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Genetic Variabilities in Two Modified Opaque-2
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ABSTRACT

The genetic information was required to improve several plant characteristics of the two modified opaque-2

synthetics, which were synthesized in 1980 at the Chungnam National University. Genetic analysis to obtain

the information was carried out by the method of Hallauer and Wright”). The information obtained from the

analysis indicates that plant characteristics such as plant height, ear height, kemel weight and yield of the two

synthetics can be improved by proper breeding procedures, since these characteristics were showing high esti-

mates of genetic and additive variance. The study also shows that some characteristics such as ear length or

kemnel row number may be not improved effectively and with ease.

INTRODUCTION

Since the discovery of the effects of the opaque-2
gene on the protein quality of corn endosperm,
many attempts have been made to incorporate the
opaque-2 gene into normal corn. However, com-
mercial production of opaque-2 corn varieties have
been hampered by several disadvantageous plant
characteristics associated with the opaque-2 corn.
Opaque-2 gene was introduced in Korea soon after
the report of the opaque-2 gene effects in 1960’s
and breeding works to use the opaque-2 gene have
been done at the Crop Experiment Station, Rural
Development Administration. Also new attempts
were initiated in 1978 at the Agr. College of Chung-
nam National Univ., to improve the endosperm

quality of the opaque-2 corn using modified

opaque-2 gene(s). The main purpose of the breed-
ing works were to increase the kernel weight of
opaque-2 corn, In Chungnam National University
two synthetic modified opaque-2 varieties were
developed in 1980 through a series of breeding
works!23): The breeding works for the develop-
ment of the synthetics were partly supported by
the special research grant provided by the Ministry
of Education from 1977 to 1979. The synthetics
developed were tentatively named as Puyo #2
and Puyo #3. The kernel weight of the modified
opaque-2 varieties has been improved. However,
the total yield per the unit land area was much
lower than the normal (non-opaque-2) corn varie-
ties. New ways of improving the plant characteris-
tics of the synthetics are required.

Importance of genetic variations in quantitative

characters in plant population has been emphasized
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by many plant or animal breeders. Also various

methods to estimate genetic variations in a popula-
tion were reported. Wright“) defined three types of
hereditary or genetic variance: additive genetic
variance, variance due to dominance deviations from
the additive scheme, and variance due to deviations
from the additive scheme resulting from the interac-
tion of nonallelic genes. Wright 1) also outlined pro-
cedures for estimating genetic variances and dis-
cussed applications of the information. The relative
magnitudes of genetic and environmental varian_ces
in certain plants have been studied by Hutchinson
et al”) and Powers.”) Robinson et al'® examined
genetic variance among full-sib and half-sib families
within two corn varieties and in crosses between
them. Similar studies made by Compton et a®
Robinson et al'® also reported on the method of
estimating heritability and the degree of dominance
in corn. They found relatively high heritabilities in
plant height, ear height, husk extension and husk
score. But they failed to detect any sizable domin-
ance variation among characters they studied. Hall-
auer and Wrightﬁ) had estimated the additive por-
tion of total genetic variances in openpollinated
variety. Their estimates indicated that the greatest
proportion of the total genetic variance was due to
additive effects under the assumption of no epista-
sis. Hallauer and Wright® concluded that some form
of intra-population selection should be effective,
initially, for increasing the frequency of favorable
factors determining yields.

Therefore, the objective of the present study was
to find the genetic variabilities of the two modified

opaque-2 synthetics.
MATERIALS AND METHODS

Two modified opaque-2 synthetics, Puyo #2 and
Puyo #3, were used for the study. The original
modified opaque-2 gene(s) for Puyo #2 was intro-
duced from Dr. Bauman at the Purdue Univ. in the
U.S. The modified opaque-2 gene(s) for the Puyo
#3 was from Dr. Lambert at the Univ. of Illinois
in the U.S. The introduced modified opaque-2 genes

have been incorporated into various normal corn

varieties by simple back crosses. From the segregat-
ing progenies phenotypic selection for the kernel
type was made and the selected progenies were usad
in the subsequent crosses and selfing. The selected
modified opaque-2 progenies were recombined for
developing synthetic varieties by open pollination at
the isolated farm of the university located at Puyo.
The synthesized varieties were examined for their
nutritional superiority by feeding experiments on
chicken and Puyo #2 was superior to the Puyo #3
in increasing body weight of the chicken.® Analysis
of lysine content of the two varieties was done and
their average lysine level was 0.4% for Puyo #2 and
0.34% for Pyuo #3. The two modified corn varieties
have been maintained by simple recurrent selection
schemes. The only disadventageous plant characteri-
stics associated with modified opaque-2 synthetics
was their low yields per unit area compared with
any leading normal hybrids grown in Korea.

The two synthetic varieties were planted at the
experimental farm of the Crop Experiment Station,
Office of Rural Development in 1983. The Design
1 experiment, described in detail by Comstock and
Robinson®) was the mating désign used to develop
the experimental material. Biparental crosses were
made within each variety. One plant designated as
male was used to pollinate three randomly chosen
female plants in the same population. A total of
seven male plants from each variety were used in
crosses. Plants providing pollen and those bearing
seed will be referred to as “male” and “female”,
respectively. Seven male groups (half-sib families)
were obtained, and resulted in 21 full-sib families in
each variety. The seed produced in 1983 was grown
at the experimental farm of Heung Nong Breeding
Farm located in Jochiwon in 1984. Male groups
were randomly assigned within 21 full-sib families.
The full-sib families were randomly allocated in
three replicated plots designed as randomized
complete block design. Each plot had three rows
with 20 hills per row spaced 25 cm apart. The dist-
ance between rows was approximately 60 cm. Each
plot was over-planted and later thinned to one plant

per hill. All other managements including applica-
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tion of fertilizers followed standard cultural me-
thods recommended by the RDA.

Data were obtained for eight competitive plants
within each plot except for yield. The characters
measured were plant and ear height, ear length and
diameter, kernel row number, kernel number per
ear, weight of 100 kernels, and grain yield. Plant
height was measured three times at the interval of
20 days after emergence (DAE).

The analysis of variance for each trait was com-
puted on plot means. The form of the analysis of
variance was presented by Comstock and Robin-
sons), and an example was given in Table 1. Because
of the mating design used, the components of vari-
ance in Table 1, 0,2 and o7, have the following
genetic interpretations. The component of variance,
0.-;2.’ arises from the genetic differences among the

male parents and is the covariance of half-sibs.

Table 1. Form of the analysis of variance.

Expected
SV. dr* M.S mean square**
Total mf 62
Replication{ r-1 2
Males m-1 6 | M, | 0*+30® f/m*90*m
Females m(f - 1) 14 [ My | 6°+30° f/m
Error -1 (mf-1|40 | M3 | 0°
* . 1, m, and f refer to replications, males, and females,
respectively.
**; 05 =Variance due to genetic differences among
males.

0} /m =Variance due to genetic difference among
females mated to the same male.

0 = Environmental variance among plants in the
same plots.

The component of variance, of», is due to the gene-
tic differences among female parents mated tc the
same male parent and is the covariance of full-sibs
minus the covariance of half-sibs. The assumptions
made in deriving the mean square were that (1)
parental plants used in making the crosses are
non inbred, (2) regular diploid behavior, (3) no
maternal effects, (4) equilibrium of repulsion and
coupling phase linkages, (5) no selection of parental
plants, and (6) no epistasis. Under the assumptions,

the genetic interpretations were made by Hallauer

aﬁd Wright6) as follows:

0,2 = covariance half-sibs= (%) ¢ ;and

aflzm = covariance full sibs minus covariance half
sibs = (%) 62 + (%) 6 . Then, 4 02 is the additive
genetic variance (aﬁ )}, and 4 aflzm is the total
genetic variance (0§ = 02 + 03 ) ynder the assum-
tion of no epistasis. Dominance variance (0[2) ) was
estimated as 4 affm
Additive genetic and total genetic correlations

2
—-4o0.,.

were obtained for all pairs of traits observed. As
indicated by Mode and Robinson®) the expectations
of the mean cross-products have the same forms as
the expected mean squares. Therefore, the corre-
lations among pairs of traits assuming absence of
epistasis, were computed as follows:

Additive genetic correlation =1, = Smm’ m
W; and total genetic correlation = T = Sf/m
f/m'}/s? £/m.87f /m’

are the estimated covariance components for males

where smm’ and sf/mf’/m',

and females, respectively. The phenotypic correla-
tion coefficients were calculated in usual ways
from the total observations. Heritabilities in a broad
sense for each trait were calculated as usual ways;
HB2 = ozG/ af, , where 0(2; and 012, were variance due -

to genetic and phenotypes, respectively.

RESULTS AND DISCUSSIONS

The mean values of the plant height measured at
the three different dates and their standard errors
are shown in Table 2. The mean plant height at 20
days after emergence for Puyo #2 and #3 were
46.3 cm and 54.2 cm, respectively. Puyo #3 was
about 8 cm higher than the Puyo #2 in plant height.
Differences of plant height due to male plants at the
20 DAE seems to exist in both synthetics. The mean
plant height at 40 DAE of Puyo #2 was 141.4 cm,
while the mean plant height of Puyo #3 at the 40
DAE was 171.0 cm. Again Puyo #3 was about
30 cm higher than the Puyo #2. Variation of plant
height due to male plants was mostly apparent in
both synthetics studied.

The mean plant height at 60 DAE of Puyo #2
was 238 .8 cm and the plant height of Puyo #3 was
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Table 2. Mean values and Standard errors of 10 characters of two synthetic varieties, Puyo #2 and Puyo #3.

Charac-
ter Plant 100K. Grain
Va- Ma- *Height (cm) Ear (cm) Kernel Wt. Yield
riety |le 20DAE 40DAE 60DAE Ht. L’th. Diam. Row No. No. (g) (g/ear)
I 480 156.0  253.1 1185 153 386 14.77 3855 180 529
1 484 1483 2420 1073 157 366 1581 380.2 153  48.3
I 485 1437 2459 1076 13.2 3.56 14.79 2920 16.8 37.7
v 448 1338 2395 1087 154 342 1484 330.1 126 384
Puyo | y 431 1301  223.0 945 142 326 1406 304.7 126 338
#2 | v 41,5 1340 2390 101.2 15.1 328  14.13 324.1 137 373
vH 500 1436 2289 91.8 154 358  13.79 3394 164 424
X 463 1414 2388 1042 149 3.52 1460 3369 151 415
oX 1.60 3.55 356 353 098 0.12 0.52 4872 112 1.57
I 60.7 1802  281.6 1400 176 398 14.67 3955 209 623
1 56.8 1813 2524  138.1 159 4.03 15.06 3755 205  66.0
11 54.1 1724 2577 137.0 159 380  14.40 3721 176  56.2
v 495 166.1 2647 1288 165 3.65  13.95 2889 175 513
Puyo | 473  163.0 265.6 1292 17.1 3.81 14.53 3780 172 563
#3 VI 49.4 1528 2455 1217 162 3.68 1339 3379 179 578
vil 618 1813 2638 1265 17.0 399  15.28 4045 18.5  63.7
X 542 1710 2616 1316 166 3.85  14.47 3646 18.6  59.1
X 3.40 6.18 791 418 085 0.12 0.61 66.25 137  9.77

* : Days after emergence.

261.6 cm, being Puyo #3 higher than Puyo #2. The
plant height measured at three different dates
during plant growth of the two synthetics indicates
that there seems to exist some differences in mani-
festation of heterosis between the two synthetics.
In other words, Puyo #3 was showing faster growth
in early part of vegetative growth than the Puyo #2.
The standard errors calculated for plant height of
both synthetics indicate that Puyo #3 was more
variable than the Puyo #2.

The mean ear height for the Puyo #2 and #3 are
shown in Table 2. The mean ear height was 104 cm
for Puyo #2 and 132 cm for Puyo #3. Variation of
ear height due to male groups was also apparent in
both synthetic varieties. The mean ear length was
15 cm for Puyo #2 and 16.6 cm for Puyo #3. The
mean ear diameter was 3.5 c¢cm for Puyo #2 and
3.9 cm for Puyo #3. Variation of ear length or
diameter was not so great as the plant height or ear
height. Ear length and diameter shows that Puyo #2
is smaller than Puyo #3 in ear size.

Kernel row number and kernel number per a ear

are presented in Table 2. The average row number

was 14.6 for Puyo #2 and 14.5 for Puyo #3. The
average kernel number per ear was 337 for Puyo
#2 and 364 for Puyo #3. The two synthetic varie-
ties have the same row number, while Puyo #3 had
more kernels per ear, The weight of 100 kernel was
15.1 grams for Puyo #2 and 18.6 grams for the
Puyo #3. The kernel size (not shown) of Puyo #2
was samller than that of Puyo #3. However, Puyo
#2 had more endosperm with vitrous starch (not
shown) than the Puyo #31:2:3)_ Yields per ear were
41.5 grams for Puyo #2 and 59.1 grams for the
Puyo #3, being higher for Puyo #3. Our previous
report on the lysine content of the whole endos-
perm basis shows that Puyo #2 was higher in lysine
level than the Puyo #33 ),

Table 3 and 4 show that mean squares for charac-
ters of the two synthetic varieties. Except for a few
characters such as ear length, ear diameter or kernel
number, male or female groups showed a greater
contribution to significant mean square values, The
significant mean square values associated with the
male or female groups indicate variation due to

environmental and genetic causes. Mean square
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Table 3. Mean squares of 10 characters of Puyo #2.

Mean Squares
Plant Plant Plant Kernel
S.V. df | height height height Ear Ear Ear row Kernel 100K, Grain
20DAE 40DAE 60DAE Height Length Diam. No. No. Wwt. yield
Total 62 e "
Reps. 217077 47971 5600 2333 462 03 22 17619 407, 105.19
Treatment | 20 47.72k 30049 36405 298.88 514 .16 263, 7893301505, 29210
Male 6193.21  766.21° 92336 751.06° 7.8 43 210" 11575.07 413%  538.05
Female |14 |2833% 10090 12434 10508" 427 05 195 631540 3.79  186.68
Error 40| 7.67 3787 9293 3730 289 04 81 712047 377  171.94
Male 12| 7.90 2277 106.62 7531 460 .03 68 1167220 349 17335
Female |28 | 7.58 .43.35 87.06 2200 2.16 .05 87 516973 3.88 17134
C.V. 5.98% 4.35% 4.04% S86% 11.44% 6.02% 6.18% 25.05% 12.89% 31.78%
*,** ; Significant at the 5 and 1% probability levels, respectively.
Table 4. Mean squares of 10 characters of Puyo #3.
Mean Squares
Plant Plant Plant Kernel
S.V. df | height height height Ear Ear Ear row  Kernel 100K. Grain
20DAE 40DAE 60DAE Height Length Diam. No. No. Wi, yield.
Total 62
Reps. 2 194.49:: 502.52* 1733.2§: 412.4f: 7.3§ .o§* 4.3f 3634198 352  3431.03"
Treatment| 20 | 124.53° 486.18" 568.08" 249.3§*4_07 18, 256, 15740.8411.41* 416.75
Male 6 1298.26. 1078.68 1182.43° 41837 159 .2§* 3.7§ 14022.78 20.79 568.15
Female (14| 50.05° 23223 304.77 176.8%% 5.3 13 205 1647715 739 351.86
Error 40| 17.20 11448 187.84 5244 2.16 04  1.12 13165.54 5.60 286.55
Male 12! 3784 216.73 141.84 5197 2.10 03 1.04 1444882 6.88 212.08
Female (28| 836 7066 20755  52.65 2.19 04  1.16 1261556 5.06 318.46
C.V. 7.65% 626% 5.24%  5.50% 8.65% 5.17% 7.32% 3147% 12.73% 28.42%

Table 5. Estimates of additive genetic variance, dominance variance, total genetic
variance, and heritability of broad sense for nine characters of Puyo #2.

Character oA 9H 0 hj

Plant | 20DAE 28.835 —1.296 27.539 0.782
height | 40DAE 295.694 -211.663 84,031 0.689
60DAE 355.122 -313.244 41.878 0.311

Ear height 287.099 —196.707 90.392 0.708
Ear length 1.292 0.546 1.838 0.388
Ear diameter 0.168 —0.164 0.004 0.074
Kernel row Np. 0.936 0.642 1.577 0.659
100K. Wt. 16.703 -16.676 0.027 0.007
Grain yield 156.179 —-136.522 19.657 0.103

values of male component were much higher than
those of female component in both varieties. The
genetic components of variance for the characters
in both synthetics are shown in Table 5 and 6. The
additive variance for the plant height measured at

the three different growing dates of Puyo #2 was

very high compared to the dominance variance and
they seemed to increase as plants grow. The ear
height of the Puyo #2 showed also large estimates
of additive variance. The additive variance of yield
of Puyo #2 was estimated very high compared to

the dominance variance. However, characters such
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as ear length, ear diameter and kernel row number
were showing relatively small estimates of additive
variance. The 100 kernel weight of Puyo #2 was one
of the characters that was showing relatively large
values of additive variance. The characters showing
high values of additive variance had large heritabili-
ties in a broad sense except for yield. The high
estimates of additive variance for the plant height,
ear height, and yield of Puyo #2 were quite agreed

upon with the previous reports by Hallauer and
Wright6) on an open pollinated corn variety they
used.

The estimates of additive variance was consistent-
ly larger than variance due to dominant gene action
for plant height, ear height, 100 kernel weight and
yield of Puyo #3. The additive variances of ear
length, ear diameter and kernel row number of Puyo

#3 were not much greater than the dominance

Table 6. Estimates of additive genetic variance, dominamce variance, total
genetic variance, -and heritability of broad sense for nine characters

of Puyo #3.

Character ox a]’) o (‘; hi
Plant 20 DAE 110.298 —66.446 43 852 0.718
height 40 DAE 376.200 —219.201 156.999 0.578

60 DAE 390.070 —234.162 155.908 0.454
Ear height 107.324 58.599 165.923 0.760
Ear length -1.570 5.520 3.950 0.646
Ear diameter 0.040 0.089 0.127 0.765
Kernel row No. 0.748 0.492 1.240 0.525
100K. Wt, 5.960 —3.584 2.375 0.298
Grain yield 96.127 —9.040 87.087 0.233

Table 7. Additive genetic, genotypic, and phenotypic correlation among 10 characters of Puyo #2.

“l_’lant Plant Kernel
Character height height Ear Ear Ear row Kernel 100K. Grain
40 DAE 60 DAE height leight diam, No. No. Wt. Yield
Plant a) .254 .099 .057 .014 .264 .098 125 264 195
height g) .769%* 263 .190 -.145 .830%* 275 - .888%*%  609*
20DAE p) .787%% 263 129 278 .702%% 306 359 .646% .564%
Plant .236 204 .073 324 155 .243 305 .286
height 716**  645% 271 997*%= 478 - 996*%  984%%
40DAE 583* 515 .300 .830%* 432 473 769%%  699%#
Plant 311 .016 228 .198 155 .202 171
height 980%* ..229 7218 622% — .742%% 475
60DAE .845%% 195 .629% .533# 467 375 .542%
Ear .033 210 222 .169 .139 154
height -.072 .665%# 774%% — .502 475
218 .563*% 516 425 .280 433
Ear .087 .068 261 .020 228
length 201 .045 — .057 .766%%
.349 315 664%* 093 667%%
Ear .158 .244 287 272
diam. 466 - 967%%  958%#
471 563% .708%%  773%%
Kernel 165 .056 134
oW, - 267 372
No. 391 .039 414
Kernel .145 317
No. — -
.045 907%*
100K. 220
Wwt. .982%%
323

a), g), and p) refer to the additive genetic, genotypic, and phenotypic correlation, respectively.
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variance, The higher estimates of additive variance
of plant height, ear height, 100 kernel weight and
yield of the Puyo #3 were very much alike similar
with those estimates obtained from the Puyo #2
variety. The heritabilities in the broad sense were
high for the plant height, ear height, ear length, and
ear diameter. The heritabilities of yield of Puyo #
2 and Puyo #3 were very low.

Throughout the analysis of variance components,
one particular thing was that the magnitude of the
genetic variances for several plant characters of both
varieties was smaller than the estimates of additive
variance under the assumption of no epistasis. For
instance, plant height measure at 20 DAE, 40 DAE
and 60 DAE, 100 kernel weight, and yield of Puyo
#2 and #3 showed smaller genetic variance than the
additive variance. The smaller genetic variance was,
therefore, responsible for the negative values of
some dominance variance for some characters stu-
died.

The additive genetic, genotypic, and phenotyp
correlations among the plant characters are show
in Table 7 and 8. Except for additive genetic cort
lation, plant height of Puyo #2 tended to have
positive correlations with ear height, ear diamet
and grain yield. Ear height was correlated with e
diameter except for additive correlations. Ear leng
of the Puyo #2 was highly correlated with gra
yield in genetic and phenotypic aspects. Kernel rc
number had a high phenotypic correlation wi
grain yield.

As in Puyo #2, no additive genetic correlatic
was high enough to be significant in the Puyo #
The genotypic and phenotypic correlations amo:
plant characters of the Puyo #3 showed the san
tendencies as shown in the Puyo #2. In gener
plant height measured at 20 DAE and 40 DA

tended to show more positive correlations wi

other plant characters compared with the pla:
height measured at 60 DAE. It should be pointt

Table 8. Additive genetic, genotypic, and phenotypic correlation among 10 characters of Puyo #3.

Plant Plant Kernel
Character height height Ear Ear Ear oW Kernel 100K. Grain
40DAE G60DAE  height length diam No. No. Wt. yield
Plant a).291 133 .156 162 268 .243 225 242 017
height g) .903** 400 550% .650* B871%*  900** - .842%%  985%*
20DAE p) .838** 493 444 1320 793**  611% 445 .554%* 506
Plant 155 223 .107 281 298 .201 231 .108
height 440 .802** 381 984%*  9g88** — 825%*  97(*#*
40DAE 569* .624* 302 T52*%*  741%* 428 558* 579%
Plant 154 427 .105 125 .101 112 -.002
height 446 622% 333 478 - 400 -435
60DAE .605* .625*% 406 432 .494 271 475
Ear 011 .184 .165 126 221 011
height 411 669**  688** - 858** 427
336 498 423 490 443 .594%*
Ear 148 141 201 124 -.002
length 248 435 — -.045 L790**
372 165 736** 065 461
Ear .290 269 251 .023
Diam. 989** — 870%*%  986**
673%*  649% 659* 668%*
Kernel 248 165 .021
row - 741%*  569%*
No. 441, .269 .583%*
Kernel 156 .020
No. - _
.169 796%*
100K. 016
Wwt. 952%*
372

a), g), and p) refer to the additive genetic, genotypic, and phenotypic correlation, respectively.
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out that the plant height of either Puyo #2 or
Puyo #3 was highly depressed because of a black
streaked dwarf virus incurred during the later part
of the growth.

In conclusion high estimates of genetic, additive,
variance of some characters indicate that plant
characters such as plant height, ear height, kernel
weight and grain yield of the two modified opaque-
2 synthetics may be improved by proper breeding
procedures such as recurrent selection. However,
some plant characters like ear length, ear diameter
or kernel row number may be not improved with
ease. It was also indicated that yields of the two
synthetics could be increased by increasing plant

height or ear diameter.
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