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Studies on the alloplasmatic effect in tribe Brassiceae 

1. On the carinata-cytoplasmic Brassica pekinensis induced 
by the successive backcrosses * 

Shoichi I W ASA 

Studies on the cytoplasmic inheritance, a branch of genetics com· 
parable in its importance with that of the chromosomal inheritance, 
were started rather very early in the history of genetics by Correns 
(1908) and other workers. but they have since been far less fruitful 
than those of chromosomal inheritance for want of the adequate ma­
terials and methods. Nevertheless, the accumulated results of many 
years' studies of the subject on various kinds of plants (see Caspari, 
1948; Michaelis, 1954), combined with the amazing progress in those 
of the same subject in microorganisms (see Sonneborn, 1950; Ephrussi, 
1953), have thrown light on the specific behaviors of cytoplasm. Thus 
it is now manifest that the cytoplasm, besides playing an important 
role of participation to the activities of nuclear genes, has its own 
genetical bearing. The results thus gained are no doubt applicable 
to the practical plant breeding. As the examples of utilizing allo­
plasmatic individuals, the new field of plant breeding as proposed by 
Mizushima (1961), the male-sterility in Nicotiana tabacunt having N 
debllcyi's cytoplasm (Clayton, 1950), the repression of self-incompati­
bility in Brassica oleracea having B. nigra's cytoplasm (Mizushima and 
Katsuo, 1953) and the artificial production of haploids in Triticum 
vulgare and Taylor's Triticale having Aegilops caudata's cytoplasm 
(Kihara and Tsunewaki, 1962) could be referred and their success will 
be obtained in the near future. 

The author has succeeded in producing the nucleus-substituted 
strain of Brassica peldnensis and carried out investigations upon 
the alloplasmatic effect with those forms. In this report the 
formation processes of these pekinensis plants having B. carinata's 

"* Contribution from the Horticultural Laboratory, Faculty of Agriculture, 
Kyushu University. 
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cytoplasm and the heritable behaviors of their peculiar characteristics 
are dealt with. 

MATERIALS AND METHODS 

Brassica carinata Braun (a strain) and Brassica pekinensis Rupr. 
(the commercial variety, "Kashin-hakusai ") were used for the substi-
tution and the restoration of nucleus. These strains \ver€ obtained 
from the stock cultures raised at the Horticultural Lahoratory, KYllShu 
University. 

The following processes \vere foIlmved for the nucleus-substitution: 
the amphidiploid FJ plant (its genome constitution is aabbcc, 211=---,54) 
was produced by the colchicine tedlIlique dJJVlieu Lo the seedling of 
original Fi hybrid raised from B. carinata (Q) x B. i)ckincnsis (8); the 
amphidiploid thus obtained had been backcrossed repeatediy with the 
pollen-grains of B. pel,incnsis (fable 1). 

'I'he nucleus-restored strain was obtained, in turn, from the progeny 
of the above-mentioned originai FI piant through the successive back-
crosses \vith the pollen-grains of B. carinata Cfable 1). 

The crossing was effected by the bud-pollination technique. The 
cytoiogicai observations were made using the smear melhou willI acetu· 
carmine_ The pollen-fertility \vas examined with the mature pollen­
grains smeared in a mixture of aceto-carmine and glycerin, and the 
pollen-grains stained well and appeared normal in their shapes \vere 
t;:Jken as fertile ones, yvhile the seed-fertility was denoted by the 
number of viabie seeds produced per siiique set under the open-
pollination. 

I<ESCLTS 

1. The tri-genomous triploid hybrids and their amphidiPloids 
The original FJ plants obtained ,vere more or less intermediate m 

their morphological characters and grew up quite vigorously. At the 
meiotic metaphase-I, PMCs showed the chromosome pairings, (2-9)111 

(23-9)1' As the result, the later meiotic processes became severely 
irregular, the degenerating anthers remained closed, the pollen-fertility 
reduced to 0.4 %, the percentage of siliques set was far from satisfactory. 
and the number of seeds collected per plant through the open-pollination 
amounted to around 30 at the maximum. The amphidiploid plants, 
on the contrary, were much more fertile than the original FJ plants, 
their pollen-fertility being 38.8 ~'o, and their seed-fertility (denoted by 
the percentage occurrence of viable seeds with the ovules developed) 
amounting to 36.5 % (under open·pollination) and to 16.0 % (under self­
pollination) respectively_ At their metaphase-I of PMCs, which contained 
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no univalents or trivalents, showed the chromosome configurations, 
(0-3)"+(27-21),,. In Fig. 1,27 bivalent chromosomes are clearly found 
at metaphase-I. Subsequent meiotic behaviors were quite irregular, so 
that the metaphase-II plate consisted of the exact set of 27 chromo­
somes occurred with the 48 % of plates observed. 

Table L Origin of the nucleus.substituted and -restored strains. 

1949 1950 1951 

B. carinata (:,i) " .. _-j Fl (abc, O.4'?·~) ··············-".-Fz (-, 65.0%) ............ ----,'> 

x R. /Jckincnsis (cj) J} ehromOMl"6 donl)ling xp Xp 10 

Fl (aabbcc, 38.8~{') ····->BIF~ (10 fl +171> 70.2~0)·:····-> 

1952 
----- ----cc::-::::---

1953 1954 

" : ... -7 

" xc xc xc 1) 

--:> Fs (-, 68.6 (~·o)· ·····->B1F 4( -, 83.1 ~··o)·· .. -+B2F()(1711' 99.1 (~/o) ..... _-) 
2) 0 xv ~ 

-->B2Fs(lO,,+5r, 58.0(~·o)·· ······->B2F4(14 Tl +4 J , 8-1.5%) ···->BJFr;(1811 , 93.5%)··· .. _-)-
S) xp xp xp 3) 

-)B2Fa(10 11 +1J, 90.7~/O)-·· ·····--+B3F,(10 1J. 98.8';:'0) ·······->B4F~(101J, 99.4%)······_-> 

1955 1956 1957 

" -:>B~Fij(171r, 96.4~.-;.,)··· .... ---';l- Restored strain 
2) Xl' xp 1) 

--+B3Fu(1n +9u + 2I , 52.4';:·(, )····-:>B4F 7(1011> 98.0 %) ......... ··---';l-BI">F~(10II' 99.1 %).. :> 

1958 1959 1960 

" --;. Substituted strain 
2) xp XI' xp 1) 
-- :>BtlF ~10IT' 97.7,;:·;,) .............. _) B7F lCOOll, 99.5 ';:'0) ....... ·----'J-~F 11(10 J h 98.5 %) ........ -:> 

1961 

N.B. Genome constitutions or chromosome configurations at MI and pollen-fer. 
tilities are represented in parentheses. 
Abbr. 0 .... 'open-pollination, s .... ·self-pollination, 

p .. ···pekinensis, c···· ·carinata. 

II. The substitution process of nucleus 

The procedures effected towards the nucleus-substitution are summa­
rized in Table 1. An amphidiploid F, hybrid raised was backcrossed 
by the pollen-grains of the original male parent, and 11 plants obtained 
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in BIF2* offsprings were quite similar morphologically to the Fl hybrid, 
excepting the forms of their leaves. PMCs in one of these 11 plants 
revealed the chromosome pairings of IOn+ 17J (Fig. 2) at the meta~ 

phase·I. indicating unquestionably that this plant. B,F, 7-1, may be 
aabc (2n=37) in its genome constitution. 

This plant was 70.2 % in its pollen-fertility, clearly surpassing the 
original amphidiploid FI plant, and about 1.4 seeds per silique \vere 
obtained from the backcrossing with the pekil1ensis plant, used as the 
male parent. Twenty-five B2F3 seeds thus obtained showed wide vari­
ation in their sizes between 1.72 and 0.S5 mm (in diameter), As shown 
in Table 2, with all the plants whose chromosome numbers were 
determined the relationship between the number of chromosomes of 
the plant and the size of seed from which the plant had grown up 
was made clear. The number of somatic chromosomes versus the 
diameter of seeds were 2n-:-=-21 vs. 1.72 mm with the plant 6-·1; 2n-'---=22 
vs. 1.63 mm with the plant 6-2; 2n=c:25 vs. 1.53 mm with the plant 
6---4; 2n=25 vs. 1.52 mm with the plant 6-7; and 2n=24 vs. 1.50 mm 
with the plant 6-10, respectively. These results show, in consequence, 
that the size of seed is inversely proportional to the number of somatic 
chromosomes with each B~F3 plant. 

The aspect of chromosome pairings at metaphase-I of PMCs in 
the above-mentioned 5 plants is given in Table 2. In B2Fa 6-1 there 
usually occurred the configuration lOll + 11 (Fig. 3) and often 9 11 -'. 3 1 

(Fig. 4) as well, so that either 101-10 (one lagging) or 10-11 (Fig. 5), 
and rarely 12-9 (Fig. 6) distribution, was to be seen at metaphese-II 
of PMCs. At metaphase-I of PMCs in B~F., plants the chromosomes 
derived from carinata genome appeared as univalents in plants 6-2 
and ···4, and as trivalents, in addition to univalents, in plants 6··7 and -·10. 
The trivalent chromosome is duly considered to be made by conju­
gation of a bivalent from pekinensis with a univalent from carinata, 
clearly indicating that the a, band c genomes in genus Brasst'ca ,,·..-ere 
10 partially homologous. All the plants in B~F3 strain \vere very low 
in their fertility with the exception of plant 6-1 which showed nearly 
as high in the pollen- and seed-fertilities as in the normal pe}-rinensis 
plants. However, the plants having 2n=21 chromosomes in the progeny, 
BaF4' of B2 F j 6-1 ('11) x pekinensis (8) were conspicuously retarded in the 
growth and showed low fertility, excepting two plants which showed 
quite similar chromosomal aberrations and high fertility as the B~Fs 

6--1. Moreover, these 2n=21 plants showed invariably the same con­
figuration lOll + I] at metaphase-I. It is conceivable from these facts 
that the chromosomal aberrations occurring in B2FS 6-1 would be lost 

* BIF2 denotes the 1st backcross generation obtained from the F l original 
form, so that BzF3 represents the next backcross generation of B1F2, and so on. 
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in these BaF4 plants having 2n=21 chromosomes, except the two plants 
above-mentioned. (N.B. It seems quite probable to consider that the 
chromosomal aberrations accompanied with B2FS 6-1 might have caused 
the inhibition of the carinata-cytoplasmic effect. Some detailed accounts 
of such carinata-cytoplasmic (lOfI + II) plants wiII be given in the 
future report.) 
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, .. : .. ,.:. I., ••• :.;: .. 

.. 
2 

4 5 6 

t' ... . ... 
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.,-"-" 
/ ~ .. '\ 
~.,:, ) 
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Figs. 1-7. Meiotic divisions in PMCs of Fl plant (E. carin ala x B. pckinensis), 
and its progeny obtained by the successive backcrosses. ca. x 1000. 

Fig. 1. MI cell of the original amphidiploid Fl plant, showing 27,1' 
Fig. 2. MI cell of B1F2 7-1, showing 10w l-17,. 
Figs. 3 and 4. MI cells of BzFs 6-1, showing 1011 +1 1 and911+:~J, respectively. 
Figs. J and G. MIl cells of I3~F:1 6-1, showing 11--10 and 12--9 distributions, 

respectively. 
Fig. 7. J\II cell of n:;F4 1-5, showing 1011' 

Nucleus-substituted plants could be obtained from the progeny of 
BY, 6-) and '-7. The R,F, seeds produced by B,F, 6-) did not varied 
in their sizes, but when they were sown, only smaller ones out of 
those, not any of larger, ones, grew up into (lO lr -;-l l ) plants, shovving 
that the situation was quite in accord with that in the preceding 
generation. In the plants (2n=20) of B3F4 strain, however, the chromo­
some association at metaphase-I of PMCs was exclusively 10" (Fig. 7), 
and the subsequent meiotic divisions proceeded quite normally. These 
facts probably shows that in those plants, resembling morphologically 
to the normal pekinensis plant, the substitution process of nucleus 
had already been completed. Those plants showed highly fertile <the 
pollen-fertility was 99.S ~{,; the seed-fertility was 10.3 seeds per silique) 
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under the greenhouse condition; but with several peculiar characters 
of their own, these nucleus substituted pekinensis plants could easily be 

Table 2. Chromosome pairings and fertilities in progenies derived 
through backcrossings. 

" 1 ~ r~Xp. no. 1_ 0 
Om 

of .-0 S 
individuals Z 8 

-" u 

Chromosome configurations at MI 

(Frequencies) 

Part I with nucleus.substitution; 
----_._--

27 1[(8),26 r 1+21(3),1 III +23Il + 11(2),1[ v + 25 n (5), Fl 2-1, 2 54 
i 2 rv + 23 11 (1),3 1 \' + 2IIl(2),3[ \' + 20 11 + 2[(1) 
I 

BIF~7-1 37 10[1+17[(7) 

B~F36-1 21 IO IT + IIC 45),9 11 + 3/( 12) 

-2 22 
1

10..-1-2,(20) 

-4 23 IOn + ;)1(22) 

-7 23 !1OJ[ + ;)r(9),lIll +911 +4. r( 4),2[[1 +8JI '1-3,(4) 
, 

-10 2cl 'lOll +4,(58),1l1l +2[( 4),llfr -1-9 11 -I- 3,(25), 
21 rr -1-8" -I- 2,(2) 

B~F41-1,2,3, 

1 1011(40) 
':1,5,6, 20 7,8,9j 
10 , 

14,18,1 21 10Il +l l (40) 21 

BzF422-16 32 l5II +2,( 1),1411 -I-4 1(30),lrll -I- 13II -I- 3[(3) 

B2F~ 3-2 3G 118II( 4),16 1[ -I-4 1(2),ln + 1G I1(1),1[ v -I- 1511 -I- 2r(1) 

BsFr, 29-3 21 110r [-I-·l](l),l[ v + 9 11 + 2[(6),2[ [[ -I-8 11 -I- 2,(2) 

B4F,15-8 20 :10,,(12) 

Part II with nucleus-restoration; 

F21-4 

F3 1- 12 
i 

B1F4 7-1 I 

13,FdO-S I 

B3F6 3-1,2, 
3,4,5,6, 
7,8,9, I 
10 
-----

34 iI7,,(20) 

I

'Fertility denoted as 

per cent 
of viable no. of 

! pollen- see.d~ per 
grains slhque 

- --------

% , 

38.8 6.1 

70.2 

90.7 10.7 

68.2 1.4 

62.9 0.1 

;;8.0 2.8 

66.3 2.:' 

98.8 10.3 

86.5 8.1 

84.5 

93.:1 8.2 

5H 

98.0 10.5 

------

65.0 7.4 

6S.6 8.8 

83.1 8.0 

99.1 12.5 

96.4 13.0 

distinguished from the normal ones_ This strain was propagated through 
generations under successive selfings or backcrossings until the BgF 12 



207 

generati on was reached. The offspring of l\Fa 6- 7 was raised by the 
open·pollination. The plant, B,F, 22- 16 (2n = 32), showed the 14" + 4J 
<.It metaphase-I in most PMCs and 1111 -1- 1311 -T :~, or 15,, --; -2. in some 
cases. From B,F, 22-16, l:l,F, 3- :! (:!n~36) was obtained by selfing, and 
it showed 18n ill metaphase-I in the ha lf of the PMCs exam ined and 
1611 + 41> 1, \, + 16 11 , or I n' 15 11 ~ 21 in the rest. B.1F,: 29<~ (20=24), ob­
tained from BJFr. 3--2 through the backcrossing with the pollen-grains 
of pc1~inensis. showed most frequent ly llv -;- 9 11 "':"" 21 or 2111 ,- 8 11 ~ 2" and 
101J 1-41 in some rare cases. The presence of those multivalent chromo­
somes higher than trivalent was likely to ind icate that there had 
occurred certa in chro mosoma l aberrations during tne propagati on through 
generations (R.,F3- B.!F,,). BsFu 29-<-{, through backcrossing again with 
pekincnsis, could produce 11 indi v iduals in the next B~F7 generation, 4 
ones out of those 11 showing close morphologica l resemblance to 
j)eki1ll~ Hsis. None the less these 4 plants, like nucleus-substituted 
descend ants from B:.>.F3 6- 1. had co nspicuous characters of their ow n, 
and in one of them, B,F7 15 -8, the chromosome association at meta­
phase-I was exclusivel y 10". and the subsequent divisions were quite 
norma l, realizing its high fertility under the Rreen house environment. 

III. The restoration process of nucleus 

It may be possible that the nucleus-substitution would bring about 
certain cytoplasmic changes towards the Fl plant or its progeny, and 
that such cha nges; if thus induced, could be detected upon the marc 
or less modified appearances realized through the comparison of those 
nucleus-restored plants with the normal intact carinata plants. Those 
nucleus-restoration processes, as shown in Table 1, were examined in 
detail for this purpose. (The most desirable method to be used for this 
purpose, is considered to repeat the backcrossings between the nucleus­
substituted pekinetzsis plants and the norma l intact carinata plants, 
taken as the pollen provider, but this attempt, though extensively 
tried in repetition over a period of years, have ended in vain.) The 
strain adopted for the nucleus-restoration was that of the progeny 
produced through twice open-pollinat ions from the origina l F \ plant 
(Table 1). F, 1- 4 a nd F, 1-12, which were selected for the pedigree 
culture through the open-pollinated generations. were found to resemble 
more closely in their morphological characters to B. carina/a than to 
the original Fl plant, and they showed relatively higher ferti li ty , though 
none of them could be examined cytologically. F, 1-12 through 
twice backcrossings with carinata (the pollen provider) produced B~FII 

10-8 (2n=34), which was highl y fertile, and was also morphologically 
indistinguishable from carillata plant, forming excl usively 17u at meta ­
phase·I of its PMCs. The offspring (B,F6 derived from B,F" 10 8 by 
backcrossing with carinata) was found to be quite identical with 
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carinata plant karyologically and morphologically as well. From these 
facts it may be safely deduced that the processes of nucleus-restoration 
have been practically completed in those forms. Such nucleus-restored 
plants, however, did not revealed any sign of peculiar characteristics 
effected cytoplasmically. 

IV. Chlorophyll deficiency in the nucleus·substituted plants and 
its genetic behavior 

Carinata-cytoplasmic pekincnsis plants (will be denoted in short 
as ca-peldnensis plants in the following description) revealed certain 
specific characteristics. Chlorophyll deficiency, the most conspicuous 
one of those characters, served as the most reliable criterion of dis­
criminating the nature of ca-pekinensis plants. In the seedlings of 
ca-peldncnsis plants, the cotyledons look rather pale yellow in color at 
first and soon became green as normal ones, and the first few foliage 
leaves developed the pale yellow or yellowish pale green coloring at 

Fig. 8. General appearance of carinata·cytoplasmic pekinensis plants (B~Fll) 
in the early stage of growth, showing clear deficiency in chlorophyll 
formation. (1960) 

the early stage and they grew up to the variegated ones. Fig. 8 
shows the chlorophyll-deficient young leaves on those plants, the coty­
ledons being fully green, while the foliage leaves pale yellow, and 
some of them turning normal green in their vein-regions. After this 
stage, the following leaves developed in succession have become as 
green as normal with the progress of growing and the plants appeared 
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more or less normal. But whe n those plan ts were removed to a cold 
place, the young leaves newly formed became chlorophyll-deficient, and, 
moreuver, such environmen tal effectiveness waS somewhat depended 
upon the duration of the low temperatures. Fig. 9 shows Fl plants 
se lected from two different lines, generated through reciprocal crosses 

T able:1 Genetic behavior of ch lorophyll deficiency in various strains. 

'0 S. ' ChlorophYll character I ci.e"2 ' 
~,; I ~ § I un~~r - I .: ; ,;: '5 c ~ z go ih: Descent of strains I greenhouse.l field ;~ 0. E I Po S ~ 
~ "& __ .0_--+ _ _ _________________ ..... ___ ~ _N-o r I De!. : Nor iDdl~ '0 ~ Q " 

Fl normal pekinellsisxB3F~ 37 0 39 i 0 76 1953-54 

FI x B,F r; 

FJ 1 F2 selfed 

F2 x I3~F6 

" X B,F1U 

18 o 
93 0 

20 0 

20 0 

19 0 

20 

51 

o 20 1959-60 

o 69 1960-61 

93 '195HiS 

20 • 

20 11955-56 

19 , 'I 
; 

1-Totals I ;~~--'~-O-+!-I-lO- . -O--_31~7~~i . 
F, B-'-F-,-x-n-o-r-m-a-I-p-C-k-i,-"-n-.'-is--'-· ~ - I 28 

B,jFr; x 1/ 0 35 

" 

, ll,FlllX • 
i ~Fl1 x 

F2 ! B .. F II selfed 

I BIlF7 f/ 

• 

T otals 

o 
o 

o 
o 
o 
o 
o 

37 

40 

20 

54 

17 

61 

20 

o 1 312 

o 

o 
o 

68 9G 1953-54 

18 

75 

35 1954--55 

37 1955-56 

18 1959-60 

95 1960-(l1 

17 1956-57 

61 1955-;)() 

20 1957-58 

o 1161 1473 1--
between ca-pekillensis plant and norma l pekinensis plant. The photo­
graph was taken with plants which had been removed from the green­
house and cultured thoughout in the open field from December through 
February. The hereditary behavi or of th is chlorophyll deficiency has 
been examined in continuati on from 1953 t hrough 1961. 
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Table 3 is compiled with whole the data obtained with the progeny 
raised through the crossings and as well as the selfings. All the 

Fig. 9. Different appearances of the c hlorophyll deve lopment in two Fl 
p la nts raised reciproca lly. a, carilla/a-cytoplasmic Fl plant; 
b, /)(!kinensis.cytopiasmic Fl plant. (1955) 

plants having carinata's cytoplasm manifested exclusively the defect 
in chlorophyll characters, irrespec tive of the year or the environmenta l 
cond ition in which they were grown. 

DISCUSSION 

The occurre nce of ca,pekillcnsis forms was first noticed after the 
three times repetition of the backcrossings of the original Fl hybrid. 
It appears rather important that such nucleus-substitution could be 
accomplished during a short period of time without accompaning any 
probable cytoplasmic changes or a certain alteration in the substituted 
genome if any. On the other hand, it has been disclosed t hat there 
prevailed a definite interrelations hips between the somatic number of 
chromosomes and the size with each individua l seed during the pro­
cesses of nucleus-substitution. Those seeds enlarged in their sizes with 
para llel to the decreasing of their somatic chromosome numbers approch­
ing to 20 a t the maximum. This phenomenon, combined with the 
following facts that in the t r ibe Brassiceae t he true F l seeds raised by 
the interspec ific or intergener ic crosses a re generally so remarkably 
reduced in their s izes as to be readily dist inguishable from a ny fa lse 
Fr seeds (Hosoda. 1946 : Iwasa, 1951; Mizushima, 1952) and, moreover, 
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that in the artificially induced pOlyploid or anup! oid forms there exist 
also a definite relationship between t he somatic number of chromosomes 
and the s ize with those seeds (Fukushima and Tokumasu, 1959 ; Toku· 
masu, 1961), will sugges t the advantage of selecting large-s ized seeds 
for the use of the nucleus-substi t ution which would be accomplished 
in a short period of time, pa rt ic ularly when the polyploid forms were 
concerned. 

The ca-pekincnsis plants revealed certain conspicuous characters. 
These cha racters, though varied considerably from individual to indi­
v idual and even under d ifferent environmental conditions, persisted 
intact fro m the B.1F4 through B;}F I2 generations. The detailed results 
of observations with those characters will be dealt with in a sepa ra te 
paper. Chlorophyll deficiency, the most conspic uous one of those 
characters, have been tra n::;m itted following the typical cytoplasmic 
\vay, as may be clearly seen from the facts co mpiled in Table 3. 
Further, the ea-carinata plants which were reorganized through the 
nucleus-restoration appeared quite normal, compared wi th ca-pekinensis 
pla nts. T herefore, those speci fic characters in ca·pekinensis pl a nts 
will be considered to have ar ised through the d isha rmony or unba la nc­
ed condition derived between carina/a's cytoplasm and pekincnsis' 
nucleus. 

SUMMARY 

1. The pekincllsis plants having carillaia's cytoplasm were ob­
ta ined fro m the amphidi plo id Fl plant whic h had been produced by 
crossi ng B. carina/a (9) w ith B. pekillensis (0) a nd w hich had bee n 
successively bac kcrossed with B. pekinensis. the polle n provider. for 
the nucleus-substitution. T he ca rina/a plants having carina/a's cyto· 
plasm were reproduced from the progeny of the orig inal Fl plant by 
successive bac kcrossing with B . carinata, the pollen provider, for the 
nucleus-restorati on. Comparati ve examinations di sclosed that the 
nucleus·restored plant was perfectly normal as the normal carinata 
pla nt, and a lso that the nucleus-subs t ituted pla nt developed certain 
pec ulia r characters, which could not be de tec ted in the normal j)(}ki ­

nensis pla nt. 
2. Various specific cha racter::; were always observable throughout 

generations from BaFi through FoB I~' The chlorophyll deficiency, the 
most conspicuous and recogni zable character, served as a norm for 
use in detecting the carinata -cytoplasmic pekinensis plant and tra ns­
mitted as a typical case of cytoplasmic inheritance. 

3. The conspicuous characters appeared in the cariuata·cyto· 
plas mic pekiuellsis plant are likely to arise from the disharmony 
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effected between carinata's cytoplasm and pekinensis' nucleus. 
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