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Studies on the alloplasmatic effect in tribe Brassiceae

LI. Several conspicuous characteristics appeared in the
carinata-cytoplasmic pekinensis plant™

Shoichi Iwasa

In nucieus-substituted plants produced by successive backcrossings
various specific characters ascribable to an alloplasmatic effect have
been frequently observed {(e.g. Lein (1948) in Secale, Clayton (1930) in
Nicotiana, Kihara (1951) in Aegilops, Mizushima and Katsuo (1958) in
Brassica, Michaelis (1954} in Epilobium, Fukasawa (1959) in Triticum,
etc.). In one of those studies in Epilebium a number of characteristic
features, such as described as follows, were noticed and attributed to
the disturbance of interactions between cyvtoplasm and genes: certain
lethal or sterile character, many abnormal morphology in stems, leaves
and flowers, heterotic growth responses, certain differences in cyto-
plasmic viscosity and permeability, different sensitivity to poisons and
fungi, different enzymatic activity, different optima of temperatures,
light, and of day-length conditions for growing, etc. Those wvariation
ranges brought about by the alloplasmatic effect were not much
narrower as compared with those caused by the gene mutations
{Michaelis, 1951).

With the above examples, the manifestations of the effect of
allocytoplasm have been highiy complicated for their extensive wvaria-
tions and their sensitive responses towards the changes in environments,
so that whether a particular phenomenon occurring in a certain hybrid
or in its progeny is of cytoplasmic, or not, can not be determined
without the results of adequate observations gained with the F, plants
raised by the reciprocal crosses and with the nucleus-substituted plants
produced by the successive backcrosses.

In pekinensis plants having carinaia’s cytoplasm (in abbr., ca-

* Contribution from the Horticultural Laboratory, Faculty of Agriculture,
Kyushu University.
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pekinensis plants) the author has found out several conspicuous
characters, such as chlorophyll deficiency, some alterations in the form
of leaves and flowers, and growth disturbances to some extent, being
duly ascribable to the discordance between the carirafa’s cytoplasm
and the pekinensis’ nucleus, as will be described elsewhere in the fol-
iowing. The pedigrees of these ca-pekinensis plants which were taken
up for investigation were those from ByF,* (1953) through B.F; (1860},
being produced by the manner reported in the previous paper of this
series (Iwasa, 1963).

Cytologically, the ca-pekinensis plants examined were normal in
the meiotic divisions of PMCs and invariably showed 10, at meta-
phase-I,

The author wishes to express his sincere gratitude to Prof. Dr. E.
Fukushima of Kyushu University for his guidance throughout the course
of this investigation and revision of the manuscript.

RESULTS

1. Morphological alterations

The ca-pekinensis plants were more or less different in their {orms
of leaves and flowers from normal pekinensis plants and the grade of
these differences became increased or decreased according to the con-
ditions in which the plants have been grown. The two different forms
of F, plants, therefore, could be produced from the crosses between
the ca-pekinensis plants and normal pekinensis ones and compared in
derails under the same environment.

Table 1. Frequency distribution of leaf shape indexes in F; plants
obtained reciprocally. (1933)

|
t Mean | Number of

o ; Index {length/width}
F1 cross combination ; 12 L3 » 15, {{;, 3 ‘ index % plants used
| L S L s : :
| |

Normal pelinensis xByFy| & 1 6 7 - —

B Fsx normal pekinensis) — -~ 1 9 3 1 135 19

]
b

3. 20

-

1. The form of leaves. The largest and the next largest leaves in
the F, plants were measured of their lengths and widths when the
plants were grown up to the holting stage of growth in the greenhouse.
Table 1 shows various length-width ratios of leaves (the leaf shape
indexes). The result of measurements disclosed clearly that the indexes

* ByF, denotes the fourth generation hybrid strain derived through three
times of backcrossings.
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showed the increasing tendencies because of the cytoplasmic effect to
the F, plants having carinala’s cytoplasm (in abbr., ca-F, plants).

2. The size of flowers. As in the form of leaves the size of flowers
in the ca-F, plants was a little smaller than that in the F, planls
having pekinensis’ cytoplasm (in abbr., pe-F, plants). And moreover,
the flowers were more or less fainter in color in the former plants
than in the latter. The measurements of flowers were made with the
F; plants, half of which was grown continuously in the greenhouse
and other half had heen transferred to the nursery field from the
greenhouse in QOctober and grown there, The length and width of
petals were measured with flowers on the next day of their full-bloom
(Table 2). They were usually smaller in sizes with the ce-F, plants
than with the pe-F, plants, ite., 10 per cent smaller in the plants
under the greenhouse condition and 20—30 per cent smailer in the
nursery field, respectively. This fact will show that the effect of
carinata cytoplasm in these ca-F, forms can be witnessed by ifts in-
tensity depended upon the environmental conditions of the growing.

Table 2. Comparison of petal sizes in F; plants obtained reciprocally. (1955)
o Total
S R = e Petal length Petal width number of @ Kind of
I') ¢cross combination ot (mm) petals | plants - cyloplasi
e _used ‘used
(A ‘ .
Control: normal pekinensss) 13 {iva 0uifs) 8020387 120 3 pekincnsis
selfed | :
Normal pekinensis » B,Fs 131520604+ 8400589 80 2 7
BiFs = normal pekinensis 1207+0.345 7.52+0402 80 2 carinala
e e o ey P
(B)v ‘ ‘
Normal pekinensis « ByFs | 130040466, 8310435 40 2 i pekinensis
BiF: <« normal pekinensis 10.453:0497 2910315 282 B} carinata

N.B. U (A) Materials were grown in the greenhouse.
(BY Materials were grown in the experimental farm
%" The ra-F, plants became more or less undergrown and no small pro-
portion of them withered and died out towards the cold weather, so that the
number of flowers in plants remained alive was not enough to be measured.

[I. Disturbances in growth

The eca-pekinensis plants grown up from seeds germinated quite
normally and developed at the early stage several foliage leaves
showing conspicuous chlorophyll deficiency, being, in consequence,
undersized in that stage of growth. Fig. 3-A shows two kinds of
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pekinensis plants, i.e., the normal and the carinata-cytoplasmic ones,
the latter being undergrown and chlorophyll-deficient at an early growth
stage. Table 3 is compiled from data of comparison of ca-pekinensis
plants and normal pekinensis plants in their early stage of growth in
the greenhouse and as well as in the experiment farm. The average
size of ca-pekinensis plants attained to the 50 per cent and to the
only 20—30 per cent of that of normal pekinensis plants, respectively,

Fig. 1. Comparison of siliques set between different F, strains
raised reciprocally and hetween the different growth con-
ditions. (1955}

a; F; plants having pekincnsis’ cytoplasm, grown in the
greenhouse.

c; ibid,, grown in an open field.

b; F; plants having carirata’'s cytoplasm, grown in the
greenhouse,

d; ibid., grown in an open field.

corresponding to the cultural conditions, such as in the greenhouse
and as in the experiment farm. Towards the middle of their growing
stages the number of ca-pekinensis plants in a nursery bed in the ex-
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ment farm hecame to be reduced to less than half their original
number. And thus in Novembher when the plants were just to be
transplanted, those remaining nursery plants, as a general rule, looked
barely alive. But those ones kept in the greenhouse condition became,
in contrast, growing up steadily towards their maturation and ap-
proaching also to the normal sizes of intact pekinensis plants. Fig. 1
shows some siliques from two kinds of F, plants which were raised
reciprocally and cultured differently, i.e.,, some plants in the greenhouse
and the others in an open field. The siliques produced in pe-F, plants
were quite uniform in size, no matter whether the F, plants had
grown up in thec greenhouse (a) or in an open field (c), while those in
ca-F, plants were either identical or much more smaller in size than
the normal according as the F, plants had grown up in the greenhouse
(b) or in an open field (d). The situation was practically the same with
the height of stems, i.e., the stems became half or more than half of
the control height when ce-F, plants had grown in an open field.

Table 3. Comparisen of young seedling plants hetween carinala-cytoplasmic
pekinensts and normal pekinensis. (1933)

Material plants and ' Maximum leaf ' Number of‘ Number of

: chlorophyll- {Tetal number
thelr cultural con- yengen width P79 1 " defectéd  fof plants used

Ehtxons. em) | {om) “leaves | leaves B
In the greenhouse:
e o R E . | -
Normal control pek;- - - .
SiisTe 14.6 7.7 5.1 = | 20
BT, 83 . 42 5.4 ey | B
. e | | L
In the experimental farm:
Normal control peki- : e .;. o _ . —--——}--———------
HEHSIS ‘ 132 | 55 30 "6' 40
- ; - i 4
B3F, 1 35 2D 4.6 : 20
— SRR

IIL.  Chlorophyll deficiency

The most conspicuous character in the ca-pekinensis plants was
chlorophyll deficiency, as reported in the previous paper (Iwasa, 1963).
The condition in which many ca-pekinensis plants were grown during
the period of from 1952 through 1961 and the extent of chlorophyll
deficiency developed in each plant are shown in Table 4. The extreme
case of this defect was noticed in the plants grown during the period
of from 1957 through 1958, When seeds were sown in January
in the cold glasshouse, and they were allowed under the covering
until the germination, their germination attained 98 per cent. The
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vellowish-white cotyledons expanded did not turn out to be green al
all, and the next developed foliage leaves of from the first to the
third also remained in defective condition until the middle of February,

Table 4. Appearances of chlorophyll deficiency in the carinata-cytoplasmic
pekinensis plants and their respective growth responses.

‘ Month L §
Strain. Year | ‘ ' ko
‘ Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. E ) :,23
ByFy ‘1952—1953I(+-| - =) +F A A+ o+ D
i (+-I- = = + + - - =3 A
B4Fs (1953-1954 (++ =) b ++ bk o I e
(+4 = + = = - s I A
+4+  + ST T e et S o S C
BsFy ;1954—1955i(+++ + T T e e sl o S R O C
(H++ - I i - - - =) A
B[z 1955-1956/(+++ - - f + i i - A
BsFy 1956-1957| -+ +4 + — s o o L 5 U S + = A
BeFy |1957-1958 (b 44 D
B;F10 |1958-1959 [ S E T B I - =i B
ByF1; (1959-1960 (++ 43+ 4 |
ByFiz 1960-1961) (-+ + -+ - -) +4+ ++ ++ o+ B

N.B. —~+-++4: The degrees of chlorophyll deficiency, with whole the plants
used.

Figures in { ) indicate that the plants are growing in the heated
greenhouse condition (about 10°C or higher), and figures in { } indicate
that the plants are growing in the cold glasshouse conditicn. Figures
without parentheses indicate that the plants are growing in the open field.
A: All the plants grew up to their full maturity.

B: About half or more than half of plants grew up to their fall maturity.
C: Less than half of plants grew up to their full maturity.
D: Any one plant did not grew up to its maturity.

and all the plants became to die out rapidly in succession. Even
under the greenhouse condition those plants showed sometimes very
slight chlorophyll deficiency, i.e., some of their leaves were somewhat
splotched with white color on their margin of blades.

Chlorophyll deficiency was observed, in turn, in various degrees
with the different individuals (Fig. 2, a--d). This character, however,
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did not appeared throughout the processes of nucleus-substitution with
the aneuploid forms composed of from 21 through 36 somatic chromo-
somes and it became to be recognized barely on the first leaf of a
young 2n=21 (10,, +1;) plant (Fig. 2, e-g).

Examined under a microscope of the cross sections of chlorophyll-

deficient leaves, each variegated part was found to have in it a number
of large-sized cells containing chloroplasts and intermixed with irre-

gularly arranged chloroplastless cells.

identical in form with those found in a normal pekinensis plant.

Fig. 2. Various degrees of chlorophyll-deficiency appearing in the
first foliage leaves. (1952)
a-d; carinata-cytoplasmic pekinensis plants.
e-g; carinafa-cytoplasmic 2n=21 plants.
h: normal pekinensis plant.

IV. Biochemical analysis of chlorophyli-deficient leaves

L

Quantitative analysis of chlorophylls. To 50-70 mg of

The chloroplasts contained were

fresh
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chlorophyll-deficient leaves was mixed an adequate volume of 8¢
per cenl solution of acetone; the mixture was ground in a mortar
and filterd for extraction of chlorophylls; the optical density of the
extract obtained was determined by means of Beckman’s spectrephoto-
meter; for the quantitative determination of the extracted chlorophylls
(. Mackinney’s formula (1941) was used: -

Dygy=-82.04 Ca -9.27 Chb D,,=16.75 Ca -45.6 Ch

D=optical density; Ca =chlorophyll--a; Ch=:chlorophyll -

B

Fig. 3. A: Chlorophyll deficiency and retarded growth responses appeared in
the younger seedlings of carinatfa-cytoplasmic pekinensis plants (right),
compared with the control pekinensis plants (left). (1950)

BB: General appearances of chlorophyll deficiencies under the low
temperature environment. (1953)

4; 2n=21 plant having carinaia's cytoplasm. b; 2n=20 plant having
carinate’s cytoplasm, ¢ 2n=20 plant {normal pekincnsis).
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The quantitative analysis of carotenoid was made simultaneously.
The leaves used as samples were gathered from the potted plants
which were cultured at first in the greenhouse and transferred into the
open field in December to render them prominently deficient in chlore-
phyll appearance by the low temperatures (see Fig. 3-B). The fully
expanded cotyledons used as samples were collected from the seedlings
germinated at low temperatures. Normal pekinensis plants and ce-
{10;;=1p plants were used as controls, ,

By the use of the foregoing materials and methods the results
shown in Table 5 were obtained. In this Table three samples (1), (2}
and (3) of the leaves of the cae-pekinensis plant are representing those
highly chiorophyll-deficient (1), those moderately so (2), and those barely
so and nearly normal (3). As may be evident from Table 5, in ca-
pekinensis plants the outward sign of chlorophyll deficiency was found
to keep step in its variation with the total amount of the chlorophyll
contained. This was more actually the case with chlorophyll-5 than
with chlorophyil-¢, the e : & ratio varying much more remarkably.
The carotenoid contained was a trifle smaller in quantity in chlorophyli-
deficient leaves than in normal ones, so that the quantitative variation
of this substance was far less conspicuous than that of chlorophylls in
either kind of the leaves while the relative value of carotenoid with
chlorophylls in chlorophyll-deficient leaves was higher than that in
normal ones. Ca-(10;-1;) plants revealed no sign of chlorophyll de-
ficiency, as shown in Fig. 3-B, and their chlorophyll content was equal
to that of normal pekinensis plants, though their carotenoid content
was increased above that of normal pekinensis ones.

‘Table 5. Contents of chlorophylls and carcotenoid in the foliage leaves of
carinata-cytoplasmic pehinensis plants. (mg/g in Iresh weight) {1956)

Chlorophylls : s iy,
Material s & -+ Cardtensid 'Ll?{Oten}?I?i
a b Total  afb Ry

R E

Normal pekinensis | 0.79 (.36 115 2.19 1 0.08 | 0.07
Carinate-cytoplasmic | N . ; 130 :

pekinensis (10g-+17) (.69 0.31 1.00 223 0.22 0.22
Carinalg-cytoplasmic | - - B iy = 2
éb et (1D 1. | 0.07 0.005  0.075 1400 0.05 | 0.67
2 020 0.010 0210  5.00 0.67 ‘ 0.29
g 0.70 0230 0930 301 0.04 ‘ 0.04

The analytic results obtained with their cotyledons (See Table 6)
were quite similar in general tendency as in their expanded foliage
leaves as shown in Table 5.
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The results mentioned above could sufficiently demonstrate that
the extra-chromosome, which was derived from the carinata, restored
the chlorophyll deficiency and increased the carotenoid content in the
ca-(10,;+1;) plant.

Table 6. Contents of chlorophylls and carotenoid in the cotyledons of carinata-
cytoplasmic pekinensis plants. (mg/g in fresh weight) {1956)

Chlorophylls !Carotenoid!

Material ; . Total  ai iC:arotenmd ‘ chlotophyll
| I

! | i
Normal pekinensis C 040 0.11 0.51 364 | 0,14 i 0.28
Carinata-cytoplasmic : - i ' = ; i
pekinensis (L0 adsy ° 0.66 0.27 (.93 2.44 . 0.25 i 0.27

|
(104+) 0073 0021 0097 304 0.07 : 0.7%

N.B. These materials were grown under low temperature {ca. 5°C) conditions.

2. The quantitalive wvariation in chlorophyll content with young
plants. The chlorophyll deficiency of ra-pekinensis plants, though it
depended upon the thermal condition in which the plants were grown
(see Table 4), appeared always whenever the plants were young. Fig.
4 shows how the extents of chlorophyll deficiency in the ca-pekinensis
plants growing in a favorable thermal condition varied during the
period of 35 days counted from the day when the plants began to
germinate. The amounts of chlorophylls given in the figure were
measured by the method described in the preceding page. The chloro-
phyll content of the young ca-pekinensis plants began to show marked
increase at the approximate date of from the 10th to 20th day of the
germination. And the cotyledons showed also the similar increasing
of their chlorophyll contents with a remarkable progression under the
ordinary thermal condition, excepting the adverse low temperature
conditions as shown in Table 6.

3. Paper-chromatographic examinations on the chlorephyll deficiency.
The leaves used as materials in this examination were, (1) those
very young and showing usual chlorophyll deficiency, (2} those highly
chlorophyll-deficient ones, (3) those moderately deficient ones, and, in
addition, (4) those of normal pekinensis plants as the control. FEach
sample of those leaves was treated with an 80 per cent solution of
acetone for extraction of chlorophylls; to the extract obtained was
added ethyl-alcohol and a large volume of 20 per cent solution ¢f NaCl;
the chlorophylls in the mixture were removed into ether, washed with
water, and condenced under reduced pressure; the concentrated solutions
obtained were spotted on the paper and were separated by one-
dimentional ascending paper chromatography. The filter-paper and the
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solvent used were Toyd filter-paper No. 51 and a mixture of toluene
(100 parts) and ethyl-alcohol (1 part). The paper sheets were developed
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Vig. 1. Various trends in contents of total chlorophylls with different kinds
of young leaves at the very early growing stage. (1938)
a; foliage leaves of normal pekinensis plants.
c; foliage leaves of carinate-cytoplasmic pekinensis plants.
b; colyledons of normal pckinensis plants.
d; cotyledons of carinata-cytoplasmic pelinensis plants.

i the dark. After drying the chromatograms, they were examined
under an ultraviolet light having main emission at 3600 A and detected
as the fuorescent patterns. Those patterns obtained varied more or
less as follows with the sample used: with sample (1) neither chloro-
phyll-e nor -» was detected at all, but a fluorescent spot remained
intact at the original place; with sample (2) chlorophyll-a could be
detected exclusively, and a fluorescent spot remained also at the original
place; with sample (3) chlorophyll-e¢ and a barely traceable quantity of
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chiorophyll-d was detected, no fiuorescent spot being retained at the
original place; with sample (4) a marked amount of both chlorophy!l-a
and -b was detected, but no fluorescent spot remained at the original
place.

These ascertained facts appears to indicate that the occurrence of
chlorophyll deficiency in ce-pekinensis plant is mainly due to some
obstruction of the process of chlorophyll formation. It should be
hoped that the author’s work in this line of studies will throw some
light on these problems.

V. Fertility

The B;F, plants, being equal to the first generation of ca-pekinensis
plants, were nearly as same as normal pekinensis plants in their
fertility (99.1 per cent in pollen-fertility; 51.5 per cent in seed-fertility)
when grown in the greenhouse. However, when thcy were grown in
the experimental farm they soon died out entirely. In order to see
how the fertility of these plants were affected by the different environ-
mental conditions, with the plants of B,F; and B;F, generations the
fertility was examined under the growth conditions as shown in Table 4
(1954-1955). Irrespective of their origins, all the plants grown in the
greenhouse were about equally high in their pollen- and seed-fertilities,

Table 7. Comparison of pollen- and seed-fertilities in F{ plants obtained
reciprocally. (1953)

Lultural condition

P Greenhouse Open held
g CTOSS A= A, T e
! \ Fertlle 1 Viable seeds: N e | Fertl!e \ Viable seeds | | No. of
combination ‘pollen ‘per placentae . | pollen ‘per placentae ila'nts
| grains  developed pused i grains | developed pused
e AR o5
Control; normal o 1. , W LSRR S B &
o 99.7 i;»2.@“71.2780.2 6 93 TIAT6S-T8 3
Normal pekinensis — ggg | 765.839-921 3 —  B3RB6T-904. 6
% BsF4 i ‘ , . i
Hormal pelimomns | . spoggeEEs & 0 |75.8-826-895 5
= B4F5 | ‘ |
| 1
BiFuxnormal peki-1 g9  365.735-880| 3 | 983 (376-140-304 2
RENSIS i i‘ :
Bifswnormal poke 54.0-~74.4—80.7 8 | - | 50-3065L6 7
; \

HERSIS ‘

N.B. L minumum- average maximum values

but in the experimental farm the normal pekinensis and pe-F, plants
were much more fertile than in the greenhouse, while ca-F, plants
showed rather normal pollen-fertility and notably low seed-fertility
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(Table 7). Similar phenomena of degraded fertility were also met
with among plants grown densely crowded in narrow spaces throughout
their growing. As shown in Table 8, comparative examinations were
caried out with the following plants; (1) the normal pekincunsis plants
grown out of seeds sown at 3cm apart in a seedling box, (2) the ca-
pekinensis plants grown under the same condition as the plants (1),

Table 8. Variation of seed-fertility of carinate-cytoplasmic pekirensis plants
under the diferent cultural conditions. (1959)

~ A s Number of | Number of | Viable seeds Number of
L#“:;ié;sgﬁéﬁgt?onnd seeds per placentae |per placentae; silique
4 silique per silique ‘deve]oped {%)i examined
A) Densely crowded :
box-culture: i
! i
Control; normal peki- - 55 ) - ; i
nensis 151 29 : 6a.9 | =
BsFs % normal pekincrsis 24 i 247 9.7 19
13) Ordinary pot cul- '
Lture:
BoFo x normal pekinensis 12.2 23.2 : 52.6 22
|

and (3) the ca-pekinensis plants grown under the ordinary pot-culture.
The results of such examinations indicated that the plants (I) and (3)
were exclusively much higher in their seed-fertility as compared with
the plants (2), which became to be stunted in their growing, and
resulted in hearing only a few siliques per plant.

As mentioned above, those harmful effects induced by the field
and crowded culture towards the seed fertility of ca-pekinensis plants
varied according to the degrees of retardation in their growth responses.

Discussion

Chlorophyll deficiency, which is the most conspicucus characteristic
arised through the alloplasmatic effect in the ca-pekinensis plants, was
also noticed as such a specific character to some other plant forms,
e.g., the Triticum durum plants having Aegilops ovata’s cytoplasm
(Fukusawa, 1957), and a certain interspecific hybrid in Qenothera (Sch-
wemmle et al, 1938). It is well known that many nuclear genes in
addition to cytoplasmic factors are concerned in various cases of
chlorophyll deficiencies. Gene mutations related with this deficiency
have been bhrought about rather frequently, either spontaneously or
artificially (by means of radiations, chemical agents, etc.), indicating
presumably that the process of formation of chlorophylls is highly
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complicated and may often be interfered with many different factors.
Chlorophyll deficiency in cae-pekinensis plants is likely to arise from
the carinala-cytoplasmic cffect disturbing a part of action of nuclear
genes concerned with chlorophyll formation. This deficiency, however,
did not appeared during the processes of nucleus-substitution with
the carinata-cytoplasmic aneuploid forms composed of 21-37 somatic
chromosomes and it became to be recognized barely on the 2n=21
plant. And this fact indicates beyond doubt that the extra-chromosome,
which has originated from the carinata, contains a certain genes
capable of partly undoing the effect of carinata cytoplasm. The
detailed results as to the ¢a-(10,,--1) plants will be presented in a
separate paper.

The fact that the carinaia-cytoplasmic effect represents various
conspicuous appearances according to the unfavorable envirenmental
conditions, i.e., the open field culture, the crowded growing, under the
low temperatures, and various other adverse conditions, is quite con-
curring with the observations of Michaelis (1935) in Epilobium, where
the phenotypic differences between E. hirsutum plants having FE.
hirvsutunr's cytoplasm and I, Airsutum plants having FE. luteum’s cyto-
plasm became much exaggerated under unfavorable conditions, e.g., the
cultivation using very small pots. Thus the phenomena like these may
be regarded as one [eature of the peculiar alloplasmatic effects.

Retarded growth and chlorophyll deficiency usually appeared closely
connected together in the ca-pekinensis plants, not admitting any
separate occurrence. It appears, however, thal the retarded growth is
unquestionably ascribable to the carinata-cytoplasmic effect alone in
some cases, as may be duly presumed from the fact that the ca-(10,,-+1y)
plants revealed the retardation in grewth without accompanying a
definite sign of chlorophyll deficiency. Thus the assumpticon that the
former character may necessarily result from the latter could not he
held.

The ca-pekinensis plants did not exhibit, in turn, any sign of male
sterility, a representative character effected alloplasmatically (e.g.,
Michaelis (1933) in Epilobium, Clayton (1950) in Nicotiana, Kihara (1951)
in Aegilops, and Fukasawa (1953) in Triticum), and could induce
normal pollen-fertility even under adverse environmenta! conditions,
being somewhat enfeebled in growth and correspondingly low in its
seed-fertility, This decrease of seed-fertility may not be directly at-
tributable to the alloplasmatic effect.

With the nucleus-substituted B. oleracea having B. nigra’s cyto-
plasm, Mizushima and Katsuo (1953) reported that the nigra’s cytoplasm
appeared to inhibit the action of the self-incompatible genes contained
in ¢ genome, composing the substituted nuleus in this form. The
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present ca-pekinensis plants appeared to be somewhat self-compatible,
in contrast to the original B. pekinensis, and though the author’s in-
vestigations have not yet been made sufficient to decide whether the
cytoplasmic effect may or may not be operating in this circumstance.

SUMMARY

The pekinensis plant having carinatd’s cytoplasm, a product of
nucleus-substitution, revealed conspicuous characters ascribable to an
alloplasmatic effect. In this report is given an account of those
characters.

1. The leaves were somewhat slender and the flowers were
smaller-sized in this alloplasmatic plant as compared with a normal
pekinensis plant.

2. The plant varied in the rate of its growth under different
conditions, growing at a much reduced rate and revealing marked
signs of chlorophyll deficiency under adverse conditions. Retarded
growth and chlorophyll deficiency are so closely related to each other
with this plant as to admit no separate occurrence. However, as a
(10,, - 1) plant having carinata’s cytoplasm showed its retarded growth,
not revealing a trace of chlorophyll deficiency, it may be safely
asserted that the retarded growth is unguestionably ascribable to the
carinata-cytoplasmic effect in this plant.

3. Morphological and biochemical investigations disclosed that,
with the plants ranging nine generations (B;F.—B/F,;), chlorophyll
deficiency, the most conspicuous character in those plants, was some-
what strengthened under strong light and low temperature conditions
(about 5°C or lower), showing considerable variation in its manifesta-
tion from individual to individual. Chlorophyll-deficient leaves in those
alloplasmatic plants contained no doubt chlorophylls in an insufficient
guantity, and accompanied also the quantitative alterations resulted
through the changes in ratio of the chlorophyll ¢ : & and that of
chlorophyll: carotencid. It was found on further examination that, in
the (10;+1p plant having carinatc’s cytoplasm, the added extra-chromo-
some acted upon the carinata-cytoplasmic effect and redeemed the
chlorophyli-defect, also increasing the carotenoid content.

4. The plant was normal in its pollen-fertility under any environ-
mental conditions, and either almost normal or subnormal in its seed-
fertility according as it had been growing up in a greenhouse or under
an adverse condition. As reduced seed-fertility was invariably attended
with retarded growth in this plant, it seems that this decrease of
seed-fertility may not be directly attributable to the alloplasmatic effect.
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