tryptophan values for sorghum are too low. Ion exchange values
obtained on other Purdue sorghum samples indicate that the tryptophan
levels are above 17.
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Rat feeding tests

Table 32 summarizes the results obtained at Purdue when the
collaborative malze samples were fed for 28 days. In these studies
10 male weanling rats were used for each cereal. The rats were
housed in individual wire mesh cages and supplied with feed and
water ad libitum. Special feed cups were used which minimized the
scattering of food and permitted accurate recording of the feed
consumed. It can be seen from Table 32 that there were no signif{-
cant differences in average weight gained between the three normal
maize samples and the floury-2 sample (25.8 to 36.9 grams). Also
no significant differences were observed in the average weight
gained between the three opaque-2 maize samples and the casein
control, (82.7 to 87.1 grams) and the gains in weight of these last
4 groups were significantly higher at the 1 percent level than the
gains in weight of the first 4 groups. The three normal maize
diets and the floury-2 diet gave protein efficiency ratios which
were not significantly different at the 1 percent level (1.59 to
1.83). The three opaque-2 maize diets also gave protein efficiency
ratios which were not significantly different at the 1 percent
level (2.83 to 2.90). However, the latter three gave significantly
higher PER values than the three normal maize diets and the floury-2
maize diet. There was also a significant difference in the PER
value between the three opaque-2 maize diets and the casein control.
The opaque-2 maize diets gave an average PER that was 87 percent
of the PER value (3.34) obtained with ANRC casein.

Table 33 summarizes the weight gains and protein efficlency
ratio values obtained on the cooperative sorghum, wheat, and triti-

cales samples. This was a separate feeding test for 28 days using



Table 32

PER Values of Cooperative Maize Samplesl’z

4854 Oh43xBl4 4858 Oh43xB14 4855 4856 4857 REC

Noxrmal Normal Normal Floury-2 Op-2 (Hard) Op-2(Soft) Op-2(Soft) cCasein
Average 49.6 49.6 49.6 49.5 49,6 49.5 49.6 49.5
Initial Weight (g) .
Average Weight 25.8P 3..a°  32.6° 36, 9° 82.7% 87.1% 84,42 85.12
Gained (q)
Average Total a
Feed Consumed (g) 183, 7 206.1°  214.5° 227.3° 333,52 340. 2% 336.0 290. 2P
Protein Efficiency b b
zatio 1.59° 1.71° 1.72° 1.83° 2.83° 2.90 2.84 3.342

1. Data obtained by R. Jambunathan and E. T. Mertz, with the technical assistance of Mrs. L. Tanchoco, pept. of

Biochemistry, Purdue University, Lafayette, Indiana 47907, Duration of experiment: 28 days, Ten male rats in
each group,

2. Values with the same superscript are not significantly different from each other at the 1% level,



Table 33

PER Values of Coopcrative Sorghum, Whecat and Triticale Sar:plesl"2

Sorghum  Sorghum Sorghum  Wheat Wheat Triticale Triticale Triticale &a'=C
(IS-8165) (025042-1) (IS-2319) (7 Cerros) (INLA) (P:4=2) (PM=15) (PM-132) Casein.
Average
Initial Weight (g) 50.6 50.6 50.6 50. 6 50.5 50.5 50.6 50.4 50. 6
Average Total c.4 ‘
weight Gained (g) 11.6° 14.4° 19.6%¢  27.0% 26.7%9 33,9%¢ 38.5° 37.8°  go.6®
average Total ’ b b a
Feed Consumed (g) 1815+ ¢ 165. 2% 171,67 193.9% S 185 4% F 59, 105 € 221.9 213.3°  314.32
Protein Efficiency b b a
Ratio o.71% 0.97% % 1.28%°  1.5999 1 e6™C 1.8 C 1.97 2.01 3.22

1. Data obtained by R. Jambunathan and E. T. Mertz, with the technical assistarce of Mrs. L. Tanchoco, Dept. of

Biocheristry, Purdue University, Lafayette, Indiana 47907. Duration of experiment: 28 days. Ten male rats in
each group.

2. Values with the same superscript arermt significantly different from each other at the 1% level.

9¢L
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ANRC casein as a control protein. The average total weight gain
per animal on sorghum IS-8165 was substantially less than that on
sorghum IS-2319, but the differences in weight gained among the

3 sorghums was not significant at the 1 percent level. Sorghum IS-
2319 and the two wheat samples also did not differ significantly
from each other in average total weight gained. The 3 triticales
samples, however, were significantly better than the 3 sorghum
samples, and triticale PM-15 and PM-132 were significantly better
than the two wheat samples. However, triticale sample PM-2 was
not significantly better than the 2 wheat vamples. wWeight gain on
the control casein was more than twice that observed on the best
triticale samples, and significantly higher than any of the cereal
grain samples listed in Table 33.

If we now look at the PER values, it can be seen that the PER
of the highly pigmented sorghum sample is significantly lower than
that of sorghum IS-2319 (0.71 compared with 1.28). The PER values
of the 3 triticale samples and the INIA wheat sample were signifi-
cantly higher than the PER values of the three sorghum samples and
the 7 Cerros wheat sample. The two wheat samples did not differ
significantly from each other, and the 3 triticales samples did
not differ significantly from each other. The highest PER value
in this cereal group was 2.01 (PM-132), which was significantly
lower than the PER value, 3.22, obtained on the control casein.

In summary the average PER value of the triticales was about 62
percent of the casein control, the wheat samples about 52 percent,
which is about equal to that of the normal corn shown in Table 32,

and the sorghums varied from 25 to 40 percent of the casein control.
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Data on the mouse, vole, and chick will be published in the Pro-

ceedings of the International Symposium on Protein Quality in Maize.

In summary, the weight gains and protein efficiency ratios of
normal, floury-2, and opaque-2 maize and of sorghum, wheat, and
triticales were compared with a reference casein in the rat, mouse,
vole, and chick. With ten male weanling rats per test cereal,
significant differences in protein quality were apparent in 7
days with values comparable to those obtained in 14 to 28 days.

A 7-day test would require not more than 600 grams of each cereal.
In the rat no significant differences were observed in either
weight gain or PER between hard and soft endosperm opaque~2 maize.
The 28 day PER of these two maizes was 85 percent of the casein
control compared with 60, 50, 50,and 40 percent for triticales,
wheat, normal and floury-2 maize, and sorghum, respectively. With
five male weanling mice per test cereal for 28 days, floury-2,
opaque-2, and triticales did not show significant PER differences
and were about 60 percent of the control casein value. With 5

or 6 weanling voles per test cereal for 5 or 6 days, PER values
were not significantly different between opaque~2 maize, wheat, and
triticale samples. With four replicated groups of five-day old
chicks per test cereal fed 6 percent of the cereal protein on

top of an 8 percent balanced protein base, PER values distinguished
hard endosperm opqaue-2 from soft endosperm but not hard endosperm
from floury-2, wheat, or triticales.

The chick studies demonstrated the superiority of opaque-2

maize over normal even after lysine supplementation of both, and
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a remarkable superiority of lysine-supplemented INIA wheat over
lysine-supplemented 7-Cerros wheat.

Based on the present cooperative test, the male weanling rat
gave the best differentiation between the cereals tested. Because
of the chick's high protein requirement, it was used only to test
the supplementary value of these cereal grains when fed on top of
a well balanced protein base.

H. Factors Affecting Maize Adaptation

Problems with instrumentation have continued in Colombia and
insects destroyed the 1972 experiment at Bogota. A satisfactory program
has been developed to compute the units of environmental variables
(Growing Degree Days, Corn Heat Units, solar radiation, net radiation,
and evaporation) in each interval of plant development for each variety.
The intervals being utilized are: (1) planting to floral initlationm,
(2) floral initiation to anthesis, (3) anthesis to silking, (4) silk-
ing to black layer formation (an indication of physiological maturity),
and the combination intervals, (5) planting to anthesis, (6) planting
to silking, (7) planting to black layer, and (8) anthesis to black
layer.

It is anticlpated the analysis of comparative stability of develop-
ment over environments among the entries will be basically that developed
by Eberhart. The comparison of environmental units as predictors of
varietal performance is more complex as it will be necessary to trans-

form the data to standardized units.
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SUMMARY

An "International Symposium on Protein Quality in Maize" was co-
sponsored with CIMMYT in Mexico City, December, 1972, with 150 scientists

participating.

Twenty-one new endosperm mutants from Colombian varieties have been
crossed to cornbelt stocks, then self-pollinated. Five or six genes
controlling three new endosperm mutants found in the previous search

cycle have been located to chromosome.

Opaque~2 synthetics Temp HA and Temp HB have been developed with random
mating and mild selection for modified types. Full sib selection scheme

with testing at 4 or 5 worldwide locations is planned.

Sugary-2/opaque-2, waxy/opaque~2, and brittle-2/opaque-2 versions of

two temperate zone synthetics have been developed.

Evaluation of opaque-7 in different backgrounds indicate that this

gene may affect lysine levels very near those of floury-2.

Three cycles of selections have been completed for higher protein content
in two opaque-2 synthetics (syn HA02 and SSSHOZ)’ and this germplasm

released if analysis warrants.

Another cycle of selection for increased germ size (oil content) and
the effect of selection on protein content will be evaluated in the

1973 season.

Selection for modified opaque types did not increase yield but did

result in slight decrease in ear rot.

Landry-Moureax fractionation of protein from modified opaques revealed
an increase in the zein fraction, which accounts for their lower

protein quality.
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Three sugary-2 (Oh43, B37, and C103) and two waxy (Oh43 and C103)
inbreds were released because of interest in their utilization to im-
prove nutritional characteristics. These releases have been distri-

buted widely in other countries and the United States.

The second years' evaluation of mature grain characteristics of a
diallel set of hybrids with specific starch modifying genes and

theilr opaque~2 com'inations showed considerable mean variation for
background interaction for kernel weight, kernel volume, kernel density,

p2rcent germ, protein and lysine, percent oil, and oil content.

The double mutant sugary-2/opaque-2 shows excellent promise for in-
creasing the acceptance and utilization of high lysine maize because
of its lmproved kernel density, vitreousness, enhanced caloric and
nutritive value, improved digestibility, and biological value. How-
ever, kernel size is reduced, though a full kernel, and must be im-

proved through breeding.

In vitro susceptibility of starch granules of several endosperm mutant
and double mutant combinations with opaque-2 to the action of several
d-arylases showed that sugary-2 and sugary-2/opaque-2 were digested
by the amylases much more rapidly than those of normal and other geno-
types. Waxy and waxy/opaque-2 were also digested more rapidly than

normal and opaque-2,

Rat feeding tests showed that_ggzgz and wx o, hybrids had excellent

biological value. Sugary-2 hybrids gave better gains than normal.

Endosperm protein quality of o,, su), 840,, shy, sh,0,, bt, and
25292 at 21-days after pollination is excellent. As development
proceeds, the quality decreases; but it is maintained at a higher

level.
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Endosperm protein quality of PR EZ’ EZEZ’ ae, ae 0,, wx, wX 0,,
su,. and Bu,0, was high at 2l-days after pollination. The double
combinations 2e 0y, WX 0, and 8u,0, genotypes had favorable protein

quality for edible green corn maturity although the quality was not

8o good as 8Y4,0,, 53292’ and 25292 genotypes.

A preliminary protein fractionation study (using SDS polyacrylamide
gel electrophoresis) of isolated protein bodies of developing normal,
99 252, and 95292 endosperms has provided a possible basis for
identification of subcellular sources of other protein bands, identi-
fication of subcellular sources of other protein bands, identifica-
tion of protein bands that have high basic amino acid content, and
survey of different endosperm mutants, inbred lines, or populations

for increased levels of lysine rich proteins and normal zein content.

Normal, opaque-2 and floury-2 maize, and sorghum, wheat, and triticales
were compared with reference casein in the rat, mouse, vole, and chick
in a cooperative study involving five laboratories. The male weanling

rat gave the best differentiation between the cereals tested.

Complete amino acid patterns of the Landry-Moureax fractions of
normal snd mutant endosperms revealed that the albumin-globulin frac-
tion and the true glutelin fraction have high levels of lysine and

tryptophan.

Three trainees completed the program on analytical techniques in maize

protein,

The relationship between meteorological data and the development of
widely differing strains of maize in Colombia, Mexico, and the United

States in 1971 and 1972 are being analyzed.
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