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SUMMARY

Several high protein mutant lines(M, plant gene-
- ration, 1974) obtained from X-ray irradiated Jinh-
-eung variety were examined at three different
locations for their agronomic characters, protein
and grain yields. On the other hand, high protein-
short culmed-early maturity mutant line No. 398
(Myo plant generation, 1974) induced from Hokwang
was crossed back to its mother to investigate the
gene(s) controlling protein and its pleiotropic
relation to other mutated characters.

Although variation of protein percent of mutant
lines from Jinheung was comparatively large
-depending on year and location, most of the high
protein mutant lines had higher protein yield per
unit area than the mother variety and their grain
than the mother,
They

“were several days earlier-maturing and had shorter-

yields were equal to or better

being resistant to both leaf and neck blast.

~culm except one mutant line.

The culm length and heading date of F; between
high protein mutant 398 and its mother Hokwang
‘were intermediate. Accurate assessment of segre-
_gation of culm length and heading date in F,
.generation and protein percent in F; seeds will be

.conducted in 1975.

INTRODUCTION

Since the discovery of mutant genes controlling

lysine content in maize endosperm by Mertz et al.”
and Nelson et al. 19, intensive works for improving
the amino acid balance and nutritive value of vari-
ous crops have been made both by exploring high
protein genes in the existing varietiesl,%%8 and by
employing induced mutations®41D,

On the other hand, emphasis has been given to
the development of better analytical and nutritional
screening techniques to provide the breeders means
of more rapid and accurate assessment of the prot-
ein quantity and quality of their breeding materi-
als™®,

Although rice has very low protein percent, rice
protein have the highest biological value among the
cereals. The glutelin fraction accounts for more than
70 percent of the total protein. This fraction has a
balanced amino acid composition containing fairly
large amount of lysine as compared with other frac-
tions. Thus, it may be quite feasible by simply
increasing the protein content of rice to obtain a
balanced and yet raised amino acid distribution.
Therefore, in the mutation breeding for rice protein
primary step is to obtaining mutants with high
quantity of protein.

Rice seed of Jinheung variety was X-ray irradiated
and mostly normal-looking or several days-earlier
mutants were selected in M. In later generations
they were screened for their protein percent and
several lines of high protein mutant were obtained.

On the other hand, high protein mutant No. 398

was selected from among the drastic mutants of



Hokwang variety. This mutant is, besides the trait
of high protein, also early-maturing and short-
culmed.

Present report deals with the performance of se-
veral high protein lines from Jinheung variety and
the result of the crossing between the high protein

mutant 398 and its mother variety Hokwang.

MATERIALS AND METHODS

Materials used were ¢ix high protein mutant lines
and three lines of fairly good grain yield (M, plant
generation in 1974) derived from Jinheung and high
protein mutant line 398(Myp in 1974) from Hokwang
variety.

The agronomic characters of the mutant lines

frcm Jinheung were analyzed, and the grain and

protein yields were examined at different locations..
For grain and protein yield test, plot sizes were:
4-8m?, designed randomized, replicated three times,.
and mother varieties were included. Nitrogen content
was determined by the conventional micro-Kjeldahl
methed and it was converted into protein using the-
factor 5.95. Moisture contents ranged from 12-13%
at the time of analysis.

Mutant 398 was crossed back to its mother vari-
ety Hokwang and mutated characters were examin--

ed in F; and F; generations.
RESULTS AND DISCUSSION

1. Performances of high protein mutant lines:

in different locations

In 1973 frcm about 3,C00 mutant lines 150 lines:

Table 1. Protein percent of grain and protein yield per unit area of high protein mutant
lines from variety Jinheung cultivated under different locations.

M Year and Protein Single grain mg protein Grain Protein
utant location (%) wt (mg) per grain  yield/10a (%) vyield/10a (%)
Mother 1973, KAERI® 6.4 25 0 1.59
variety 1974, ” 7.7 22.7 1.75 100 100
1974, Loc. 1P 7.6 25.0 1.90 100 100
1974, Loc. 2¢ 7.1 24.2 1.72 100 100
Mutant
No. 919 1973, KAERI 8.5 24.7 2.10
1974, 4 8.7 25.3 2.20 113.3 128. 1%
1974, Loc. 1 8.7 25.0 2.18 101.8 116. 6%
1974, Loc. 2 7.6 24.0 1.82 108.6 116. 2%
No. 1964 1973, KAERI 9.3 24.6 2.30
1974, " 8.6 25.0 2.15 108.6 121.3’.'5
1974, Loc. 1 8.5 25.0 2.13 111.7 130.9%
1974, Loc. 2 7.8 24.5 1.91 110.1 121. 0%
No. 1685 1973, KAERI 8.4 24.5 2.06 ]
1974, 14 8.4 22.8 1.92 107.8 117.7%
1974, Loc. 2 7.6 24.1 1.83 107.8 115.4%
No. 1953 1973, KAERI 8.6 29.3 2.53 ]
1974, ” 8.3 22.5 1.87 114. 1% 123.0%
1974, Loc. 2 7.6 24.4 1.85 106.5 113.9*
No. 2305 1973, KAERI 9.0 22.8 2.04 ]
1974, " 8.3 22.2 1.84 114. 1% 123.0*
1974, Loc. 2 7.2 23.8 1.71 113.7 115. 4%
No. 2772 1973, KAERI 8.6 26.7 2.31 ]
1974, ” 9.4 26.3 2.47 96. 1 117. 3%
1974, Loc. 1 8.5 27.0 2.30 110.8 123.9%
1974, Loc. 2 8.7 27.8 2.42 119. 3% 146. 2%

a Institute Farm, Korea Atomic Energy Research Institute, Seoul.

b Kyonggi-do, 20 km South-west of Seoul.
¢ Kangwon-do, 150km North-east of Seoul.
* Gignificant at 5%.
*t Gignificant at 1%.



were selected based on their agronomic traits and
afterward they were screened for their protein con-
tent. Several mutant lines of very high protein
percent as well as good grain yield were obtained.
In 1974 these materials were grown at three differ-
ent locations to further confirm the results of pre-
vious year and to test prelimipary grain and protein
vield per unit area.

Generally the results in 1974 were not so differe-

nt from those in 1973(Table 1). Most of them had
higher protein than the mother variety and their
grain yields were equal to or better than the mot-
her. As compared with ather varieties so far used
for the same purposes, this variety produced unus-
ually many high protein mutants with fairly good
agronomic traits or yield. They were several days
earlier-maturing and had shorter culm except mu-
tant No. 2772 (Table 2).

Table 2. Agronomic characteristics of high protein mutant lines from variety Jinheung

examined at Institute Farm.

Per Ut (9g) 8rain (%) Leat

Degree of blast*
susceptibility  Grain

Necr yield/loa

1000-

grain Ripened

- P " d Culm Na_?)lf_NO- Of
rotein eading panicles grains
Mutant (%) date l(ecrg)th per
L - plant
Mother 7.7 28 Aug. 75. 1 12.9
variety
Mutant
No. 919 8.7 16 »n 73.9 13.4
1064 8.6 15 72.9 13.9
1685 8.4 22 1 72.4 15.1
1953 8.3 22 » 71.5 20.1
2305 8.3 22 n 72.0 17.1
2772 9.4 15 » 91.4

12.3

panicle o

105 22.7 87.8 M S 100
9% 253 8.3 R M 113.3
87 25.0 93.9 7" R 108.6
86 22.8 91.4 ” ” 107.8
88 22.5 92.1 " 4 114.1
88 22.2 91.8 " ” 114.1
96 26.3 9.2 4 M 96. 1

a R: Resistant, M: moderate, S: susceptible.

Variation of protein percent of mutant lines was
comparatively Jarge derending on year and location.
and

In general results at the Institute Farm

Kyonggi-do were rather similar, while those at
Kangwon-do were lower. The protein percent of
No. 2772 was higher ttan the mother in both years
and at three locations, while the other lines were
variable depending on year and location.

Nos. 1064, 1685, 1953 and 2305 were similar in
their agronomic traits, being short culmed, early

maturing resistant to blast at Institute Farm and

Kyonggi-do. At Kangwon-do No. 2772 was better
than the other lines, being earlier, stiff-strawed,
higher yielding and blast-resistant, but disease-
resistance and yield were variable depending on
location. This line is peculiar in that despite of the
longer culm length its heading date was earlier. In
most of the mutant materials obtained so far, the

two characters were generally negatively correlated.
2. Mutant lines with good agronomic traits

Besides the selection of high protein mutant men-

Table 3. Mutant lines with ideal plant type and good yielding characters from variety Jinheung.

] Culm No. of  No. of Degree of blast
Mutant Heading length panicles grains 1000-grain Ripened susceptibility Grain
date (cm) Pef per wi(g) grain  TLeaf Neck yield/10a
plant panicle %)

Mogher 28 Aug. 75.1 12.9 105 22.7 87.8 M S 100

variety

Mutant

No. 2 22 70.9 16.0 93 21.9 95.0 R R 114.9

1761 24 » 70.7 15.7 91 21.9 93.1 S 7" 106.9
2578 18 75.1 10.9 111 25.0 9.2 R ” 106.1




tioned above, a few lines selected in 1973 and 19
74 based on the morphological or agronomic traits
were ideal in their plant type. They were short-
culmed, earlier heading, blast-resistant, and higher
vielding as compared with mother variety. Among
them mutant No. 2 appears to be most promising
(Table 3).

Their protein percents were nearly equal to the

original variety, but varied with the year.

3. Test for blast disease

Leaf blast was examined according to the standard
method practiced in International Rice Research In-
stitute (IRRI). Neck blast was tested by raising
the mutants at the corner of the Institute Farm
under disease-inducing conditions of dense planting,

heavy nitrogen application and without fungicide

Most of the mutant lines were resistant to both
leaf and neck blast(Tables 2,3). Subsequently fut-
her tests are considered necessary before confirma-
tion of the resistance, because it has often been
experienced that the high protein mutant lines
were tended to be rather blast-susceptible or mani-
festation of resistance was different depending on
year and location. The same is true in most of the

other characters in case of mutant lines.
4. High protein mutant No. 398

398(Mjo plant generation, 1974), selected from
Hokwang variety, has two drastically changed cha-
racters of short culm and early maturity besides
the 30% increase of protein content. The grain yield
is comparable to mother or less, depending on years.

Grain size and shape is similar to those of mother

application. (Tables 4,5).
Table 4. Agronomic characteristics of high protein mutant No. 398. *
Year Heading Culm length No. of panicles No. of grains 1000-grain Ripened grain
date (ecm) per plant per panicle wt(g) (%)
Mo@her 19712 Sep. 4 85.8 16.6 87.8 19.9 92.1
variety b _ —_ —
Hokwang 1972 Sep. 18 84.1 18.7 d
1973¢ Aug. 22 78.2 13.7 88.8 21.9 97.8
Mutant 1971 Aug. 3 61.4 16.0 90.6 20.5 78.9¢
No. 398 1972 Aug. 6 60.8 21.9 105.2 20.3 91.2
1973 July 28 55.3 13.2 81.9 21.8 97.2

* My plant in 1973.
a Ordinary weather.
b Year of unusual cold weather.

¢ Hotter than average year.
d Poor maturity due to cold weather.
e Susceptible to neck blast.

Table 5. Crude protein, grain weight, and weight of embryo and endosperm of high protein

mutant No. 398*.

1000~ mg Wt of embryo Ef;dosperm Prot. amount of
Year Protein rain protein & endosperm emb. & endosp.
(%) %vt (2 per per grain(mg) Embryo per grain (mg)
grain  Embryo Endosperm wt Embryo Endosperm
Mother 1971 8.63 20.78 1.793 0. 507 20. 27 39.98 0.101 1. 697
variety (Heavy N-
Hokwang fertilizer)
1973 6.22 21.92 1.363 0.568 21.35 37.57 0.107 1.243
(Normal N-
fertilizer)
Mutant 1972 11.24 21.21 2.38%4 0.612 20. 60 33.45 0.128 2.213
No. 398 (Heavy N-
fertilizer)
1973 8.42 21.77 1.833 0.537 21.23 39.51 0.142 1. 686
(Normal N-
fertilizer)
* My seed in 1973.

Poor maturity due to cold weather in mother variety in 1972 and no result due to neck blast in 1971.



It was crossed back to mother in late summer of
1973. The purpose of backcross was (1) to introd-
uce the high protein to mother, (2) to examine the
gene(s) controlling the protein, (3) to clarify the
linkage or pleiotropism between the high protein and
culm length or earliness. Being anxious to know
how the mutated characters segregate in F,, half
of F; seeds was sown in late autumn that year, F;
generation was raised through the winter of 1973
— 1974, harvested in late June 1974 and the F; seed
was sown immediately (this experiment is designated
tentatively as EXPT A). The rest of the seeds was
sown in the spring of ordinary sowing season in 19
74 and harvested in the autumn the same year
(EXPT B).

The culm length and maturity of Fy in the test
B were shown in Table 6. Unlike our expectation
of complete dominance, both characters were inter-

mediate showing no dominant-recessive relationship.

Table 6. Culm length and heading date of Fi and
its parents, Hokwang and mutant No. 398.

Trait Hokwang F 398

Culm length 84.3+2.16% 76.312.96 65.740.95
(cm) (20)® (395) o)

Heading date 28 Aug. 14 Aug. 5 Aug.
(Days from 129.9+1.69 116.5+2.14 107.041.39
sowing to (20) (35) (20)
heading)

a Standard deviation.
b No. of individuals examined.

The segregation of culm length and heading date
in F, generation and protein percent in Fj3 seed in
the test A was unclear. As the F, seeds were sown
at the end of June (ordinary sowing time is mid-
April), both growth and maturity were extremely
poor and F3 seeds of most of the segregants became
small-sized or immature. Although it is hardly po-
ssible or premature with these inaccurate results to
assess the number of genes controlling the above-
mentioned characters or to ascertain their linkage
or pleiotropic relations, it is interesting to find,
among the segregants, individual with short culm-
early maturity-low protein percent, indicating that
protein is inherited independently with the other

two mutated characters. Long culm-late maturity-

high protein segregant was also obtained, but its
high protein was considerd possibly due to the

" small grain and insufficient maturity caused by late

maturity which was the result of forced heading
in the green house. The accurate assessment of the
segregation in F,, however, will be conducted in
1975 using plants of F, generation which are raised

in normal conditions.
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