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INTERSPECIFIC HYBRIDIZATION IN BRASS/CA. 1II. TIHE
CYTOLOGY OF F, HYBRID OF B. CERNUA AND
B, NAPELLA'

Toshitaro MoORIXAGA

INTRODUCTION

It has already been reported in my previous papers (4, 5) that
when B. Napgelle, characterized by ninetcen chromosomes, is crossed
with B. chinensis (ov other allied species with ten chromosomes), ten
bivalent and nine univalent chromosomes are found in the heterotypic
division. I have also found that when . cermua with cighteen chromo-
somes s crossed with B. chinensis or other allied species, ten bivalents
and ecight univalents are invariably observable in the heterotypic divi-
sion (6). In both of these cases, as in the proto-type of Droscra-scheme
hybrid, 2. longifolte X wotundifvlia, the most natural explanation of the
mode of synaptic union in the heterotypic division seems to me to be
that the whole ten chromosomes from one parental derivation conjugate
with an equal number of those of the other parental derivation, leaving
the surplus chromosomes as univalents (allosynapsis). If the above
assumption is correct, both B. Napella and B. cernua should contain,
in their reduced chromosome complements, ten chromosomes with strong
affinity to those of chgnensis or allied species.  Thus when we cross
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B. cernna and 5. Napelle we would expect the synaptic union between
those cernna- and Napella-chromosomes, which have strong affinity
to those of chinensis, thus producing ten bivalents. No prophecy,
however, will be made as to whether or not any of the rest of the
eermua~chromosomes  find  their synaptic mates among the remaining
Napella-chromosomes.

From her extensive studies Sinskaia (8) concludes that 5. pekin-
ensis, B. chinensis and B. nipposinica (B. japonica), all of Asiatic origin,
are very closely allied to one another. B. juncea (B. cernua), though
also of Asiatic origin, belongs to a different group from the former ;
while B. mapus, originating in the Mediterranean region, is a member
of a still another different group. B. Napella is a species rather
recently introduced to Japun proper through Chosen, and nothing is
known about its origin. This species, however, externally resembles
B. napus very closely, which fact suggests strongly its origin in that
species.

Kecping thesc points in mind, T examined the karyological features
in the F, hybrid 7. cernua x B. Napella.  The results obtained will
be bricfly described here.

MATERIALS AND METHODS

Though the F, hybrids of 5. cerina and F. Napella were first
propagated successfully in my laboratory in 1625 (4), the cytological
studies of the hybrids were left untouched until the spring of 1928,
when I obtained newly seven F, hybrids of B. cerrwa x B. Napeia. All
the seven F, plants grew vigorously, and showed an entirely uniform
appearance, more closely resembling Augella than cernua.  From these
plants the root-tip was fixed in January-Fcbruary with Nawasuin's
fixative, and anthers were fixed in March-April with either Bouix's or
Benpa’s solution.  The methods used were in general the same as
described in my previous papers.

RESULTS OF EXPERIMLENTS

On account of poor fixation no exact counting of somatic chromo-
somes was possible, though about thirty-scven chromosemes were ©Ob-
served in all root-tip cells examined by me.

In the heterotype metaphase of the pollen mother-cell, T invariably
counted twenty-seven chromosomes, and 1 obscrved the formation of
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ten gemini in the heterotype division. Actually ten bivalent chromo-
somes are casily discriminated from seventeen univalent ones, as the
bivalents arrange themselves at the center of the equatorial plane, leaving
the univalents scattered in the surface layer of the spindle substance.
The univalents are occasionally found in the equatorial region, but are
situated always outside the group of bivalent chromesomes (Figs. 1, 9,
10). The number of univalents in the equatorial region, or thereabout,
differs greatly in defterent flowers. The position of univalents in the
surface layer of the spindle is well illustrated in the polar view of the
cell, especially when many of the univalents are situated at the same
level (Text-fig. 1).
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Text-fig. 1. A cell in heterotype metaphase depicted at 3 different
foci to show the position of univalents and bivalents. 1a, § univalents
roughly in a ring (upper focus). 1h, 10 bivalents in the equator (middle
focus), fc, 9 univalents at the samc focus in a ring and 3 univalents
slightly upper or lower deviate somewhat from the ring (lower focus).
X 4,000.

Text-fig. 2

o© S O
O ’: i f; ':""' O & e
Q Q0 0 . 9 80 Q

2a 2b 2¢ ze

Text-fig. 2. A cell in heterotype anaphase depicted at § different
foci to show the position of univalents and disjoined halves of bivalents.
2a, 4 univalents in a ring {upper-most focus). 2b, 10 halves of biva-
lents and two univalents (upper focus). 2¢, 10 halves of bivalents



[

b

L

202 Toeshitare MoriNaGa

(lower focus). 2d, 9 univalents in a ring (lower-most focus), ze, 2
univalents found in the next section. x 4,000.

In the heterotype anaphase, the synaptic mates of all the bivalents
disjoin from each other as in pure-bred species. Two stages, one
fullowing the other, are represented in Figs. 2-3. In both of these
cells most of the univalents are found near the poles, while in the cell
depicted in I'ig. 4 most of them are situated near the equatorial region.
This latter situation is met with in flowers in which a relatively high
number of univalents are obscrved in or near the equatorial region in
the mataphase. In either type of situation, the univalents keep their
position, as in the metaphase, in the surface layer of the achrematic
spindle (Fig. 4 and Text-fig. 2). The univalents far out of the equator
move without splitting to the nearer pole, nltimately joining the halves
of bivalents.  DMost univalents near or in the equator usually show wide
spiit, though the real distribution of the halves to the opposite poles is
accomplished in only relatively a few cases.  Fig. 5 shows a cell in
interkinesis ; one daughter nucleus contains nineteen chromosomes, while
the other contains twenty; one splif univalent is found in the cytoplasm.
The double nature of some chromoesomes is noticed in the figure.

In the homotype metaphese, the chromosomes usually arrange them-
selves regularly in the cquatorial planc (Fig. 6). Trom the results of
eighty-four metaphasic countings the following table, showing the fre-
quency distribution of chromosome number, was compiled :

Table 1.

Frequency distribution of chromosome number in homotype metaphase.

Number of
chremosomes 10 11 12 E3 I4 15 16 17 1§ 9 =20 21 =22 23 24 25 26 27 Total

. Chromosames

o 0o o B84

-1
-
c

in equatnria]jo o o o 3 I 4 134 Ig 153 14 6
plane only

All (:hmmo-l

S0mes on theIo o ©¢ o 2z 1 3 I1I I35 20 I3 9 7 3 0o ©o o o B84
spindle

. Theoretical o o oI 04 1.5 40 7.9 125 156 15.6 125 7.9 40 [.5 04 OI © O —

In thirteen cells I counted the number of chromosomes in both
homotypic plates, and the results are presented in Table 1L

As shown in Fig. 7, the homotype anaphase is carried out very
regularly. The average number of lagging chromosomes in the late
anaphase was only 0.g. In an cxceptional cases, however, I counted
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as many as six lagging chromesomes.

203

When there are comparatively

many laggards in one homotype spindle, a relatively large number of
them are found also in its sister spindle of the same cell.
gularity scems to be connected with the behaviour of univalents in the
preceding division.  The total chromosome number in a mother-cell in

homotype anaphase is about twice (hirty-seven.

Table

11

Number of chromosomes in homotype metaphase.

This irre-

Spindle 1. Spindle IL
i " Out of spindle | Total
On equalorial | Out of equa- | On equatorial | Out of equa-
plate l torial plate plate torial plate
17 1 19 g o 37
13 o 20 o} o 50
=3 o 14 o o 37
23 o 14 0 o) 162
17 o 20 o o 37
14 1 21 z I 39
1 35] 0 18 I s] 38
13 0 19 o o 37
16 3 20 1 o 40
17 =] 19 X o 37
17 I 18 o o 367
18 B} 15 I o 37
17 a 20 o o} g
Average | el . -
17.9 0.5 15.3 o5 0.1 374

SOME IRREGULARITIES OBSERVED

t. In a certain locule containing mother-cells in heterotype meta-
phase I observed extraordinarily large metaphasic spindles though very
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rarely. Fig. 8 presents such a cell in which more than ten bivalents
and = thirty-four univalents are observable. A similar case observed
in another Brossica may warrant the description here. In the horticul-
tural variety of 5. Rapa, “ Keya-kabu,” 1 found a group of a few
poilen mother-cells markedly larger than the normal ones. Such large
mother-cells possess supernumerary chromoseomes, and in one such cell
I could count about twenty chromosomes in the equatorial plane. The
duplication of chromosome complement in this case seems to have

occurred in late archesporial cell division to produce a group of tetraploid
pollen mother-cells.

2. Three equatorial plates instead of two in the homotype meta-
phase were observed once in this study, showing an irregularity which
is of rare cccurrence.

3. Rarely dyads instead of tetrads were produced as the end
results of the reduction division.

GENERAL REMARKS

From the foregoing description it is clear that the F, hybrids 5.
cerima X B, Nagella present 105+ 17; chromosomes in their heterotype
metaphase.  Thus I can say now on the basis of actual observations
that the synaptic union occurs in ten pairs of chromosomes, and never
in the remaining ones. I might further say that only those of cernua
and Nupella having a strong affinity to chinensis ones make synaptic
union between them, when brought together by means of hybridization.
The behaviour of bivalent and univalent chremosomes throughout the
meiotic process is entircly similar to that observed in the interspecific
Brassica hybrids reported in my previous papers {4, 5, 6). In short,
the hybrid also belongs to the Filosella type, and approximates the
Drosera type. The samme kind of chromosomal behaviour has also been
observed in the hybrid of Tiztecum viigare and Aegilops cylindrica (7, 2).
The facts described in my previous papers and in the present one
suggest the hypothesis that there are three dissimilar chromosomal sets,
namely a, with ten chromosomes, b, with eight chromosomes, and cf,
with nine chromosomes, and that there is no affinity between chromo-
somes belonging to the different sets. Al species with ten chromo-
somes contain only the set a, and B, cormea and B. juncea® contain

= The reduction division is carriedd normally in the T, hybrid of B. cornue and 5.

Junceo.



Interspecific Hybridization in Brasgea. 111 208

the sct a and b, while B Napella contains the set a and ¢’.  If 7.
Nagelle is derived from the I\'chltm'ranean species B. napus, the latter
should contain the set a and ¢, where ¢ is composed of eight chromo-
somes similar to those in ¢, but dissimilar 1o those in b which is found
in Asiatic B. cermra with eighteen chromosomes.  The chromescme
complements in . sleracea and in Raplanus sativus are both composed
of nine chremosomes, but they probably belong to scts entirely different

Frmga o 1Y i P 5§ el Bk
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r between the J\u[/fttfﬁtﬁs set
chromosomes and the chromosomes belong to the sct a or b (1). The

oferacea-set 1s now under investigation.
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EXPLANATION OF PLATES 6-7

All Agures in plate £ were drawn at a level lower than the table
with the aid of Abbe's camera under a Zeiss apochromatic objective
1.5 mm. and compensation ocular I8, magnification 3,000. The original
drawings have been reduced to two thirds the criginal size.

Yig. 1. Heterotype metaphase showing 1o bivalents and 17 maivalents,

Figs. 2, 3. Heterotype anaphase, most univalents are located near poles.

Fig. 4. Heterotyps anaphase, most univalents are located near equator.

Iig, 5. Interphase showing two daughter nuclel liaving 19 and 20 chromesomes res-
pectively, and a split univalent out of nuclei.
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T'ig. 6. Iomotype metaphase showing 18 and 20 chromosomes in each plate.
Fig. 7. Homotype anaphase showing its regular type of division.
Fig. 8. An abnormal ccll in heterotype ;nemphasc having supernumerary chromosomes.

All photographs in plate 7 were taken by “ Phoku” using Zeiss
apochromatic objective 1.5 mm. and negative lens I.. All of them were
enlarged 3.5 times in printing.

Figs. g, 10. Tleterolype metaphase. Yig. ¢ is same cell as Fig. 1.

Figs. 11, 13. Ileterotype anaphase, same cells as Fig. 2 and 3 respectively,

Figs. 12. Ileterotype anaphasc, same cell as Fig. 4; a at middle focus, b at upper
focus and ¢ at lower focns,

Fig. 14, 15. Homoiype melaphase. Fig. 15 is same cell as Fig. 6.

Fig. 16, Homotype anaphase, same cell as Lig. 7.
ig. 17. Abnormal helerotype metaphase, same cell as Fig. &.
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