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A resemblance hetween the arrangement of floating magnets in a
magnetic field and that of the chromosomes in the equatorial plate, has
been pointed out by R.S. Lirue (1905) and illustrated by H. G. Cannox
(1923). But this resemblance seems to be found, as pointed out by
I.. DoncastERr (1920), only when all the chromosomes are practically
of the same size and shape; and therefore, it is a matter of interest to
make closer investigations into cases, where one or more of the chromo-
somes are of different sizes from the others.

In the heterotype mataphase in pollen mother cells of Sagliura
Agrnashz, MAkmo, and Lythrum salicarma 1. var, vulgare, DC., subvar.
genurna, KoenNE, there is found one large chromosomal element among
the others though it is not always in the latter plant. This fact led the
writer to investigations into the arrangement of chromosomes in the

nuclear plate in pollen mother cells of these plants.
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A. OBSERVATION OF THE MEIOTIC DIVISION IN POLLEN
MOTHER CELLS OF Sag#ttaria Agimashi, MAKINOD.

TFor fixing material, Bouw’s solution, the Bonn modification of
FrLEMMING'S, and FLEMMING'S stronger solutions were employed, a previous
treatment with Carnoy's fluid for a few minutes having been applied.
Of these fixatives, the last one gave the best results.

Sections  were made generally 1o-14 g thick, and stained with

HeipENraN's hacmatoxylin.

The Number and the Size of Chromosomes.

The number of double chromosomes in the heterotype metaphase
of this plant are eleven, while in some other species of Sagetfari the
diploid chromosome number has been reported by W. R. Tavroxr (1923)
to be about twenty and by N. Nawa (1928) just twenty.

In Sagittarie Aginashe, some variations in the shape of the chromo-
somes, are recognizable already in the late diakinesis. When they are
viewed from the pole in the metaphase, we can usually distinguish one
large and one small chromosome from the remaining nine. (Fig. 1). The
former represents itself as 8-, a long rod or various other shapes, while
in the side view, it often comes out as a tangential ring tetrad with the
non-terminal spindle fiber attachment as frequently reported in insects.
(Fig. 2). In the anaphase, its scparating halves present a double V-
shape. (Tfig. 3). We designate this large chromosome the “ A7-chromo-
some” in the present paper. The small one which is designated here
as the “‘ a~chromosome,” presents already in the metaphase a longitudinal
split for the homotype division which is usually somewhat obscure in
the polar view. The chromosome can be discriminated from the other
chromosomes by its short rod-like or spherical form, though sometimes

it is hardly distinguishable from some other small elements. The other

1 Closer descriptions of the observations made in the meiotic divisions in this plant will

be given in another paper.
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nine chromosomes usually appear as horizontal rings or V-shaped tetrads
as shown in Fig. 1.

In the early heterotype anaphase, when the univalent components
of bivalents begin to migrate towards the poles, it is often noticeable
that in one or two of these univalents, the halves due to the longitudinal
split are entirely separated from, but remain near cach other, as reported
by W.R. TavrLor (1924) in Gastersz. In Fig. 4, this peculiar behaviour
of the A/chromosome is shown. Idere the halves are so distinctly
separated from each other that they may be counted as two independent
chromosomes.

It must be added here that separation of the univalent components
of the bivalents towards the poles does not take place simultaneously
in all the gemini, and accordingly one or some remain still in the
equatorial region, while the others have already reached the poles.
(Fig. 5). It is left undecided whether or not only some definite gemini
show such a particular behaviour, but so far the present observations are

concerncd, it seems that any of the gemini may behave in this manner.

Arrangement of Chromosomes tn 1he
Hetervolvpe Melaphase.

In the polar view of the heterotype mataphase, the e-chromosomes
is usually found in the central pert of the chromosome arrangement,
while the A/~chromosome takes the peripheral position (Fig. 1). When
we consider the relative position of these two elements, we can expect
various kinds of configuration, of which only the following six cases are
considered in the present paper.

Case I. The cases where both the o and Af-chromosomes take
up their positions on the peripheral ring of the chromosome arrangement
(Text-fig. 1, a~d).

Case I7. The case where the AZ~chromosome is found on the
peripheral ring, while the a-chromosome takes up its position in the
central part of the configuration (Text-fig. 1, e-7).

Case I77. The case where the AZ~chromosome is placed inside the
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772 72

Test-fig. ¥ a-7. Polar views of heterotype metaphase of Swgrttaria dginashi, MAKINO,
showing various kinds of chromosome arrangement, corresponding to the various
cases given in Table TI. X 1800, )
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peripheral ring, while the a-chromosome is found on its circamference
(Text-fig. 1, 7 and £).

Case IV. The case where both the g~ and JA/-chromosomes take
up positions inside the ring of the arrangement (Text-fig. 1, /-72).

Case V. The case where the ¢~ or the A/-chromosomes takes up
an intermediate position between the central and the peripheral.

Case V1. The case where the g-chromosome can not be distinguished
from the other chromosomes distinctly.

The numerical results obtained are given in Tables I and II, being
classified into these six different cases. In Table I, cases where one
or more of the chromosomes are found below or ahove the nuclear plate
are grouped together, and in Table II, only cases where all the chromo-

somes are arranged in the nuclear plate.

TasrLe I

Form of arrangement
Case Total
5-4 4 4-3 3 3-2 2 2-1 I

1 1 o 1 8 I [ 0 I 18
IX 0 3 0 22 6 7 [¢] o] 44
I o o] o] o] o 0 o o] o)
v [¢] o] 1 o 1 o] o 0 2
Ay 0 0 2 1 3 o o ) 6
VI ¢] 1 I i 1 2 o o 6
Total 1 4 I 32 12 15 0 1 76
Percentage 1.3 5.3 14.5 42,1 15.8 19.7 o 1.3 100

DIn this and all the following tables, the forms of arrangement are represented by a
single figure or two figures comnected with a dash, which correspond to the number of chromo-
somes inside the ring of arrangement. The notation 4-3, for instance, indicates a case where
the number of chromosomes occupying inner positions, may be counted as beingz either 4 or 3,
according to different views of interpreting the arrangement configuration, and the letters in
brackets indicate drawings marked with the corresponding letters in the Text-figures,

»
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TaprLe IL
(Comp, Text-fig. 1 a—an)

Form of arrangement
Case : Total
54 4 4-3 3 3-2 2 2-1 I

1 o) 0 o] i4{a) () 6{} o] id)y 25

11 I 16{e) 18(/) 103(g) 16LF)  8(#) o} o} 164

1 o 0 7 I I 3(4) o o] 6

v o 0 1y 6w} o} 4(72) o o 11

Y 0 o] n o 9 1 o 0 17

VI I 6 7 (3 3 5 I I 39

Total 2 22 34 141 33 25 1 2 262
Precentage 0.7 8.4 12.9 338 12,5 10.3 04 07 99.7

In both Tables T and II, we see that the configurations with three
chromosomes inside the peripheral ring of the arrangement are the most
numerous and that this tendency becomes more evident when the chromo-
somes arc all arranged in the nuclear plate (Text-fig. 1), the frequency
being here more than s0% of all the configurations observed.

According to Mizuxo (1916) and Cannox (19z3), when we have
eleven equally magnetised floating magnets, exposed in a magnetic field,
the number of magnets which occupy the inner positions of the arrange-
ment is always three in the stable form of arrangement. This and our
cytological results show that in .Sagrttaria, there is a marked resemblance
between the arrangement of the chromosomes and that of the floating
magnets, though in it we must bear in mind that there is a certain
disturbance in the arrangement which may be due to the unequal sizes
of the chromosomes.

In Tables T and II, we find another peculiarity in the arrangement
of the chromosomes, namely, the strikingly high frequency of configu-
rations grouped in Case II, where the large A/-chromosome takes up a

position on the peripheral ring and the small g-chromosome inside the
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ring of arrangement. To learn what is meant by this peculiarity, we
shall examine the results obtained for the four cases I, II, III, and IV
purely from the mathematical point of view. We assume, in the first
place, that any three chromosomes out of cleven have an equal chance
to occupy the central positions. Then, we shall have as manoy different
combinations of these chromosomes as yC;=165. If both the @ and
Ad-chromosomes always take the peripheral positions (Case I), the number
of such combinations will be ¢C;=84, and if cither of the a- (Case II)
or the A/chromosome (Case III) finds its position always in the peri-
pheral region of the arrangement, it will be (C,=36, and thirdly if
both the a- and AZ-chromosomes occupy the central positions (Case 1V),
it will amount to ¢C;==¢9. Now the cases having the larger number of
combinations should have a higher frequency value, and thus, on the
basis of the number of combinations expected we can calculate frequency
values for the four cases respectively, which amount in all to the total
observed number 156. In Table III, both these numbers, expected and

observed, are comparcd.
TasLe IIL

Cases Combinations Expected number | Obseived number
1 oCy=84 794 22
1T 2Co=36 34.0 127
x 2Co=36 34.0 1
v :C1=9 8.5 6
Total 1Cy=165 155.9 156

In this table we see that in cases where the a-chromosome takes
the peripheral position (Cases I and III), we have only 23 examples
while we can expect 113.4 of these cases. In the case where the e-
chromosomes enters into the central region of the arrangemect (Cascs
II and IV) we obtain, on the other hand, a far greater number (Case II)
of observel cases than, or nearly as large as the expected number

(Case IV).  This shows that the ae-chromosome has a very strong
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tendency to take the central position. In respect to the Jd/-chromosome,
we see a reverse of the matter.  Comparing the observed number for
Case III with the corresponding expected number, we learn that this
large chromosome very rarely takes a position inside the peripheral ring
of the arrangement, and when we compare further Case II with Case I1I,
we become more impressed by the fact that there is a remarkable contrast,
in the matter between the ¢~ and A~chromosomes. A similar tendency
in regard to the position of the @- and AZ~chromosomes is recognizable
to a greater or less extent in those cases, too, where the forms of arrange-
ment of the chromosomes do not resemble those of the floating magnets.
If we assume that there are normally several different forms of arrange-
ment in one organism, each being independent of the others, and that
each of Forms 4, 3 and 2 represents one of these forms, we may divide the
number of observed cases in Form 4~—3 into two groups proportionally
to the number of cases in Forms 4 and 3, and add one of the groups
to the number given under IForm 3 and the other group to Form 4,
regarding them as representing Form 3 and 4 respectively. The number
of cases in Form 3-2 is divided into two groups in the same manner,
and the corresponding groups are groupel together with the number
given under Forms 3 and 2 respectively. In Table IV, the numbers of
observed cases are grouped together in this manner, and the resulting

numbers are given under corresponding Forms.

Tapre IV.

Form 4 Form 3 Form 2z
Case Combi- Expccted‘Observed Combi- | ExpectedObserved| Combi- |Expected 0‘}):31"
nation number | ranmber | nation | number | number | nation | number )
. number
I oCy=126 9.0 0.5 oCy= 84/ 104.2 26.2 | Cp==306| 25.7 13.8
1I LCa=84 6.0 23.1 Nope= 36; 44.6 1676 | ,C;= 9 6.4 17.3
IIL | (Cy=84 6.0 o oCom= 36i 44.6 23 |,C,=9 6.4 3.8
IV | ,Cy=36 2.6 0 | C,= 9 112 8.6 1 0.7 4.4

Total | ,Cy=330 | 23.0 23.6  |,,C,=165 204.6 204.7 |,Cy=55] 39.2 30.3
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In this table too, we can notice that in all Forms 4, 3 and 2, Case
II occurs far more frequently than we expect, while Cases I and III
are less frequent.

If we leave out of consideration insufficiency in the number of cases
observed, we may conclude from Tables III and IV that the small a-
chromosome is found far more, and the large J/~chromosome far less

frequently in the central position of the arrangement, than we can expect.

Arrangement of Chromosonies i1 the
Homoeotype Anaphase.

In the homotype division, the chromosomes hecome more elongated
and show a special structure (FFig. 6), the report on which will be made
later in another paper. Whern they are arranged in the nuclear plate,
the longitudinal halves appear very clearly, usually only attached to cach
other at one point. Thus precise observation of the chromosome arrange-

ment was difficult. But when they move towards the poles, the observa-

y "
Qe &4
%jbo(oﬂ %Q:é

Text-Fig. 2 a—e. Polar views of homotype anaphase of Sag7ttarie showing various kinds
g Y ' 4

of configurations of chromosomes. Comp. Table V. X 1800.
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tion becomes ecasicr.  In the polar view, the Jdd~chromosome can be
distinguished from the others by its V-shape, usually being found on the
peripheral ring of arrangement, while the ag-chromosome, now being
longer and more slender, is hardly distinguishable from the other small
chromosomes.

In the anaphase, contrary to the case of the heterotype division,
we usualy find only one or two chromosomes instead of three in the

central region of arrangement as shown in Table V' (Comp. Text-fig.2).

TaBLE V.

(Comp. Text-hg. 2 a—c)

Form of arrangement
Total
4—3 3 3—2 2 21 I
Number of : . '
observed figures. 2) HO) Ha) 350e) 2(4) 14(0) or
Percentage. 3.2 6.5 6.5 573 3.2 22.9 90,6

In Table V, we find only four cases where three chromosomes occupy
the central positions, while there are 35 and 14 cases having two or
only one chromosome within respectively.  Comparing these data with
those of the heterotype division, in which we found cases conformable
with the arrangement of the floating magnets in so a high frequency
as 53.8%, we may conclude that in a homocotype division there is a
certain disturbance the attainment of such a state of chiromosome arrange-
ment as in the heterotype division. Although we do not know whether
such is a universal phenomenon or not, we find it very distinctly in
Sagrtlaria where the chromosomes arc by far greater in length in the
homotype division than in the heterotype division. In Zylhren where
the chromosomes are dumb-bell shaped both in the heterotype and in
the homotype division, we have not found such a difference in the mode

of -chromosome arrangement between these two divisions, as will be seen

in Table VII a.
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B. OBSERVATION OF THE MEIOTIC DIVISIONS IN POLLEN
MOTHER CELLS OF Lythruwm salicaria, var, vulgare,
DC., subvar. genuina, Kouneh.

In the heterotype metaphase of this plant, we have two sorts of
pollen mother cells, one with fifteen chromosomes®™ and the other with
only fourteen chromosomal clements, one of which consists of two
bivalent chromosomes joined end-to-cnd.

Materials were taken mainly from middie-styled plants and fixed in
various fixing fluids, of which Bouin’s and Nawascuiy’'s gave the best
results.

Scctions were cut in thicknesses varying from 7 to 13 ¢ and stained

with HemEeExnaiN's hacmatoxylin.

Formation and Behaviowur of the Tetraparicte

Chyromosone.

Before we eater on owr main subject, it may be nccessary to give
a brief description of the formation and behaviour of the tetrapartite
chromosome.

The end-to-end conjoining of chromoesomes in the metaphase has
been reported by various authors, in various plants.”  Among these, the
works of 1. Diany (1912) on Primade Kewensis (scedling form) and
H. Kmara (1927) on Remex and Oenothera, may cspecially be mention-
ed here. In the present observations, the tetrapartite (or quadrivalent)
chromosome complex is generally recognizable already in the late prophasc,
when the segmentation of the spireme has completely finished,  Gradual
condensation of it follows, then, to form at last a large ring, consisting
of four parts, although, it often comes out in other shapes such as shown

in ig. 7. In casce there is not found the tetrapartite chromosome, we

O Similar to Lythrum salicaria, 1., the flowers of this plant are trimorpho-heterostyled.

2 G. Tiscriuer (19i8) has reported the haploid number of chromosomes of L. salwaria,
I.. to be about 24.

D K. Mivake {1905), L. Dicsy {1912), A. B. Srour (1913}, H. Kitara and T. Oxo
(1923}, O. Hrwwsorn (i924), O. Srour {1927), H. Kitara (1928}, and others.
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count, in the diakinesis, distinctly fifteen bivalents as in Iiig. 8. They
can be arranged on a line according to their shapes and sizes to form
a graded series, but may be classified practically into three groups. Of
the fifteen chromosomes, three or four are ot: a ring shape, other four
of a dumb-bell shape, the remaining ones being V-, U-, or rod-shaped,

as shown in Fig. 8 and Text-fig. 3.
@ © J 6 & 0 6 ¢ 2 6 @ Y ] % %
)2 O © 6 & £& ¢ v & <+ »n 8

'foaeoc,éew,(l..
Text-fig, 3a-e. Three sets of diakinetic chromosomes taken from  three different pollen
mother cells, arranged in a line according to size and shape.
. Without the tetrapartite chromosome.
4. With the tetrapartite chromosome of ring shape.
e With the tetrapartite chromosome of I-shape. X 1800
In comparing Text-hg., 3 @ with 4 and ¢, cach of which repre-
sents a set of diakinetic chromosomes arranged in the way mentioned
above, the writer is driven to the view that some two of the dumb-bell
shaped bivalents in Text-fig. 3 @, have somectimes a certain affinity
between cacl other to conjoin end-to-end, and thus form a large tetra-
partite clement. O, Hewsory (1924) has also observed a similar
tendeney of two peculiar bivalent chromosomes to conjoin in Carex.
When the nuclear membrane disappears, contraction or aggregation of
all the chromosomes towards the contral part of the cell gradually follows,
(Fgs. g to 11). Idigs. 1o and 11, which were drawn from pollen mother
cells of the same loculus, show this process of contraction. Fig. 10
presents an carlier stage and Fig. 11 a later. It seems to be more
reasonable to regard this aggregation of chiromosomes as a consequence
of certain sudden physical or physico-cheimical changes in the protoplasm
due to, or accompanying the disappcarance of the nudear membrane,
than to regard it as being merely caused by inperfect fixation. As
cvidence supporting this view, it may be mentioned that the writer has
observed similar figures also in pollen mother cells in the living state in

Lelesene legrinum. Y. Sword (1927) has suggested that the contraction
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may have a certain bearing upon the arrangement of the chromosomes
in the metaphasec.

The chromosomes then gradually migrate towards the equatorial
plate of the cell to form the nudlear plate. In IFig. 12, the tetrapartite
chromosome in the tripolar spindle stage is shown.

A typical polar. view of the nuclear plate with the ring-shapel
tetrapartite elemeat is reproduced in Ig. 13. In this stage, as will be
seen later more in detail, if the cells are properly fixed, this quadrivalent
clement scems generally to be found on the outer chromosome ring of
arrangement, though sometimes it may occupy a position inside the ring
too (Text-fig. 9, 7).

The grade of union of the two bivalents of which the tetrapartite
complex  consists, is different in different cells in a certain measure.
Sometimes, the coalescence into one occurs so intensely that the two
bivalents look apparently as if they were only one large chromosome,
while, in other cases fifteen clements can be clearly counted without
difficulty (Text-fig, 6). Besides these two cases, we often observe
such a figure as Ifig. 14, which can be regarded as belonging neither
to the former case nor to the latter.  These figures are denoted as
intermediate figures in the present paper.

In the side view, the metaphasic tetrapartite complex presents the
appearance of a ring, the constituent clements conjoining to one other at

their ends, while sometimes, it takes V-, C- or various other shapes

Vo otk aie %
a b g 4
% . ¢
U By
)
¢ s & Vi

Text-Fig. 4 «/4. Lateral views of the tetrapaitite chromosome in Jate metaphase in
Lythrem. X 1800,
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as shown in Text-fig. 4, the end-to-end union being broken at a joint.
Usually the complex is attached by the spindle fiber at one point
in cach side of the complex, upper or lower, as is usually the case with
the ordinary bivalent chromosomes or gemini (Fig. 135), but in one case
it was observed, as might have been expected, that the complex was
attached by the spindle fiber at two points (Text-fig. 4, %). This mode
of spindle fiber attachment was especially clearly observed in the upper
side of the complex in the figure. '

In the anaphase, the tetrapartite element divides into two component
complexes, cach of which consists of two univalents. The two univa-
lents are then found usually separated from cach other (Fig. 16), but
sometimes they remain still united, so that we find one large clement
in one of the chromosome groups of the anaphase, while, in the other,
the homologous clements are completely separated into two independent
chromosomes.  To put it in other words, we can find, in this case,
fifteen chromosomes in one of the anaphasic chromosome groups, and

fourteen in the other (comp. Text-fig. 5 with Ifig. 16.). Unfortunately,

Text-Fig. 5. Two anaphasic chromosome groups in heterotype division in Zy#eram, drawn
from one and the same pollen mother cell. X 1800.

the writer was not able to determine whether this non-separat-
ing clement may be found also in the homotype metaphase or not, but
so far as the present observations are concerned, both sister homotypic
nuclear plates were always found consisting of fifteen distinetly indivi-
dualised chromosomes (Fig. 17).

Although it has not been adequately investigated as yet, we have

some facts which suggest further reduction in the number of chromosomes
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in the heterotype metaphase by conjoining of other chromosomes. (cf.
Dicny, 1g12). ,

It may be addeld here also that the results of the present observa-
tions have shown that generally the pollen mother cells, pollen grains
and their nuclei, are larger in the long stamen than in the short stamen
of the same flower, and that those of the long styled plant are smaller
than those of the middle and short stylel plants, and also that no data
were obtained in the present investigation, positively supporting N. E.
Strvexs' (1912) statement as to the definite correlation between the size

of chromosomes and the heterostylism in fagopyireie.

Arrangement of Chromosomes tn the
Meta- and Anaphasc.

As already mentioned above, in this plant, there are two kinds of
pollen mother cells, namely, the one with fifteen chromosomal clements
in the heterotype metaphase, and the other with only fourteen of these,
two of the fifteen temporarily conjoining into onc.  Naturally, there are
many intermediate forms which belong neither to the former ‘kind nor
to the latter.  Table VI shows the frequency of occurrence of these

three classes of pollen mother cells, observed in the heterotype metaphase.

Tasre VI

Number of chromosomal clements.

Intermediate
(The tetrapartite
clement is not

of the typical shape)

14 Total
{One element
is tetrapartite)

Style Stage 15
(No tetrapartite
clement.)

1 Early
Middle Metaph. 4 6 34
Middle Metaph. 31 13 *8 4 Fi 30 102
Long Metaph. 21 3 1o 34
Total 86 22 Fro4* 170

'

Number of pollen mother cells with the tetrapartite chromosome inside the chromosome
ring of arrangement.
The same with the tetrapartite chromosome on the circumference of the ring.
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Ifrom Table VI, we see that of all the pollen mother cells ob-
served, difference in stage at which the observations were made being
neglected, about one half are those with fifteen clements and the other
half with fourteen.  The chromosomes are arranged gencrally in the
form of a regular or irregular ring having some number of chromosomes

inside it.

7))  Arrangement of 15 ILlements.

The results obtained were examined, being distinguished into two
cases according to whether the chromosomes are arranged all in the
cquatorial plate regularly or not.  They are summarised in Table VI,
a and 4, in which the figures show the number of pollen mother cells
observed,

From these two tables, we can see that there is in both cases a
strong tendency for five or four chromosomes to he inside the chromosome

ring of arrangement, and that this tendency hecomes more pronounced

Tanre VII, «.

Cases where the 15 elements ave all arranzed strietly in the equatorial plate.

{Comp. Text-hg, 6 a—7)

Form of arrangemaent
Style Stage Total
8§ 87 7 766 6-5 3 4 4 43 3
Middle J\‘r‘j}ﬁ‘}g? o o 2 o (&) o 1d) S 4 o) 2| 5
AT Homotp. (Y pe ¢ ” e
Aliddl¢] Metaph. o o o0 o o 2(c) 15 } I 2 35
. Heterotp. 3 A
3 { I 21
Long Metaph. o o o o 2 I 6 3 8(/) 0
Total o o z o 3 3 38 i3 33 9 4| 107
Percentage o o 19 o 28 28 3535 14.0 308 8.4 3.5 99.0
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Tasre VII, &

Cases where some of the 15 clements ate found somewhat above or below the equatovial plate.

Fom of arrangement
Style Stage Total
8 87 7 76 6 65 3 30 4 43 3
Heterotp. .
Middle | Eady 1 o] o 1 4 1 1 1 4 I o 14
Metaph.
Homotp.
Middle | Early 0 0 0 o] I 0 7 0 6 o 1 I5
Metaph,
Nrs Heterotp. - - . .
Middle Anaph. ! o o 2 o I3 9 27 15 24 2 3 97
Heterotp.
Long Anaph. 1 o o 0 [ | [ 4 2 2 o 0 9
Total 1 o 2z ¥ 2z 100 39 18 36 3 4 135
Percentage 07 0 1.5 o7 156 7.4 289 133 267 2.2 30 100

when all the chromosomes are arranged strictly in the nuclear plate, as
is readily seen hy comparing Table VII, a and 2.

According to Caxxox and Mizuxo, when we have fifteen floating
magnets, exposed in a magnetic field, the number of magnets which
occupy the inner position is five in the stable form of arrangement {comp.
Text-fig. 7.). Thus we may sav that the chromosome arrangement
is at least so far comparable with the arrangement of Hoating magnets,
that cases where it resembles the latter (Form 5) are the most numerous
in frequency of occurrence.  But in this case, we have another maximum
frequency in Form 4 which does not resemble the stable form of arrange-
ment of 15 floating magnets, but resembles that of 14 magnets. This
presents a marked contrast to the results obtained in Saeetferi in which
the frequency of occurrence of the chromosome arrangement resembling
the stable form of floating magnet arrangement is distinetly higher than

that of the other forms which do not resemble it.
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Text-Fig. 6 a~%. Tolar views of heterotype and homotype metaphase in Zwtkrune with fifteen
chromosomes which are arranged strictly in the nuclear plate.  Comp. Table VII, a.
X 1890

We have, then, a question why in Zy/hrean Form 4, or the form
having four chromosomes inside the ring, occurs in so high a frequency
as stated above, while other forms which, like the form in question do

not resemble the stable arrangement of the floating magnets, are of far
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less frequent occurrence.  This question is unexplainable at present, but
as will be seen later (comp. Table VIII), we have a very interesting
and suggestive fact in the case of the 14 chromosomal elements, of
which one is tetrapartite.  In this case we have found again a large
number of cases in a form which does not correspond to the stable
arrangement of the floating magnets. In the case of 15 chromosomes
such a form was a form where the number of chromosomes occupying
the inne: position was less by one than the number we find in the stable
arrangement of the floating magnets, that is, the number which corres-
ponds to that which we have in the stable form of arrangement of 14
Hoating magnets. In the case of 14 chromosomes where one chromosome
is tetrapartite while the others are bivalents the matter appears to he
quite the reverse. In this case the number of the inside chromosomes
in the form which does not correspond to the stable form of arrangement
of floating magnets, but is of very frequent occurrence, is not less than
the number found in the stable form of the floating magnets,” but more
than it by one, that is, the number which we find in the stable form
of arrangement of 15 floating magnets, or the nuntber which we have
found most frequently in the case of chromosomes where the tetrapartite
chromosome complex has separated into two independent chromosomes,
thus making the total number of chromosomes 135.

To imitate Form 4 with fifteen floating magnets, the following
experiment was undertaken at the suggestion of Prof. IKuwapa. 15
floating magnets were prepared, of which one consisted of a large cork
float with several magnetised gramophone needles stuck in it, and the other
14 of only one magnetised needle. They are placed afloat on the water
between the clectromagnetic poles. In case the large one occupies a
peripheral position in the arrangement, five, or not infrequently six, small
magnets enter the peripheral ring of arrangement as is shown in Text-fig.
8, @ and 8, 4, but if the large one happens to enter the peripheral

ring the arrangement becomes as shown in Fig. 8, ¢, three small and

DIn the case of 14 floating magnets, the number of floating magnets found inside the
ring of the stable form is 4 {comp. MizunNo 1916). )
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Text-Fig. 7. Thotograph of the stable form of arrangement of 15 floatingy magnets exposed
between the electromagnetic poles. Iach floating magnet consists of a picce of cork
with an equally magnetised gramophone needle stuck in it.

Text-Fig. 8a—c. Photozraphs of practically stable forms of arrangement of 15 floating magnets,
one of which onsists of a large cork float with more magnetised needles in it than
in the small ones. «. With six small floating magnets inside the peripheral ring
of the arrangement. 5. With five small ones. ¢. With one large and three small
ones.

one large occupying the central region of the practically stable form of
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the arrangement (Text-fig. 8, ¢).  This hehaviour of the floating magnets
may give some idea about the origin of the deviation in the chromosome

arrangenent.

7)) Arrangement of r4-15 Flements.

As the writer was not able to discriminate whether these figures
arc those representing the natural state of chromosome arrangements or
those produced by incomplete fixation, these intermeliate cases have not

heen considered here.

w' ) Arrangement of 1y Llements.

In this case, one clement is the tetrapartite complex.  The numbers
of cases of different forms of chromosome arrangement observed arc
given in Table VIII.  In Casc A of the table, those cases where all
the chromosomes arc arranged strictly in the equatorial plate are grouped

together, and in Case B, those where some chromosomes are found

Tapre VIIIL

{Comp. Text-fig. 9)

TForm of arrangement T
Case Style | Stage ttxll
§ 87 7 6 6 65 5 54 4 43 3 ’
. Heterotp. . . 3/ Fe] 8
Middle ! N - 3/ )
Hiddl Metaph, o w0 )0 Wi 7 1 sley 30
Long [Hleterolpd g oo g 2{c) 3 3 2 o | 10
= [Metaph. . N B 2 -
J\ o R
Total °o 0 o 2 0 1 9 8 16 6 6 48
Percentage o o o 42 o 2i 187 166 333 125 125 99.9
N . e
Heterotp. . - i
B |Middle] Tarly o o o 0 0 o 4 4 . o I 12
| AMctaph. 2 -
!

* Figures with an asterisk denote the number of cases where the tetrapaitite chromosome
is found inside the chromosome rinz of dranzement.  In others, the large chiomosome
occupies a position on the circumference of the ring.
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Text-Fig. 9 e~k Polar views of heterotype metaphase in Zythyem with fourteen chromo-
somal clements, one of which is the tetrapartite cliiomnsome (solid black]., Comip. Table
VIIL  X1809



Clromosone Arrangement IV,  Sagillaria and Lytlrwmn, 303

slightly above or below the equatorial plate (comp. Text-fig. ¢.) In
Case A, we sec that cases which belong to Form 4 arc the most
numerous.  This form has an arrangement that resembles the stable
arrangement form of floating magnets.

Besides Form 4, Form 3 has a relatively high frequeacy of occur-
rence as comparcl with other forms which likewise do not resemble the
stable form of arrangement of floating magnets, and the frequency curve
obtainable from these results is nearly the same as that from the case
of 15 chromosomes, although thie number of cascs examined is here far
smaller than in the latter case.

Now we shall consider the behaviour of the tetrapartite complex
in the arrangement. It generally occupies a position on the circumference
of the chromosome ring of arrangement, but is sometimes found inside
the ring in a frequency such as is shown in Table VIIL.  Although the
latter casce may be partly duce to the action of the fixing fluids, we
become furnisheld with a more accurate knowledge about the origin of
these figures, when we consider them from the mathematical point of view.
If we assume that any three, four, or five clements of a total of four-
teen can go inside the ring of arrangement quite at random, we shall
have as many different configurations as Cy= 364, 1,Cy=1001 or ,C,=
2002 respectively.  In these three cases, the numbers of cases where a
definite element can occupy the inner position - are 3Co=78, 1C;=286,
and 13C;=7135 respectively.  Therefore this definite element has as many
chances to occupy the inner position as 78/364(21%), 286/1001(29% )
or 715/2002(36%) respectively.  The results given in Table VIII arc
too meagre to compare with those caleulated results, but on the ground
of the latter results they seem to allow us to infer that the tetrapartite
cleiment takes the central position merely by chance just as might be

expected for the other thirteen small clements.
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CONCLUSION AND SUMMARY.

From the data presented above we learn the following :—

1) In the heterotype metaphase of Sagi/arra, in spite of the
various sizes and shapes of the chromosomes, the cases where the
chromosome arrangement resembles the stables form of arrangement of
floating magnets are the most numerous, being 53.8%2; in frequency - of
occurrence.  The small e-chromosome takes the central position more
frequently and the large A/-chromosome less frequently than we might
expect from the view point of probability.  Between the heterotype
metaphase and the homotype anaphase, there is a certain difference in
the form of the arrangement.

2)  In Zythrum, in both cases where the number of chromosomal
clements is 13 and 14, the form of chromosome arrangement resembling
the arrangement of the floating maginets occurs most  frequently, but
there is, contrary to the case of Saegiffara, among the other forms of
arrangement which do not resemble that of the floating magnets, another
maximum in frequency which marks itself distinetly from the frequencies
of the other forms of arrangement,  This sccond maxinmum is found in
the case of 135 clements in that arrangement which affords the first
maximum in the case of 1) clements, and in the latter case it is found
in the arrangement that gives the first maximum in the case of 13
clements.

When there exists a tetrapartite chromosome among the others,
we find usually this large clement in a peripheral position, and there
scems to be no special tendency for the quadrivalent clement to occupy
the central position, at least so far as the present obscrvations are con-

cerncd.

In conclusion, the writer wishes to express his cordial thanks to
Prof. Y. Kuwapa under whose directions the present investigations were

carried out.
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EXPLANATION OF PLATE XXVIII.

Al figwres were drawn with the aid of an Abbes cunera lucida wsing Ziiss’ apochr.
imm. 2mm. (Figs. 1 to 6) and achiom. homoz. imm. 1/12 (I%gs. 7 to 17) with comp. oc. 18.

\

A7+, @ and tetrapartite chromosemes, when present, are marked in the figures with letters

J7, @ and 7 orespectively. Figs. 10 represent Sugittaria dginashs, Maxino and Fig
Lvthrem salicaria, 1. var. vilgare, DC., subvar. geiuna, KON

Fig. 1. Heterotype metaphase in polar view.

Fig. 2. Heterotype metaphase in side view,

Fig. 3. Heterolype anaphase in polar view.

Fig. 4. The same stage, where the Ad/~chromesome is completely  divided into two

longitudinal halves.
g
Fig. 5. The same stage, showing the wivalent compouents of geminl scparating not
simultancously.

a

Iig. 6. Homotype anaphase in polar view with clongated chromosomes, indicating the

spiral  structure.
Jige 7. Narious forms of the tetrapartite chromosome in the diakinesis.

Fig. 8. The sume with lifteen chromosomes.
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Iig. 9. Slightly later stage than Idg, 8. Fowrtcen chromosomal elements with the tetra-
partite chromosome.

Irig. 10. Disappearance of the nuclear menbrane.  Chromosomes are distributed rather
loosely.

Jg. 11, Later stage than Fig. 10. Chromosome distribution area is contracted,

Ifig. 12, Tripolar stage with the tetrapartite complex.

IFig. 13. Heterotype metaphase in polar view with fourteen chromosomal elements.  The
tetrapartite comples presents its typicdl shape of ring.

Itig. 14. The same stage with the tetrapartite chromosome of intermediate form.

IFig. 15. Heterotype metaphase in side view.

Iig. gl(). Heterotype anaphase in polar view. « and & present the sister chromosome groups
both with filteen chromosomes. The longitudinal split is visible in all the chromosomes,

Tig. 17. Homotype metaphase in polar view, Fifteen chromosomes in both groups.
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