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In order to increase the efficiency of induction of mutations by chemical muta-
gens, the fertilized egg cells at 6 hours after flowering were treated with MNU.
The frequency of mutations and the efficiency in the treatment of fertilized
egg cell greatly exceeded those in the treatment of dry seeds. The possible
concentration of MNU applied on the fertilized egg cell was estimated less than
1.0 mM.

INTRODUCTION

Mutation breeding is one of the most effective methods for improving crop
plants .  On the s tandpoint  of  mutat ion breeding i t  should be taken into con-
siderat ion to  increase the frequency of  mutat ions and to  control  the spectrum
of mutat ions .

Many kinds of chemicals, now, are used as an effective mutagen to induce
a large number of gene mutations with less chromosomal aberrations compared
with radiations (Heiner et al., 1960; Froese-Gertzen et al., 1964 ;  Ktinzel, 1971) .
However ,  the appl icat ion of  the chemical  mutagens have been restr ic ted to
almost only the dry seeds because they are toxic to growing plants.

, Recently,  i t  has been made clear  in higher  plants  as  well  as  microorgan-
isms that  the mutagenic abi l i ty of  chemicals  relates  with the specif ic  s tage
of DNA synthetic cycle (Yamaguchi, 1972; Yamaguchi and Matsubayashi, 1973;
Nishimura and Futsuhara,  1976) .  However ,  dry seeds of  r ice  and bar ley are
mostly in G1 (Yamaguchi, 1969, 1972). In order to enhance the mutagenic abili-
ty  of  chemical  mutagens,  therefore, t he  p r e f e r en t i a l  app l i ca t i on  o f  t hem a t
the specif ic  s tage of  the cel l  cycle and the sui table method for  t reat ing the
growing cell of higher plants should be required.

The single cell stage of the embryogenesis seems to be the most desirable
to the induct ion of  mutat ions because no diplont ic  select ion and a  maximum
size of  mutated sector  are  expected in  the t reatment  a t  this  s tage.

From these viewpoints ,  we tr ied to t reat  the fert i l ized egg cel l  of  r ice at
the single cell stage with N-methyl-IV-nitrosourea  (MNU), which is one of the
most effective mutagens on the bacteria (Hince  and Neale, 1974a,  b, 1975) and
is  able  to  induced mutat ion in  higher  plants  (Muller ,  1965;  Michael is  e t  a l . ,
1 9 6 5 ;  G i c h n e r  et al., 1968) .  In  this  paper  the eff ic iency of  the induct ion of
mu ta t i ons  by  t he  t r e a tmen t  o f  f e r t i l i z ed  egg.cells  in r ice is  compared with
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that by the treatment of dry seeds.

MATERIALS AND

Omura

METHODS

In a series of experiments, a paddy rice variety “Kinmaze” was used as a
material, and N-methyl-N-nitrosourea  (MNU) gained by Maruwaka Kagaku
as a mutagen.

1. Sensitivity of dry seed and soaked seed to MNU

To estimate. the suitable concentration of MNU applying to growing plant
of rice, sensitivities of dry seed and soaked seed to MNU were compared.
One hundred enriched dry seeds of Kinmaze  with 13 % moisture and one hun-
dred seeds soaked in distilled water for 60 hours at 25°C in the dark were
immersed in the MNU solutions for 2 hours at 25°C in the dark and followed
by washing for 24 hours in running tap water. The concentrations used were
30, 40 and 50mM on the dry seeds, and 2.5, 5.0, 7.5 and 10.0 mM on the soak-
ed seeds. After treatments they were immediately grown in the incubator
controlled at 25°C in the light for 13 days.

Sensitivities of both dry and soaked seeds to MNU were evaluated on the
bases of the germination percentage, the survival rate and reduction of seed-
ling height and root elongation at 13 days after treatments. The germination
was judged by means of emergence of the first leaf from the coleoptile in this
experiment.

2. Treating the fertilized egg cells with MNU
Fertilized egg cells of Kinmaze  at 6 hours after flowering were treated

by the panicle dipping-method. The procedures are given as follows : In
the evening of one day before treatment, the plants were transplanted from
the field to pots and spikelets already opened were cut out. To control the
developmental stage of fertilized egg cells as same as possible, only the spikelets
flowered within one hour from 10 : 30 until1  11 : 30 were used and unopened
spikelets were also cut out. At 6 hours after flowering, the panicles with
these spikelets were immersed in 1.0 to 4. OmM  MNU solutions for 1 to 3
hours at about 24°C under the dimlight  condition. The solutions were control-
led pH at about 4.8. The panicles were washed immediately after the treat-
ment for 24 hours in running tap water. More than two hundred spikelets
were treated in each treatment. The panicles immersed in distilled water
for 3 hours and followed by washing for 24 hours in running tap water were
used as a control. M, seeds set on the treated panicles were harvested at
about 40 days after treatments.

In the next year, the M1 seeds were sown on the small seed beds and
grown in the green house for about 40 days until1 they were transplanted into
the paddy field in the Kyushu University Farm. After ripening, the longer
two to five M, panicles per each M, plant were harvested. The biological ef-
fects of MNU on the fertilized egg cell were evaluated by means of following
criteria: M, seed setting per treated spikelets, maturity of their seeds, ger-
mination percentage of M, seeds, seedling height at 15 days after sowing, nurs-
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ery survival of M, seedlings at the time of transplanting, which is the ratio
of transplanted M, seedlings to M, seeds sown, field survival of M1 plants at
the time of harvesting, which is the ratio of M1 plants survived until1 the
time of harvesting to transplanted M, seedlings, the number of sterile M,
pIants per 100 M, pIants and final survivaIs. Here, the sterile M, pIant means
one having at least a sterile panicle showing fertility less than SO%,  and the
final survival means the number of M, plants setting more than 30 Mz seeds
on their three panicles per 100 M1 plants. The frequency of mutations in Mz
was estimated by the number of chlorophyll mutations per 100 M, plants. In
addition to the frequency of chlorophyll mutations, the efficiency of induction
of mutations, which is the number of chlorophyll mutations per 100 M1 seeds
sown, was employed to compare the effectiveness of induction of mutation
among treatments.

For the comparison with the above mentioned treatment, dry seeds were
treated with MNU by following conditions: Four hundred enriched dry seeds
were immersed in solutions of 5.0, 10.0, 15.0 and 20.0 mM MNU for 4 hours
at 25°C in the dark. The solutions were adjusted pH at 4. 8. After treatments,
they were washed in running tap water for 24 hours. Four hundred enriched
dry seeds were immersed in distilled water controlled pH at 4.8 for 4 hours
and followed by washing for 24 hours in running tap water to use as a
control.

RESULTS

1. Sensitivity of dry seed and soaked seed to MNU

Biological effects of the treatments are shown in Fig. 1. Although in-
juries at seedling stage of M, increased with the concentration of MNU both
on the dry seeds and on the soaked seeds, the latter were more injured,
even the concentration of MNU was below one tenth of the former. For
example, the concentration inducing 50 % lethality (LC 50) was estimated at
about 5. OmM  in the soaked seeds, whereas it was about 50mM in the dry
seeds. Furthermore, the concentration inducing 50 % growth reduction of seed-
ling (RC 50) was also estimated at about 2.5mM  and 30mM in the soaked
seeds and the dry ones, respectively.

On the other hand, MNU inhibited rooting and root elongation more strong-
ly than germination. Especially, the growth of crown root was remarkably
depressed in both treated seeds. The inhibition of the growth of root on the
treated seeds seems to be one of the major reasons for the lethality of treat-
ed seeds.

These results indicate that the concentration of MNU applying on the
growing cell is preferable to restrict below 5. OmM.  In the panicle dipping
treatment, therefore, MNU solutions under 4. OmM  were used.

2. Treating the fertilized egg cells with MNU

Ml injuly
Seed setting and the maturity of harvested M, seeds are shown in Table
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Fig. 1. Sensitivity of dry seeds and seeds soaked in distilled water for
60 hours at 25°C in the dark to MNU. -o -, dry seeds; - l --, soaked
seeds .

T a b l e  1 .  M, seed  se t t ing  and  i t s  matur i ty  a f te r  the  t rea tment  of  fe r -
tilized egg cells with MNU at 6 hours after flowering

T r e a t m e n t No. of treated Harvested seeds Maturity of

Cont. (mM) P e r i o d  ( h r ) spikelets Number %
harves ted  seeds

1.0 :

1. 5 :

2.0 :
3.0 1

230 224
334 325

331 313229 216

311 297524 464
301 222

good
a little w r o n g
a little wrong

w r o n g
wrong

very  wrong
very  wrong

Wate r 3 426 387 91 good

Trea tment  wi th  4.OmM  for 1 hour was excluded from the table because of very
few seed settings.

1. The treatment with 4. OmM for 1 hour induced necrosis on the soaked
panicles, and resulted in few seed setting. The treatment with 3mM for 1
hour also induced the necrosis and reduced the seed setting to about 70%  of
control, in addition, most of the harvested seeds were immature. No necrosis
was observed by the concentration less than 2. OmM, whereas about 20% of
harvested seeds were immature even by 1.0 mM for 3 hours.

It was found from these results that the concentration below 2. OmM  was
apropriate to the method, so panicles were dipped for inducing mutations at
6 hours after flowering in 1. OmM to 2. OmM  MNU solutions for 2 and 3
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hours.
The germination percentage, seedling height and nursery survival of M,

seedlings were, as shown in Table 2, affected by the treatment, especially the
nursery survival was reduced against the concentration of MNU. The nursery
survivals in the treatments with 2.0 miVI for 2 and 3 hours were 54 and 45 yb,
respectively. It was also affected by the duration of dipping, for example at
1. OmM,  being 21 g lower in the dipping for 3 hours than that for 2 hours.
Field survival was not so much different among conditions of treatment (Table
3). However, the number of sterile M, plants increased drastically with the
concentration. On the other hand, the treatment with 1.5mM for 3 hours
induced fewer sterile M1 plant than that with 2.0 mM for 2 hours, though the
dosage of treatment (concentration x duration of treatment) of the former
was larger than the latter. This situation was almost the same as the other
M, injuries. Consequently, it seems that the toxic effects of MNU to the fer-
tilized egg cell are more strongly caused by the concentration than by the
duration of treatment. In the treatments of fertilized egg cells,  perfectly
sterile M, plant was caused more frequently compared with the treatments of
dry seeds as shown later. As well as the lethality during the growth of ML,
appearance of perfectly sterile M1 plants reduced the number of Mz lines cul-
tured. Considering this point, final survival was employed to evaluate finally

Table 2. Injuries at seedling stage of M, derived from the treatment of
fertilized egg cells with MNU at 6 hours after flowering

T r e a t m e n t No. of M, Germination Seedling Nurse ry

Cont. (mM) Period (hr) seeds sown (%) height  (“4) survival (%)

1.0 2 224 99 81

E : 313 297 72 79 66 53 :: 54

1.0
: 3

325
87 ;:

66
;:: 464 216 :: 45 ::

Wa te r 3 387 99 100 99
_~

Table 3. Field survival and sterility of M, der ived  f rom the  t rea tment
of fertilized egg cells with MNU at 6 hours after flowering

T r e a t m e n t No. of Field survival Sterile Perfectly
sterile Final survival

Cont. Period t ransp lan ted Ml plant M, p l a n t
(mM) M-1 M, plants Number % (PO’) Number, (%I %

219 179 82
197 123 E Z::
160 132 :: 98 92

1.0 2”
Z 2

136
65 ::
10 3

1.0

Z 3

250 174

;!:  50 Z 97 ;i!  59

136

f:E 208 117 102 105 453” ;: 9

Wate r 3 350 350 100 0 0 350 100
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the damage of M, induced by MNU. It was remarkably decreased with the
concentration, showing below 50 % in the treatment with 1. OmM  for 3 hours
and only 3 and 9 96 in those with 2.0 mM for 2 and 3 hours respectively.

The injury in M, of treating dry seeds was not necessarily as same as
that of fertilized egg cells. Though the seedling height was decreased against
the concentration, no lethality of seedling was observed (Table 4).  Field
survival reduced to under 70 % by the treatment with 15.0 mM MNU, whereas
by that with 10.0 mM it was more than 90 % (Table 5). Sterile M, plants rang-
ed from 6 to 47% by the treatments and the values were less than those in
the treatments of fertilized egg cells. Final survivals, 92 to 55 %, were consid-
erably higher than those of 61 to 3% in the treatments of fertilized egg
cells. It is caused by the fact that there is no lethality of M1 seedling and no
perfectly sterile M, plant in the treatments of dry seeds.
Frequency of clalo~o~hyll  mutations in M2

Frequencies of chlorophyll mutations in Mz of both the treatments of fer-
tilized egg cells and dry seeds are shown in Tables 6 and 7, respectively. In
the treatments of dry seeds, number of chlorophyll mutations per lOOM, pIants
was 32 at maximum in the treatment with 20. OmM  for 4 hours. On the other
hand, the treatments of fertilized eg,0 cells induced from 40 to 70 chlorophyll
mutations per lOOMI  plants.

On the treatment inducing mutations for plant breeding, however, it
should be required to decrease the lethality in M, as well as to enhance the
frequency of mutations in Mz. In this respect, the efficiency of induction of
mutations was employed as a criterion to evaluate the effectiveness of the

Table 4. Injuries at seedling stage of M, derived from the treatment of
dry seeds with MNU

T r e a t m e n t No of  M, Germination Seedling Nurse ry

Cont. (mM) Period (hr) seeds sown (%) height  (s) survival (B)

12
15: 0

% 400 400 100 100 :: :;

:
400 100 56

20.0 400 100 48 E

Wate r 4 400 100 100 100

Table 5. Field survival and sterility of M, der ived  f rom the  t rea tment
of dry seeds with MNU

_ _ _  .._~~~.  _ ~~~
T r e a t m e n t No. of Field survival Sterile Perfec t ly Final survival

Cont. -- - t r a n s p l a n t e d ML
Period s t e r i l e  M ,  ~~~~~-~ -__~

(mM) (hr )
M, plants Number %

plan t
____ (%)

plan t  (%) N u m b e r %
~~ -.______

5. 0 4 396 368
;:

6 368
10. 0 f; 397 358 27 : 358 :;
15. 0 392 263 45 0 263
20. 0 4 395 222 5”s’ 47 1 219 5”:

Wate r 4 300 300 100 0 0 300 100
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Table 6. Frequency of chlorophyll mutations and efficiency of the treat-
ment of fertilized egg cells with MNU at 6 hours after flowering

T r e a t m e n t No. of MI No. of No. of
chlorophyl l  Frequency Eff ic iency

Cont. - - - - - -  s e e d s  s o w n t e s t e d  M:

(mW
Per iod  (hr ) ( a ) lines (b) muta t ions (c/b x 100) (c/a x 100)

cc>-___--__-~__ ~. ~~~.

1.0 224 136 67 30

::; ; 2 313 297 65 10 42 7 :: 70 13 2

-
-__ ~_

1.0 3 325 136 64 47 20

8:: z 464 216 43 50 29 17 40 58 13 4

Wate r 3 350 350 0 0 0

Table  7. Frequency of chlorophyll mutations and efficiency of the treat-
ment of dry seeds with MNU

T r e a t m e n t No. of M, No. of No. of

~ s e e d s  s o w n tes ted  M, chlorophyll Frequency Efficiency

Cont. (mM) P e r i o d  ( h r ) ( a ) lines (b) mutations (c/b x 100) (c/a x 100)
(i-1
\-J

5.0 4 400 368 32
10. 0 4 400 358 2:

8
18

15.0 ;: 400 263
z

23 15
20.0 400 219 69 32 17

treatment. In the treatments of fertilized egg cells,  the maximum value of
30 % was given at 1.0 mM for 2 hours, whereas in the treatments of dry seeds
it was only 18 % at 10. OmM  for 4 hours and the concentration more than 10.0
mM didn’t increase it though increased the frequency of chlorophyll mutations.

DISCUSSION

Only a few trial on the application of chemical mutagens to growing
plants has been reported (Bowen,  1965; Nybom and Koch, 1965; Ferrary, 1965;
Grober, 1966; Onozawa, 1972; Ashri and Levy, 1974),  although many studies
were carried out for the application to dry seeds. This is due to the technical
difficulty of treating fresh organs of growing plants with chemical mutagens
and comparatively low frequency of mutations induced.

On the other hand, the corpus initial cell group of the rice embryo, which
leads to the main stem, consists of about 5 or 6 cells in maximum (Osone,
1963) and it always leads to the chimera formation on the treatment of dry
seeds (Yamaguchi, 1962). The chimera formation indicates the small size of
mutated sector and as the results the segregation ratio of mutants reduce.
In addition, the frequency of mutations would be decreased by the diplontic
selection between mutated and unmutated cells in the meristem, as reported
by Gaul (1961, 1964). Therefore, the monocell  stage of embryo, that is the
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fertilized egg cell, seems to be the most desirable stage of treatment (Mericle
and Mericle, 1962). However, growing plants are more sensitive to radiation
and chemical mutagens (Yamashita 1967; Osone and Mikaelsen, 1970). Fur-
ther, most of chemical mutagens are effective carcinogens and they are highly
toxic to plants as well as animals and microorganisms. Therefore, to treat
the fertilized egg cells in rice with chemical mutagens, the effective method
of treatment and the employment of the effective mutagen must be establish-
ed.

The panicle dipping method was applied in this study because this method
is easier to treat the fertilized egg cells and less toxic than such methods as
the absorption of mutagen through the root and the injection into the inter-
node. The panicle dipping method seems to be very effective (Table 1).
Onozawa (1972) reported that the panicle dipping method was useful to treat
the developing embryo in rice and barley with chemical mutagens. The con-
centration of MNIJ  applied on the fertilized egg cells was decided on the bases
of the results that the appropriate concentration of MNU on the treatment of
soaked seeds was below 5. OmM.  Even in the treatment with 3.0 mM M N U
for 1 hour, however, necrosis was induced. This result suggests that the
fertilized egg cell is more sensitive to MNU than the soaked (germinating)
seeds. From the results shown in Table 2, the possible concentration applied
on the fertilized egg cell of rice is estimated at or below 2. OmM.

The treatment of dry seeds is characterized by the growth reduction of
M, seedling and the high lethality of transplanted M1 plants (Tables 4 and 5).
It may be caused by the growth reduction of roots shown in the first exper-
iment (Fig. 1).  On the other hand, the treatment of fertilized egg cells is
characterized by the reduction of germination percentage of M, seeds and
nursery survival of M, seedlings, and the induction of a large number of ster-
i le  M, pl,ants ( T a b l e s  2  a n d  3 ) . The loss of M, at seedling stage may be
caused by the abnormality of the organization of embryo since the treatments
are carried out before the embryogenesis commences. On the other hand, it
is obscure how the high frequency of sterile M, plant is brought by these
treatments, but it may be caused by occurrence of no diplontic selection in
the materials treated at monocell  stage.

The number of sterile M, plants was employed to estimate the effect of
MNU on the fertility of M, plants in this experiment, though the fertility of
M, population has been employed usually. On the treatment with MNU, both
the number of sterile M, plants per 100 M1 plants and the fertility of M1 pop-
ulation highly correlated with the frequency of chlorophyll mutations in Mz
and their correlation coefficients are almost the same (Satoh, unpublished).
Moreover, the number of sterile M1 plants can be examined more easily than
the fertility of M, population. This is the reason why the number of sterile
M, plants per 100 M, plants is employed in this experiment instead of the fer-
tility of M, population.

The frequency of chlorophyll mutations induced by the treatment of fer-
tilized egg cells is clearly higher than that of dry seeds. It will be hoped in
mutation breeding to increase the frequency of mutations in M, with less
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lethality in M1. A positive correlation generally exists between the damage
in M, and the frequency of mutations in M, (Sato, 1966). However, it changes
with the kind of mutagen and the method of treatment (Yamagata, 1966; Ya-
magata and Tanisaka 1977; Gichner et al., 1968). It is, therefore, difficult to
compare the effectiveness among different treatments. Considering this point,
the efficiency of induction of mutations was employed in this experiment. In
the treatments of dry seeds, it reached already a maximum value of 18 % at
10mM  for 4 hours, though the frequency of chlorophyll mutations increased
with concentration of MNU (Table 7). On the other hand, in the treatments
of fertilized egg cells, it was decreased with increasing the concentration of
MNU applied (Table 6). Therefore, the efficiency of induction of mutations
does not always agree with the increase of the frequency of mutations. The
maximum value of the efficiency, 30 %, was obtained at 1.0 mM for 2 hours,
though the frequency of chlorophyll mutations was not at maximum. This
result shows that an appropriate concentration of MNU applied on the fertilized
egg cell is below 1. OmM.  It is finally concluded from these values on the
efficiency that the treatment of fertilized egg cell with MNU is clearly effective
in comparison with that of dry seeds.
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