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INTERSPECIFIC HYBRIDIZATION IN BRASSrCA. Ill. TIlE 
CYTOLOGY OF F, HYBRID OF B. CERNUA AND 

B. NAPELLA' 

T oshitaro l\:10RIKAGA 

l i'o'TRODUCTION 

It ha, already been reported in my previous papers (4, 5) that 
when B. LYrapdla, characterized by nineteen chromosomes, is crossed 
\vith B . dtinensz:.s (or other allit:::d species ,"vith ten chro111osOlnes), ten 
bivalent and n.ine univalent. chrulIIusomes are found in the heterotypic 
division. I have also found that 'v'hen B. cenzua with eighteen chromo
somes i~ crossed with B, cnillellsts or other aUied species, ten bivalents 
and eight univalcnls are invariably observable in the heterotypic divi
sion (6). In both of t hese cases, as in the proto-type of Droscra-scheme 
hybrid, D. /oltgijolia x rotulld{ftJ!ia, the most natural explanation of the 

mode of synaptic union in the heterotypic division seems to me to be 
that the whole ten chromosome!; from onc parental derivation conjugate 
with an equal number of those of the other parental derivation, leaving 

t he surplus chromosomes as univalent." (a JlosYllapsis). If the ab ove 
assumption is correct, both B. Napella and B, cernua shuulcJ contain, 
in their reduced chromosome complements , ten chromosomes with strong 
affinity to those of clzinellsis or allied ~pecies. Thus when "we cross 
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B. ceY1llt(t and IJ. iVape/la we would expect the synaptic union between 
those ceYw{a- and .Aapdla-chromosomes, wh ich have strong affinity 

to those of cilincllsis, thus producing ten bi valents . Ko prophecy, 
however) will be made as to whether or not a ny of the rest of the 

cermul~ch rol1losomes find their synaptic mate:; among the remaining 
.lVapdla-chromosomes. 

From her extensive studies S ! NSK AIA (S) concludes that B. pckill 
ensis, B . clzilllmsis and B . llipposinica (B. japoJlica) , all of A sialic origin, 

are very clusely allied to Oll C another. B . jUllCt"a (B, cernua), though 

also of A siatic origin, he longs to a different g roup from the former; 
while B. napus, uriginating in the lVIeclit<.:rranean region, is a me:'nher 

of .cl s till a nother different g roup. B. l" apetla is a species rat her 
rec ently introduced to Japun proper throug h Chosen, and nothing is 

known about its origin. This species, however, external1y resembles 
B . 1Ul/JltS very closely, which fact suggests st rongly its origin in that 
species. 

Keeping the.o:.c points in mind, I examined the karyological features 
in tl:e Ft hybrid fJ. ccrm/a x E, }\lape!!a. The results obtained will 
be briefly described here. 

':\I ,\TER JALS A~D iUETHODS 

Though the F, hybrids of B . cerJlua and JJ. lVapc!la were nrst 

prop" gateci successfully in llly bboratory in 1925 (4), the cytological 
studies of the hybrids were left untouched until the spring of 19 28 , 
",Then I obtained newly seven F , hybrids of B . cernua x B. j\lape/ln. All 

t he seven F, plants g rew \:igorously, and sho'.ved an entire ly uniform 
appearance, more closely resemb ling l\1ape/la than cernlla . From these 
plants the root-tip was fixed in January-F ebruary with NA\YA.5 I-11N'S 

fi xat ive, and anthers were fixed in 1v1arch-April with either BOUl~'S or 
B.ENDA ' S solution. The methods used were in general the same as 

described in my previous papers. 

R£ St; LTS OF EXPERI:\1ENTS 

O n account of poor fi xat ion no exact count ing of somatic chromo

somes was possible, though .":thout thlrty -scven chromosomes were ob

served in all root-tip cells examined by mc. 
In the heterotypc metaphase of the pollen mother-cell, I invariably 

counted twenty-seven chro l1l osoil~esJ and I observed the formation of 
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ten gemini in the heterotype division. Actu~lIy ten biva1ent chromo
somes are easily discriminated from seventeen univalent ones, as the 

bivalents arrange themselves at the center of the equatorial plane, lea\'ing 
the univalents scattered in the surface layer of the spindle substance. 

The univaJents are occasionally found in the equatorial region, but are 

situated a lways outside the g roup of bivalent chromosomes (Figs. I, 9, 
10). The number of univalcnts in the equatorial l'cgion, or thereabout, 

differs g reatly in defferent flowers. The position of univalents in the 
surface layer of the spindle is well illustrated in the polar view of the 

cell, especially \, .. hen many of the univalents are situated at the same 

level (Text-fig. I). 
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Text-fig. I. A cell in heterotypc metaphase depicted at 3 different 

foci to show the position of univale nts and bivalents. I a, 5 univalents 
roughly in a ring (upper [OC lIS) . [b, to bivalent.:; in the equator (middle 

focu s), I c, 9 univalents at the same focus in a ring and. 3 uni va lents 
slightly upper or lower deviate some\vhat from the ring (lower focus). 

X 4 ,000. 
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Text-fig. 2. A cell ill heterotype anaphase depicted at 5 different 

foci to sho\v 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 univalent" (upper focus), 2C, 10 h,llves of bivalents 
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(lower focus). 2d, 9 univalcnts in a ring (Imver-most focus), 2e, 2 
univalents found in the next section. x 4,000. 

In the hetcrotype anaphase, the synaptic mates of all the bivalents 

(1isjoin from each other as in pure-bred species. 

fullowi1lg the other, are representee] in Figs. 2-3. 
Two stages, one 

In both of these 
cells most of the univalents arc found near the poles, "while in the cell 

clepicted in Pig. 4 most of them are situated near the equatorial region. 
This latter ~illlation is met with in flowers in \vhich a relatively high 

nUITlbtT of univalents are observed in or near the equatorial region in 

the mat;{phase. In either type of situation, the univalents keep their 

position, as in the metaphase, in the surface layer of the achromatic 

spindle (Fig. 4 and Text-fig. 2). The univalent.,:> far out of the equator 

rnove \dthout splitting to the nearer polf', 1l1timately joining the h;:llvf's 
of bi\·alcnts. l\To.st univalcnts near or in the equator uSllally shmv wide 
~p1i(, though tlle real distribution of the halves to the opposite poles is 

accomplished in only re lativc1y Cl few cases. Fig. 5 shO\vs a ceH in 
interkinesis; one daughter llucleus conlJ.ins nineteen chromosomcs, "\vhile 

the other contains twcnty; one split univalent is found in the cytoplasm. 

The double nature of some chromosomes is noticed in the figure. 

In the homotype metaphese, the chromosomes usually arrange thcm
~elves regularly in the equatorial plane (Fig. 6). From the l-esults of 

eighty-fimf metaphasic countings the following table, sh(Hving the fre
quency distribution of chromo.5ome number, ,vas compiled: 

Table I 

Frequency distribution of chromosome number In homotype metaphase. 

NumLcr of 
chrumosomes w " " I' , 14 '5 16 17 IS 19 '0 " " 2' , 24 2~ 26 27 Total 

Chrolllosomes 1 
in equatorial JO 0 0 
plane only 

0 3 4 1.\ '9 15 14 6 7 0 0 0 0 84 

All chromo-l 
somes on the JO 0 0 0 2 3 " '5 20 '3 9 3 0 0 0 0 84 
spindle 

Theoretical 0 0 0.' 04 1.5 4. 0 7·9 12·5 15·6 15.6 12·5 j.g 4,O I.j 04 0.1 0 0 

In thirteen cells I counted the number of chromosonles in both 

homotypic plates, and the results are presented in Table H. 

As sho\';n in Fig. 7, the homotype anaphase is carried out very 
regularly. The average number of lagging chromosomes in the late 

anaphase was only 0.9. In an exceptional cases, ho\vever, I counted 
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as many as six lagging chromosomes. \Vhen there are comparatively 
many laggards in onc homotype sp indle, a relatively large number of 
them are found also in its sister spind le of the same cell. This irre~ 

gularity seems to be connected with the behaviour of tl nivalents in the 
preceding division. The total chromosome number in a mother-cell in 
hUUJutYIJe i:l n Clp[) etsc is Clbout l\\!ke tlJ irty-se\.<en. 

Table n. 

Number of chromosomes in homotype metaphase. 

~--,. .. -- -

J Sp ind le I. ::-;pindlc 11. 

QUI of spindl e T otal 
On cquaLoriul I Out u f cqua- On crpHu orial Oulof er}l:~-

plale 

17 

If, 

23 

- -
17 

14 

'9 

IS 

[6 

[7 

'7 

, 8 

[7 

Ave rage 
17·9 

,. 
phase I 

I 
t.ori3\ p lat e p late tor ial plate 

._ - -
1 19 0 0 37 

0 '0 0 0 JD 

0 '4 0 0 37 

0 14 " 0 36 :> 
! 

0 "" 0 0 37 

1 i z , 0 1 19 

0 IS , 0 38 

0 19 0 0 37 

3 zo 1 0 40 

0 19 , 0 37 

, ,8 0 0 36 ? 

0 I :'; , 0 37 

0 20 0 0 37 
..•.. - .... .. _ . . ---- .- ----- - -----
i I 

I 0·5 I ~;·5 0·5 0. ' 37·4 

so"m lRREGtiL.-\RlTI ES OBSERVEU 

In a certain locule containing mother-cells in heterotype meta
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 Brassica may warrant the description here. In the horticul

tural variety of B. Raja, "Keya-kabu," I found a group of a few 
pollen mother-cells markedly larger than the normal ones. Such large 
mother-cells possess supernumerar:r chromosomes, 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 
pollcn mother-cells. 

2. Three equatorial plates instead of two in the homotype meta

phase were observed once in this study. shmving an irregularity \\.,hich 
is of rare occurrence. 

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

GENEKAL REMARKS 

From the foregoing description it is clear that the FI hybrids B. 
cerlllta x B. lvl/pella present 1011+ I/r chromosomes in their heterotype 
metaphase. Thus I can say no\\' 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 arlllta 

amI iVapel/a 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 chromosomes throughout the 
meiotic process is entirely 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 Pilosella type, and approximates the 

Drosera type. The same kind of chromosomal behaviour has also been 
observed in the hybrid of Triticum vulgare and Aegilops cylilldrica (7, 2). 
The facts described in my previous papers and in the prescnt one 
suggest the hypothesis that there arc three dissimilar chromosomal sets, 

namely a, "with ten chromosomes, b, \viLh eight chromosomes, and c', 

\\lith nine chromosomes, and tha.t there is no affinity behvecn chromo

somes belonging to the different sets. All species "\vith ten chromo

somes contain only the set a, and B. Ct'rllua and B. jUllcea 2 contain 

The redl1ction division is carried normally in the F, hybrid of B. {"nil/cl and B. 

jU1U<'I1. 
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the set a and b, ,vhile B. lv'apel/a contains the set a and Cf. If B. 
i.\.Tapella IS deriveu from the I\Tediterranean species B. nafus, the latter 

shoulu contain the set a and c, wl:ere c is composed of eight chromo
somes similar to those in c') but di",.sinjlar tn tho.':"c in b which is found 

in Asiatic B. CCrJllItl with eighteen chromosomes. 

complements in Jj. o/crao:'fl and in Rapltamls .wtizJUs 

The chromosome 

are both con~posed 
of nine chromosomes, but they prcbably belong to sets entirely different 

from each other (3, r). There is no affinity between the Ra/JliaJiiiS-set 
chromosomes and the chromosomes belong to the set a or b (I). The 
o/eracc(l-set is now under investigation. 

Plant-Breeding Laboratcry, 
K:yushu Imperial University. 

LlTERATCRE CITED 

L FUKUSi/I.\IA, E., 1929 Preliminary H.cport on Bm.ui,-o-i?rrjhmwJ Hybrids. Proc. uf lmp. 

Aca.d. 5: 48-50. 

On the gcnus 

3· KAlcPECHENKO., G.D., 19::Q. Hybrids of Q .Rajkmu; sati,/l/S L. X (; Bn!sn'ra d eracra L. 

Jonrn. of Ccnetics 14:375.396. 

4- ::\lUR1KA(i:\, T., 1828. Preliminary Note on Interspeci{ic Hybridization in Bmss/m. Proc. 

of Imp. Acacl. 4: 6~0-6:!2. 

5 --, 192'')· Inlerspccific Hybriui~ation in B;-trrsir.1 1. The: cytology of F, hybrids of 

B .• "'"a/elf" and nuious other spe:cics wilh 10 chrolUosome.~. (in press). 

G. --, I~)29. Jnlcr~pccific ITyLridiralion in Bras,(i '"i/ n. The cytology of F, hybrid~ of 

B c'i"l'lUlil and rarious other species with IQ c1lTOIT,QSOlllCS. Jop. Journ. of Bot. 4:277-289. 

7. SAX, K and IT. J. SA'\., J9~4. CllTcn:')some Bellavior in a Genu." Cross. Genctics 

9 :454464. 

EXPLA:\ATWN OF PLATES 6 - 7 

All figures in plate C 'vere drawn at a level lower than the table 
1vith the aid of Abbe's camera under a Zeiss apochromatic objective 

1.5 mm. and compensation ocular 18, magnification J ,000. The original 
drawings have been reduced to t,\,·o thirds the original size. 

Fig. I. Hetcrotypc mdnpllnse showing- 10 Livalcnts and 17 univalcuts. 

Figs. 2, 3. Hetcrotype anaphase, most univalcnts are located near p,-:,les. 

Fig. 4. HeteTCJtyp:: anap}\a;;c, Illost univalents are located ncar equator. 

Fig, S. Interphase showing two daughter nudei having 19 and 20 chromosomes res

pectively, and a split tmivalcnt out of nuclei. 
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Fi ~. 6. Homotype metaphase showing IS and :20 chrolT.osomcs in each plate. 

Fig. 7. Homotype anaphase showing its regular type of division. 

Fig. S. An abnormal cell in heterotype 1~et .:tph~5e haYing supernumerary chromosomes. 

All photographs in plate 7 were taken by "Phoku" using Zdss 
apochromatic objective 1.5 mm. and negative lens L. AU of them were 
enlarged 3.5 times in printing. 

F igS. 9. 10. JIeterolype metaphase. )O·ig. 9 is same cell as Fig. I. 

Fig$. Il. I:;. IIe!erotype :u~aph:!.~e, same ce ll s :!os Fig:. ~ and 3 re~pect;n!!y . 

Figs. 12. Ilelerotypc anaphase. same cell :1.<; Fig. 4; a at middle focus, u at upper 

(ocus and c a t lower focus. 

F ig. 14, Ij. H omotype metaphase. Fig. I S is some cell as Fig. 6. 

Fig. 10. Homotype anaphast!, same cell as Fig. 7. 

Fig. 17. Ah non nal heterotype metaphase. same cell :IS Fig. K 
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