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DIFFERENT
anomalies in reduction and somatic divisions which

may lead to polyploidy have already been sufficiently described
in literature. Nevertheless, the origin of polyploid forms, even of those
which have appeared under experimental conditions, remains in most
of the cases unexplained. We are not only compelled to confine our
selves to more or less probable conjectures as to the origin of the tetra
ploid Oenothera, Primula, Solanum, Datura, but even in those cases
where the polyploids were obtained as a direct result of hybridisation,
when it would seem easier to follow them, in statu nascendi, the pro
cess of the multiplication of the chromosomes remains obscure.
CLAUSEN and GOODSPEED (1925) have described 36 (n) chromosome
hybrids from crosses of Nicoticinci glutiriosa (n = 12) >< N. tczbocum
(n=24). These hybrids originated from the seeds of one F1 plant,
which partly showed fertility. The authors are of the opinion that
already this F1 plant was hexaploid, i. e. had 36 chromosomes 1 and
smust have arisen from a doubling of the chromosome numbers im
mediately or soon after fertilization>, but neither the number of chro
mosomes of this plant nor the character of its reduction division were
determined.

In another paper by TSCHERMAK and BLEIER (1926) on the fertile
hybrids £gilops (n = 14) X Triticum (n = 14) a still more remote ge
neration is made the object of cytological investigation. The authors
say: >>Die beiden fertilen £gilotricumbastarde, A. ovata)< T. dicoccoi
des und A. ovata>< T. durum zeigen 28 Chromosomen als haploide
Chromosomenzahl in den untersuchten F5 und F6 Pflanzen. Es war
also eine Verdoppelung der Chromosomenzahl eingetreten und zwar
wahrscheinlich in der Weise, dass alle rf2gilops- und Triticum-Chromo-






CLAUSEN and GOODSPEED call their 36 chromosome plants tetraploidals, but
we prefer to apply to them the term hexaploidal, calling N. glutinosa a diploid
species and N. tabacum a tetraploid one.



somen doppelt vorhanden sindl. When, where and how the doubling
of the chromosome complex here took place is not known.

Properly speaking, only in the experiments of the brothers MAR-
CHAL (1907-11), and WETTSTEIN (1924) with mosses it is quite clear
how the number of chromosomes multiplied, but this process is based on
the alternation of gametophytes with sporophytes, which is wanting in
the higher plants.

There is no doubt that the multiplication of the chromosome com
plex may take place in different ways, but unity of >place, time and
action)> are here out of the question. We must now endeavour to
establish not only the fact of the multiplication of the chromosome
complex, in studying an individual case of production of polyploids,
but also get an insight into how it took place. Only when data have
accumulated may we hope to approach the processes underlying poly
ploidy in the natural species closely and trace the nearest way to the
purposive production of polyploids.

These were the considerations which guided us in our investiga-
tions of the polyploid hybrids of Raphanus sativus X Brassica oleracea.

Having obtained them over a year ago, we first of all turned to the
question of how they might have arisen; we have now succeeded in
obtaining quite concrete data in this direction. The whole matter has
been studied up to the formation of polyploid gametes in the F1 of our
hybrids. These latter were obtained in the number of 123 specimens
as early as 1922 at the Plant Breeding Station of the Agricultural Aca
demy in Moscow and described in the Journal of Genetics (KARPE
CHENKO 1924). In the first year of their vegetation these hybrids pro
duced no seeds.

In the second year the hybrids were transplanted partly to
the Plant Breeding Station of Gribovo near Moscow and partly to
the Agricultural Academy. On the first of the plots, at Gribovo,
the hybrids were entirely isolated from Raphanus sativus, but
grew along with cabbage-plants; both of them blossomed at the same
time. The conditions of their growth were very favourable. On the
second plot, at Petrovsko-Rasumovskoe, the hybrids were not isolated
either from Brassica oleracea or Raphanus sativus and grew under
less favourable conditions of culture.

At the end of the summer there were found plants with seeds
resulting from natural pollination, in the first, as well as in the second
plot. 19 plants showed partial fertility and these yielded together 821
seeds; from these seeds in 1925 452 plants resulted, the majority of



which proved morphologically quite identical with the F1, while part
of them - almost all the plants coming from Petrovsko-Rasumovskoe
-showed an intermediate character between the F1 and Rapharius.
Moreover several plants distinguished themselves by some disharmony
in growth, reduced development and other peculiarities. Cytological in
vestigation showed, that in the plants identical with the F1, the somatic
number of chromosomes proved to be not 18, as in the F1, but 36, and
sometimes 37-38; the plants morphologically intermediate between the
F1 and Raphanus had 27 chromosomes, while those with somewhat
reduced development and other peculiarities had either 45 or about
45, or near 54 chromosomes, i. e. they were according to WINKLER'S

(1916) terminology penta-, hypopenta- and hypohexaploids . Thanks
to the assistance of our collaborators A. N. LUTKOV, 0. N. SOROKINA
and S. A. SHTCHAVINSKAIA the somatic number of chromosomes was in
vestigated in the roots of 301 plants. The exceptional results of this
analysis are given in two tables: in the first of them the data of the
plants from the plot isolated from Raphanus sativus are collected and
in the second the data of the hybrids obtained on the plot not isolated
from Raphanus.





TABLE 1. Results of the cytological investigation of the plants obtained
from	 the F1 hybrids of Raphanus .sativus X Brassica oleracea, culti

vated isolated from Raphanus, but along with Brassica.







-o_ o oa . Number of chromosomes found (2n)
0 P. and in how many plants

0,0 V a.

a ,
E0 Ea E 27 36 36-37 36-38 38 I 51 51-53

Z Z =0 Z b
.

a chrom. chrom. chrom. chrom. chrom.I chrom. chrom.

4223 56 24 10 - 9 - - 1 - -
73 58 30 23 - 22 - I - - -
7224 189 143 108 1 97 3 2 2 1 2

12228 172 71 47 - 47 - - -- - -
13227 124 86 37 - 35 1 1 - - -
132210 13 7 3 - 3 - - - -
6 p1. 612 361 I 228 1 213 4 4 3 1 2






These tables plainly show, that the fertile gametes of our hybrids
are those with 18 or 18 + one, two chromosomes and the gametes with





1 The term polyploidy is here and throughout applied in a purely arithmetical
sense.



36 or 36 minus 1-4 chromosomes. The triploids and pentaploids
apparently arose from back crosses of the F, with Raphanus scitivus
because they occurred only on the second plot. The only triploid
arisen at Gribovo (the first plot) differed morphologically from the
other triploids, and the investigation of its progeny in this summer
suggested the idea that it arose from a chance cross of the F1 with
Raphanus raphanistrum, since the characters of the latter obviously
appear in the progeny of this plant'.

TABLE 2. Results of the cytological investigation of the plants obtained
from the F1 hybrids of Raphanus sativus >< Brassica oleracea, culti

vated without being isolated from either Raphanus sativus or
Brassica oleracea.





Number of chromosomes found (2n)
and in how many plants

I I27 27-28 29 36 36-3840-42 45 51-53
Z Z Z t chrom. chrom. chrom. chrom. chrom. chrom. chrom. chrom.

2223 2 - - - - - - - - -

3222 4 1 1 1 - - - - - - -

12221 15 6 3 - - - 2 1 - -

12226 2 2 1 - - - 1 - - - -

14224 4 2 - - - - - - -

14225 37 14 12 10 - - 2 - - - -

15221 1 - - - - - - - - - -

15223 10 6 5 5 - - - - - -

17221 72 39 34 29 1 1 - - 1 1 1
17225 - - - - - - -: - - - -

21221 33 11 9 9 - - - - - - -

21222 26 8 6 6 - - - - - - -

25224 2 2 2 1 - - -- - - 1

13 p1. 209 91 73 1 61 1 1 5 1 1 1 2





Crosses with cabbage did not take place. Not a single triploid
and pentaploid plant showed an increase of cabbage characters in
comparison with the F,. A detailed survey of our polyploids will be

It ought to be. mentioned that from Gribovo at the beginning of our investi

gations was also found a plant with 18 chromosomes (2n). This plant was
lost, so that at the verifying of the count we could profit only from the slides

originally made from it, in which were found 36 chromosomes in the roots and 18
bivalents in the reduction division. As we hope, the following investigations will
explain the matter.



given in another place; here we confine ourselves to the reproduction
of two photographs of the leaf rosettes of a tetraploid and a triploid
(figs. 40-41, p. 366) and of a drawing of their pods (fig. 39, p. 365).
In the triploids (and in a minor degree also in the pentaploids) the
bivalved part of the pod is reduced in a remarkable way corresponding
to the ratio of the parental chromosomes in these plants: thus if in
a diploid we have 9 chromosomes of Rapharius and 9 of Brassica, in
a tetraploid similarly 18 chromosomes of Raphanus and 18 of Brassica,
and in a triploid 18 chromosomes of Raphanus and 9 of Brassica. In the
diploids and tetraploids the bivalved and non dehiscent part of the pod
are equally developed, while in triploids the non dehiscent part of
the pod characteristic of Raphanus - the >>Stylarglied> - is more
strongly developed and its relation to the bivalved part is not in
frequently 2 : 1.

The hexaploid plants are in their pods almost identical with the
tetraploids, which indicates that these plants have not arisen from
triploid zygotes by a doubling of their chromosome complex, but from
a fusion of tetraploid gametes with diploid ones. A positive testimony
to this is the presence of pentaploids, as well as the fact that our hexa
ploids are only hypohexaploids, plants possessing 1-3 less chromoso
mes than the due number of 54. Supposing these hypohexaploids to
arise from a triploid zygote, we must, besides the doubling of chromo
somes, also assume an elimination of a part of them, which is very im
probable. So it is quite clear that our F1 plants produce 18 chromo
some gametes and sometimes even gametes with 36 or about 36 chro
mosomes.

If we possessed among the F1 hybrids several completely or par
tially fertile plants, while the rest of them were quite sterile, these
few F1 plants might be supposed to be already tetraploids, all the
more since our real tetraploids are actually fertile. But, as shown
by the tables, even the greatest number of seeds gathered from one
plant - 189 - (a quite inadequate number for a normal Raphcznus,
Brassica or tetraploid) cannot be considered as a high one, and, what
is most important, other plants yielded only very few seeds. Thus
there exists no sharp limit between fertile and sterile hybrids and
therefore the probability of the advanced supposition is very slight.
On the other hand, it might be supposed that some of the branches
of the hybrids which carry pods containing seeds are tetraploids, while
all the other diploid branches are sterile. This is just the case with
Primula kewerzsis, as Mr. W. C. F. NEWTON kindly informed me. But



our hybrids carried pods usually with 1-2 seeds on very different
branches of the plants and there were not observed any peculiar diffe
rences in fertility between them, so that the second supposition also
appears rather improbable.

Nevertheless, we subjected our partially fertile F1 plants to cyto
logical investigation and found in these 18 chromosomes in the somatic
cells, just as in the sterile F1 in the first year of vegetation. It
follows that doubling of the chromosome complex takes place not in






Fig. 1-6. Division in the pollen mother cells in the Fi hybrids of Raphanus x
Brassica. - Fig. 1. Metaphase of the 1st division, 18 univalents. - Fig. 2-3.
Anaphases of the 1st division. - Fig. 4-6. Telophases of the 1st division with the

formation of one nucleus.

the soma, but in the reduction division of the F1 of our hybrids. We
described this division rather in detail in 1924. The 9 radish chro
mosomes and 9 cabbage chromosomes do not conjugate with each
other, and in the diakinesis and the metaphases of the 1st division
all the 18 univalents are seen (v. fig. 1). These univalents usually
distribute themselves unequally at the poles without splitting (fig. 2), so
that the daughter nuclei often receive different numbers of chrmo
somes. At the second division the univalents split; the distribution of
the split chromosomes again proceeds without sufficient equality.
Instead of tetrads there often arise groups with a different number







of cells up to 7. In the overwhelming majority of cases the young
cells degenerate, but some of them develop and reach full maturity.
In the embryosac mother cell we once observed a quite regular
metaphase with bivalent chromosomes, but we did not succeed in

corroborating it on the other slides. From the results of the cyto
logical examination of the second generation of our hybrids their
reduction division may be considered to proceed alike in both sexes.

The described scheme of reduction division typical of our hy
brids leads to the formation of gametes having a varying chromosome

complex, but most frequently the number of chromosomes amounts to 9.
From a consideration of the results of the cytological investigation

of the second generation it follows, that these gametes of the F1 do not

play any rOle in the production of the offspring, being apparently non
viable or not able to support competition with the diploid and tetra

ploid gametes in fertilization. Only the gametes possessing the entire

haploid sets of both parents or even twice their number appear among
our hybrids to be able to produce offspring.

But how do these gametes of 18 and 36 chromosomes originate?
Having investigated a great number of buds of old fixation, as

well as buds fixed in 1924, which were taken from partly fertile

F1 hybrids, we succeeded in tracing the process leading to the forma
lion of the gametes just mentioned. Since the reduction division begins
at the bottom of the pollen sac and progressively and uniformly
seizes its upper cells, it is not very difficult to trace the succession of
the anomalies in the division. The surrounding cells 'ith the normal
behaviour of chromosomes in our hybrids served as a good control for

ascertaining which of the stages we were dealing with, and hence which
had preceeded and which was to follow.

The peculiarity which leads to the formation of 18 chromosome

gametes was noted by us as early as 1924. We wrote then: >in isolated

cases it was observed that the chromosomes in the first division did not

separate at all forming one large nucleus>>. Further, in the description of

the second division it was pointed out that >>in a few cases a partial
fusion of the two spindles into one was observed. It seems possible
that the division of chromosomes that did not separate during the

first division proceeds in this way>> '. By a repeated investigation we

succeeded in establishing with certainty the succession of the pheno
mena in the first and second divisions and in ascertaining that it is





Russian text of the paper. Journal f. landw. Wissenschaft. No. 5-6. 1924.



these that lead to the production of polyploids in our hybrids. The
production of 18 chromosome gametes, therefore, proceeds as follows.
Owing apparently to a feeble development of the spindle in some pollen
mother cells, the univaleiits do not distribute themselves between the
poles in the anaphase of the first division and fail consequently to
form two nuclei, all of them being instead included in one nucleus
again (fig. 5, 6); sometimes one or two chromosomes do not get into
this nucleus and keep lying in the plasm separately (fig. 4). In this






Fig. 7-12. Division in the pollen mother cells of the F1 hybrids of Raphanus x
Brassica. - Fig.	 7-8. Metaphases of the 2nd division with 1 large spindle.

	

Fig. 9-12. Anaphases of the same division.

case the metaphase of the second division has the aspect reproduced
in fig. 7, while in the first case the whole nucleus in the second division
has turned into one large spindle, where the univalents split lengthwise,
so that in the anaphase there often may be counted all the 36 chromo
somes (v. fig. 8, 9, 10). These chromosomes separate, moving towards
the poles, and form 2 nuclei with about 18 chromosomes in each of
them (fig. 12). The dyads formed in this way do not undergo any
more division and develop directly into two pollen grains, which there
fore have the somatic number of chromosomes. This is explained by
the scheme I.

According to BELLING'S (1925) terminology we have here a







doubling of the chromosome complex as a result of non-conjunction
plus non-reduction, i. e. the omission of the first division. The
described reduction division in hybrids of Raphanus X Brassica was
observed by ROSENBERG (1917) in Hieracium kevigaturn and kicerurn,
who termed it semi-heterotypic division (in German >halbheterotypische
Teilung>). The described formation of gametes with a somatic num
ber of chromosomes were also observed by ROSENBERG in Hieracium.
The author says: Eine Abänderung der halbheterotypischen Teilung,





Scheme I. Division in the pollen mother cells in F1 hybrids of Raphanus X Brassica.
- A. Usual course of the division. - B. Formation of diploid gametes.

die mehr selten vorkommt, besteht darin, dass die Spindelfigur zurück
geht, ehe die Chromosomen an die Pole gelangt sind und die ganze
Chromosomengarnitur umgiebt sich wieder mit einer Membran und
geht ins Ruhestadium, urn später die homotypische Teilung zu vollen
den. The alteration of the semi -heterotypic division, which leads to
the production of gametes with a somatic number of chromosomes
when the passage of >der P. M. Z.-Kern aus der Diakinese direkt ohne
Spindelbildung, durch em Kontraktionsstadium, in die Interkinese>> is
completed, frequently seen in Hieracium, is not observed in our hybrids.







The data of the cytological investigation of the F2 of our hybrids
show, that some of the plants have not 36, but 37-38 chromosomes
(2n), just as in hack crosses of the F1 with Rapliarius the plants have
28-29 chromosomes. This speaks in favour of the fact that part of
the gametes of the F1 had 19 or 20 chromosomes, i. e. that they had
a number of chromosomes exceeding the somatic one. Considering the
inequality in the distribution of the 36 chromosomes in the described
peculiar anaphases of the second division (fig. 9, 10), this was bound
to be so.

A still greater number of gametes had no doubt a less number of
chromosomes than 18; besides the mentioned irregularities in the distri
bution, this result was brought about by the chromosomes remaining in
the anaphase and not getting into the daughter nuclei, nor even taking
part in the production of the pollen grains. But such gametes short
of the complete haploid set of both parents, were obviously incapaMe of
becoming realized in the offspring. A number of chromosomes exceeding
the somatic one in the gametes, may naturally result also from the phe
nomenon of non-conjunction with the nucleus remaining undivided at
the first division joined to a double splitting of some univalents, i. e.
a splitting at the first as well as at the second divisions. A careful exami
nation of the anaphases of the first division with regard to this question
leads to the conclusion, that it is possible to detect splitting univalents in
this stage of our hybrids, but this only very seldom and in incon
siderable numbers (v. fig. 3). Likewise in nuclei, which did not split
at the first division, there may be counted, but very rarely, more
than 18 chromosomes (fig. 6 -about 23 chromosomes). At the second
division the split univalents may again undergo splitting, which is
proved for instance by the anaphase represented in fig. 11; here there
are counted 46 chromosomes, of which some are just in the stage of
splitting, and some already correspond in their size to twice split
univalents. If this anaphase yields only 2 nuclei, as the distribution
of chromosomes shows, one of the nuclei may obtain a number of
chromosomes approaching that of tetraploids. But there is very little
probability that the tetraploid gametes in our hybrids arise in this way.

Such an origin of gametes with 36 or nearly 36 chromosomes in
volves double splitting of univalents in a large number of cells and at the
same time a formation of a very large number of gametes with a number
of chromosomes only slightly greater than the diploid. These gametes,
passing the necessary minimum - both haplonts, that of Rapliariizs
as well as that of Brassica, must have been fertile arid we ought to



detect at least some of the offspring; but this is no the case. It
is much more probable that in the hybrids of Rciplwnus Brassica
there takes place some other process which, too, is not frequent but
not so extremely exceptional, and which naturally leads to the forma
tion of tetraploid gametes. It is for instance imaginable, that the 36
chromosome anaphase, like the one represented in fig. 9, might some
times be followed by the formation, not of two but of one nucleus





Fig.	 13-17. Division in the binuclear pollen mother cells in the Fi hybrids of
Raphanus x Brassica. - Fig. 13. Stage of diakinesis. - Fig. 14. Anaphase of the
1st division with spindles posed into one. - Fig. 15. Telophase of the 1st division
with formation of one nucleus. - Fig. 16-17. Early and late anaphases of the

	

2nd division in cells, where the first division terminates by one nucleus.

containing all the 36 chromosomes, i. e. a process leading to the forma
tion of tetraploid monads in our hybrids, - but such a phenomenon
was not observed.

Instead, we were fortunate in tracing a series of consecutive stages
of another process which appears to play a principal role in the produc
tion of tetraploid gametes in hybrids of Raphanus X Brcissica. This pro
cess presents the following features. In the cells of the archesporium, at







the division preceding reduction division, a division of the nucleus
sometimes occurs without such of the cells. As a result there are
produced pollen mother cells with two nuclei each of them containing
18 chromosomes. Fig. 13 represents such a cell in the stage of
(liakinesis. The chromosomes in both nuclei remain non-conjuga
ting; at the first division both spindles fuse so that the anaphase
has the aspect represented in fig. 14. The mixed up univalents

form later on one nucleus,
i. e. the same process that al
ways takes place in the for
mation of diploid gametes
the first division is reduced to
nothing (fig. 15). In the se
cond division the univalents
split and their halves distri
bute themselves between two
poles (fig. 16 - the early, fig.
17 - the late anaphase). As
a result of such a distribution
there must, of course, in the
majority of cases arise dyads
with about 36 chromosomes in
each cell, and from the
dyads - gametes with the
same number of chromosomes.
Scheme II illustrates the de
scribed process.

But returning to figures
16 and 17, anaphases of the
second division, we wish to
point out, that the first of them
counts about 46 chromoso-

mes and the second about 78. If in the first anaphase, the early
one, the deficiency in the number of chromosomes is naturally explai
ned by the fact, that a great number of them has not yet split; their
size favours this opinion. In the second anaphase, the late one, the num
ber of chromosomes, exceeding 72, can be explained only by the assump
tion of a twofold splitting of some univalents, as was pointed out in the
case of the formation of diploid gametes. The irregular distribution of
chromosomes in the described anaphases, the lagging behind and loss of







some of them in the plasm, in the majority of cases naturally leads to the
formation in our hybrids not of tetraploid and hype rtetraploid gametes,
but only of hypotetraploid gametes with 33, 34. etc. chromosomes.
That in the offspring no gametes with still greater deviation in the
number of chromosomes from the tetraploid were found, is most
probably due to the very small number of investigated plants. But it
is also possible that sterility and competition of the pollen in fertiliza
tion are important factors; moreover, in the embryosac mother cell the
described formation of tetraploid gametes, if it takes place here,
probably proceeds in a more normal way.

Let us remark in conclusion, that if in the division preceding the
reduction in some cell of the archesporium the splitting of the chromo
somes would not be followed by the division of the nucleus, thus leading
to the formation of one syndiploid nucleus with 36 chromosomes, we
should immediately in the prophase of the reduction division in this cell
obtain a conjugation between the radish and cabbage homologous chro
mosomes with 18 bivalents in the metaphase of the first division, which
is actually observed in our tetraploid F2; in this case the division, unlike
the described one, would proceed normally and yield a tetrad with a di
ploid number of chromosomes in each cell.

Thus the usual course of the reduction division leads in the hybrids
of Raphanus X Brassica to the production of gametes with a varying
number of chromosomes, but which is near to that of the haploid;
diploid and tetraploid gametes arise only as a result of certain modi
fications in the process of division. But these latter occur only in the
offspring, as the gametes of the first kind are sterile.

It is not possible to ascertain with exactness how often diploid
gametes arise. The deviations in the process of reduction division which
lead to their formation appear in the same hybrids sometimes more fre
quently and sometimes more rarely. This gives the impression that
here the external conditions of the plant in the moment of fixation

play a certain role. The possibility of the influence of such external

agencies on the reduction is clearly indicated by the experimental in

vestigations of SAKAMURA (1920, 1926), BORGENSTAM (1922), BELLING

(1925), and MICHAELIS (1926).
Contributive to the formation of tetraploid gametes in our hybrids

was apparently the reduced vigour of the plants, since as already
mentioned, our F1 plants cultivated at Petrovsko-Rasumovskoe did not

enjoy sufficiently good soil and other conditions of culture, and con

sequently developed but feebly. It is easy to calculate that from these



Fig. 18-29. Division in the pollen mother cells in triploid hybrids (Raphanus x
Brassica) x Raphanus. - Fig. 18. Metaphase of the 1st division. -Fig. 19-21.
Anaphases of the 1st division. - Fig. 22-23. Interkinesis. - Fig. 24-26.
Metaphases of 2nd division with different numbers of chromosomes. - Fig. 27-28.

Anaphases of 2nd division. - Fig. 29. Tetrad.







plants we obtained pro 77 diploid gametes 4 tetraploid ones so that
the latter gametes in relation to the former ones amounted here to
5,19 p. C.





Fig. 30-38. Division in the pollen mother cells in triploid hybrids (Raphanus x
Brassica) x Raphanus. Fig. 30-31. Telophases of 1st division with formation of
one nucleus. -. Fig. 32-36.	 Metaphases of 2nd division with one spindle and
different number of chromosomes. - Fig. 37. Anaphase of the same division.

	

Fig. 38. Dyad.





Of the F1 plants the formation of
63 triploids took 63 diploid gametes
6 tetraploids >> 12
2 pentaploids 2 tetraploid gametes
2 hexaploids 1 2 diploid and 2 tetraploid gametes.







The hybrids from Grihovo, being under very favourable condi
tions of culture and well grown, yielded pro 452 diploid gametes only
3 tetraploid ones; the percentage of the latter is here 0,66.

But we hope to obtain more concrete data concerning the factors

influencing the process of reduction division in our hybrids from fur
ther special experiments in this direction. To learn how to increase





Scheme III. Division in the pollen	 mother cells in triploid hybrids (Raplianus x
Brassica) x Raphanus. - A. Usual course of division. - B. Formation of triploid

	

gametes.

arbitrarily the number of polyploid gametes, to learn how to pick
out the latter and to use them for crossing is a very alluring task.

The process of the doubling of the chromosome complex in the

gamete analogous to that described for the F1 may not only take place
in hybrids where lack of conjugation of chromosomes, feeble develop
ment of the spindle and other anomalies in the reduction division are met







Fig. 39. - A.
Pod of tetra

ploid plant.
- B. Pod of

triploid plant.
(Drawings

from nature.
x 2/3).

with. We have also established it in our tetraploids, which as a rule have
a quite normal reduction division with 18 hivalents; it takes place also in
our triploids and hexaploids. Fig. 18-20 illustrate, for instance, the
usual course of the reduction division in triploids and fig. 30-38 the mo
dification of this division leading to dyads with the somatic number of
chromosomts (in each cell). By way of explanation we will
only point out that the division proceeds here according to
the Drosem-scheme: in the metaphase of the first division
there are 9 hivalents (radish chromosomes) and 9 univalents
(cabbage chromosomes). These latter split in the cells from
the same pollen pouch sometimes partly, sometimes all of
them already at the first division, but often only at the
second one; as a result of this the numbers of chromosomes
in the metaphases of the second division are different.
Scheme III illustrates the usual process of the reduc
tion division in triploids, as well as its modification lea
ding to gametes with the somatic number of chromo
somes.

It is of importance to remark, that it is not so easy to
discover, in the offspring of the triploids, the formation of
gametes with a somatic number of chromosomes as in the
case of the F1; here gametes are fertile also with another
chromosome complex and since it is such gametes that com
pose the overwhelming majority these participate in the
first place in the production of the offspring. Our collabo
rator A. N. LUTKOV made a cytological investigation of 28
plants obtained from triploids under condition of free blossoming. The
results were as follows:





Number of chromosomes found (2n) 18 19 20 21 23 24

Number of plants 13 8 4 1 1 1




Thus, not a single gamete with 27 chromosomes could be found
here. But such a gamete might no doubt be obtained from our triploids,
very rarely indeed even from hexaploid plants, the success depending
merely on the scale of the work.

Among the offspring of tetraploids, as well as of hexaploids, it will
of course be possible to find plants with a new doubled chromosome

complex but only after the examination of a great number of plants.







Fig. 40. Young tetraploid plant. (Photogr. in spring 1925.)





Fig. 41. Young triploid plant. (Photogr. in spring 1925.)







The described production of gametes with the somatic number
of chromosomes occurs probably not seldom in nature in the most
various plants, but it leads to the production of polyploids only in the
most exceptional cases.

In the hybrids of the F1 of Rapharitis >< Brass icc the gametes
with the somatic complex of chromosomes produce in the F2, as has
been shown, tetraploid plants; these plants do not show segregation, and
this very fact provides a final corroboration of the correctness of
FEDERLEY'S views (1913) as to the cytological conditions of the con
stant intermediate inheritance. But this is not all. Having like the
F1 hybrids a pod of very peculiar structure, which characterizes them
as a distinct species, the tetraploid F2 hybrids acquire quite regular
reduction division, full fertility and, moreover, prove unable to cross
with one of their parents - Brassica. And it seems that we here

approach nearer than we ever did the experimental reproduction of
one of the processes in species-formation.





The present investigation has been partly made during my stay
abroad and I feel obliged to express in this place my deep gratitude to
Professor 0. WINGE (Copenhagen), Professor E. BAUR (Berlin) and to
the personnel of John Innes Horticultural Institution (London) for their

hospitality in placing at my disposal all the commodities in their
laboratories.





All the drawings in the present paper are made with the aid of an ABBE
apparatus on the level of a working table with ZEISS 2 mm. objective and a 15 mm.
eyepiece. Magnification 2300.

Fixative: 10 parts I % chromic acid (Cr03).
4 parts 40 % formalin (40 % of commercial formalin).
1 part glacial acetic acid.

For staining were used: iron hnmatoxylin (fig. 5-6, 8-9, 18-38), gentian
violet (fig. 1-4, 7, 10-17).
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