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Chromosome Studies on Trillium kamischaticum
ParLr. II. The Direction of Coiling of the
Chromonema within the First Meiotic
Chromosomes in the PMC

By

HANME MATSUURA
(With Plates XV-XVII and 4 Text-figures)

In the first paper of this series (MATsSUURA ’35), the writer has made
a comparison between the normal meiotic chromosome type of Trillium
kamtschaticum and the two abnormal types, called ‘abnormal I’ and
‘abnormal II’, which resulted from the effects of abnormally high tempera-
ture in which the plants grew, in respect to the coil number in the chromo-
nema of meiotic metaphase chromosomes and the relationship of it to
the volume of chromosomes. The conclusion was drawn that the coil-
inclination angle of the chromonema remains unaffected throughout these
three types, despite their possible alternation in chromosome volume.

In the present study special attention has been devoted to find out
certain characteristics of the direction of coiling of the chromonema within
the chromosomes at the same stage and also those at first anaphase. Obser-
vations were made mainly on the normal type; a few of abnormal I type
were however supplemented to them, as the bivalent formation in the latter
is principally the same with that in the normal ones. The spiral situation
in abnormal II type will be described in another paper.

The problems principally involved in the present study are as follows:

1) Is the direction of coiling a stable character of a given chromosome,
and if so, to what extent?

ii) Is there any relation between the two homologues at metaphase as
to this feature?

iii) Is it possible that the chromonema reverses its direction of coiling
in any part of a chromosome?

iv) Is there any characteristic difference as to this feature between
different cells or different individuals?

Up to the present, not many observations have been made on these
features, and most of them were even very fragmental. To the first ques-
tion, no definite answer has been given; there has been no detailed study
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in which reference to individual chromosomes was made. On the direction
of coiling as a whole, NEBEL (’32b) states however that ‘‘the total number
of dextrorse and senistrorse coils in a cell tends to be equal’’ but ‘‘may be
modified by a characteristic mode of coiling in certain chrososomes’’.
SHINKE (’34) likewise observed an approximately equal frequency of oc-
currence of dextrorse and senistrorse spirals. As to the second question,
Isan (’81) maintained the opinion that the direction of eoiling in gemini
is always the same. According to NEBEL (id.), on the contrary, there
is no such rule, both kind of gemini, ‘symmetrical’ and ‘asymmetrical’,
having been observed, although the direction of coiling in gemini appeared
to have somewhat characteristic features in different species studied, for
in one species asymmetrical gemini outnumbered symmetrical ones, whereas
in another the opposite condition proved true. On the third question, SAx
(’30), TavrLor (’31) and IsHi (’31) observed the actual reversal of coiling
direction in a part of a chromosome. NEBEL (4d.) confirmed these obser-
vations with a certain reservation that the change in coiling direction may
take place only at the insertion region of a chromosome, and does not occur
between it and the end of a chromosome. No observation has been made
on the last question.

Methods and General Explanations

Practically all the observations were made on the same permanent
smear preparations as employed in the previous study. Photomicrographs
of Plate XV and XVI were secured from material fixed by TavLER’s solu-
tion ; those of Plate X VII were taken from material fixed by La Cour 2BE.
The preparations were throughly stained with gentian-violet according to
NEwTON’S method.

As previously described (MATSUURA, ’'35), each of the five bivalents in
a complement of this plant always takes at metaphase a cruciferous form,
being attached only at the insertion region. There are two types of
bivalents generally distinguishable at this stage: type x and type -+, the
former being a transitional form to the latter, the final form. Diagramma-
tic representation of the five bivalents in a complement, A, B, C, D and E,
is given in Text-fig. 1. These characteristic configurations of metaphase
chromosomes render it impossible to identify each member of the homo-
logues, that is, which short arm, together with which long arm, is to
constitute a component member of the bivalent. Consequently a certain
degree of limitation is placed on the present analytic study on the chromo-
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nema situation of meiotic chromosomes.

In order to facilitate the understand- A
ing of configurations, the writer introduced
the following diagrammatic signs and
modes of representation. (i) The dextrorse
coiling of the chromonemata in ‘dyads’ is B
expressed by a capital “R’’, and that in
‘half dyads’ at first anaphase by a small
latter, “‘r’’; ““I’” and ‘‘1”’ likewise stand
for the senistrorse coiling in dyads and
half dyads respectively. (ii) In cases where
the identification of the two arms of a
chromosome is possible, the configuration
of a bivalent is given by a scheme such as

FL, the dash, “~7, indicating the

insertion region and the latters ahead of E
it representing the coiling situation in the
short arm and those behind it that in the
long one. Owing to the impossibility of
identifying each member of the bivalent, E: %"{ can not be distinguished

from %:E This mode of expression is applied to the B, E, C and D

Q

=)

i

Text-fig. 1. Explanation in text.

chromosomes, although in the latter two the direction of coiling in the
short arm is very often scarcely determinable and they are then shown by

a scheme such as :11% (1i1) In chromosome type A, where the two arms
are of nearly equal length and are not usually distinguishable from one
another, the coiling situation of a vivalent is given e. g. by Ille%’ the point
4.7 representing here the insertion region. The R.L form is to include
LR
R-L
L-R
(iv) In cases where the chromonema reverses

then the following three forms to be classified according to (ii):

R-R —F R-L
(or L—L), %_g and R
its direction between the insertion region and the distal end of a chromo-
some, the situation is represented as e.g. ~LLR for ‘single’ reversal, -LRL
for ‘double’ reversal, ete.

For convenience sake, the description of data will be given first as to
the direction of coiling in the part of the chromonema proximate to the
insertion region, and the occurrence of the reversal of direction will be
dealt with in a separate chapter. The former will be justified on the basis
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that the differential condensation or ‘spiralization’ of the chromonema
begins at a certain stage of prophase at the point of attachment.

Description of Data

i) Metaphase Chromosomes

a) A chromosome type.

" TaBLE I A total of fifteen bivalents were
Direction of coiling in the A chromosomes analyzed as to the direction of coil-
Classes Observed Expected ing of the chromonema. Their dis-
tribution into the five classes to be
y L 4 1.5 c s . .
L.L : distinguished is tabulated in TABLE
2) k% 9 3.0 I, together with the theoretical
R‘R values which are expected from the
LL 4 6.0 assumption that the direction of coil-
" g.% 3 2.0 ing in the chromonema is subjected
R’R to mere chance.
5 R'R 2 1.5
Total 15 15.0

Considering the chromosome arms separately, we get:
Classes (1) 2 3) @ (5) Total
L 16 6 8 3 0 33
R 0 2 8 9 8 27

b) B and E chromosome types.

In these chromosome types, nine classes are distinguishable, as to the
coiling situations in the long and the short arms. Fifteen bivalents of
the B type and twelve of the B type were analyzed. Their distribution
is given in TasLE II.

The proportion of Li arms to R arms is calculated as follows:

Classes (1) (2) (3) () (53) (6) (1) (8) (9) Total
L 0 6 6 3 8 0 0 0 0 23
B {R

0 2 6 1 8 0 0 0 20 37
E{ L 8 3 0 6 8 2 2 0 0 29
R 0 1 0 2 8 6 2 0 0 19
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TABLE IL
Direction of coiling in the B and E chromosomes
Classes B E Total Expected
D T 0 2 2 2.7
2) %:}j 2 1 3 2.7
9 BT 3 0 3 27
4) ijﬁ 1 2 3 2.y
5 7 oor LR 4 4 8 5.4
o B L 0 2 2 2.7
n Iz 0 1 1 27
8) %:% 0 0 0 27
9 BB 5 0 5 2.7
Total 15 12 27 27.0

¢) C and D chromosome types.

Here only three classes are to be distinguished, as to the direction
Some of the short arms were actually

of coiling in their long arms.

analyzed, but they were neglected in order to simplify the matter.
results of analysis on thirteen bivalents of the C type and sixteen of the

D type are given in TaBLg I11.

TaBLE III
Direction of coiling in the C and D chromosomes

The

Classes C D Total Expected
-L

1) L 4 9 13 7.25

o —-R

2 I 8 2 10 14.50

3) :g 1 5 6 7.26

Total 13 16 29 29.00

The proportion of L’s to R’s in these types will be given as:
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Classes (1) (2) (3) Total
L 8 8 0 16
C { R 0 8 2 10
{ L 18 2 0 20
Mg 0 2 10 12

It will be obvious from these data that each chromosome type may
take all possible forms with respect to the coil direction in the chromonema
presenting no relation between the two homologues as to this feature. Some
classes were actually missing in certain types (as in B and E, Tasre II)
and further certain great quantity of discrepancies of frequency from
the theoretical expectation was frequently met with, but these may be due
to the rather small number of observations and probably are not to be
considered as statistically significant. In reality, if the data from the
A, B and E types are put together and arranged into the same five classes
as in TABLE I, one can get a closer agreement of the results with the ex-
pected values (see TABLE IV).

TasLe IV
Summing up TaBrLEs I and II

Classes A B E Total Expected
1) 4L (or OR) 4. 0 2 6 4.2
2) 3L (or 1R) 2 3 3 8 8.4
3) 2L (or 2R) 4 7 5 16 16.8
4) 1L (or 3R) 3 0 2 5 8.4
5) OL (or 4R) 2 b 0 4.2

Total 15 15 12 42

The proportion of Ii arms to R ones is summarized in the following
table (TasLE V).

TABLE V
The proportion of I.'s to R's
A B C D E Total Average Deviation
L 23 23 16 20 20 121 113 +8
R 27 37 10 12 19 105 113 -8

Of the total 226 arms observed, 121 are L’s and 105 R’s, the deviation
from the average amounting only to =8. This will be taken as a further
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confirmative evidence that there is no correlation as to this feature between
the two arms composing one chromosome, that is, each arm behaves in-
dependently of the other.

As might be expeeted from the data given above coneerning individual
chromosomes, it is shown by TABLE VI that there is also no definite rule
on the coil direction of the chromonemata within the five bivalents in an
entire cell. While in cases, Nos. 1, 3, 4, 5, 6 and 7 the L arms outnumbered
the R ones, cases Nos. 2, 8 and 9 were found to be the opposite. It must
be added that all cells of No. 1 to No. 7 were taken from one and the same
plant. This will be then taken to be positive in denying a tendency for
one certain condition of coiling to appear more than another, either in the
individual cell or in the individual plant. Based on the theoretical ex-
pectation, No. 1 cell must be of a very rare type, as nearly all the arms
(except 2 of the total 16 which were analyzed) showed the same senistrorse
coiling.

ii) Rewersal of Direction of Coiling

In most cases, the reversal in the direction of coiling of the chromonema
oceurs ‘singly’, that is, one time between the insertion region and the
distal end of a chromosome. The double reversal takes place with less
frequency, but no case was observed to change its direction more than two
times. In this connection it should be noted that in the distal ends of the
chromonemata sometimes the last small portion of the coil appears to
reverse its direction, as observed in other plants by Tayror (’31), Tuan
(’381) and NEBEL (’32a). In the following deseription, the reversal in
this region was neglected, because this is probably to be aseribed to some
certain spacial relation between the chromonema proper and its surround-
ing matrix, and hence is of a nature, from the view of development of
spirals, to be distinguished from the primary reversal.

The reversal of the coil direction may take place at any point of the
chromonema and its position does not correspond in the homologues. On
account of these facts and in order to avoid complication of description,
data concerning the position of reversal are not given in the following
account, except in case of necessity.

1) A chromosome type. Of 15 bivalents (30 chromosomes) observed,
7 showed no reversal; the others were of the following reversal forms:

R.RL LR.IR R.RLR LR.L BL.LE L.LR R.L _ . R.LR
L.L , L.LR,LR.R , R.R, RL.LR R.LR,RL.R ¢ L RL.

It follows then that of the total 60 chromosome arms, 16 were of the
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TaBLE VI
Direction of coiling in the e¢hromonema of the five chromosome
members in nine complete cells

T The proportion
No. of cells A B CA D E ofL:R
, L.L I-L L -L 1L -
0* L.L R®RL  -LRL -LR R-LR 14:2
@) R.R RR LRL -R I-L .
IRR I-L RL -L RR :
LR I-L R -R L&R _
) L.R LR L -R I-L 9:7
L.L R-R R -L IR ,
#) LL RR 4 L RL 8:7
) IR.L RILR ILL -L L-R 7
o RR LRL LL -L LR :
) RL.LR LR-LRL -RL -LR R-LR s
RL.LR RI-RL -LRL -LR IL-R :5
- L.LR I-L. RR -RLR L-R#® l0:8
RIR RR ILL -RLR L-L? :
(8)° RL RRL RL -R I-L 8:10
RL.R R-R L-RLR -R IL-L :
(9)® R.LR R-LR ~-R LR -R 8:6
L.RL L-R -LR L L :

1) Refer to Plate XV and Text-fig. 2.

2) It was impossible to ascertain whether the reversal of coiling occurs
in the long arms or not.

3) Refer to Plate XVI and Text-fig. 3.

4) This cell was taken from a plant of abnormal I type.

reversal type, only one of which was doubly reversed.
2) B chromosome type. Of 15 bivalents (30 chromosomes) observed,

8 showed no reversal; the others were of the following forms: E:%R

R-RL R-LR LR-LRL R-RL R-L R-LR
RR , LRL , RL-RL , R-R , RL-LR 2 L, R .
then that of the total 60 arms, 12 showed reversal, only one of which was
doubly reversed.

3) C chromosome type. Of 13 bivalents (26 chromosomes) observed,

It may be seen

b} siljowed Ijlo reveIEal; the others were: :ER (in two cases), :£RL, Lllgzﬂ
R I ~LR -LR Hence 10 of the total 36 arms (some of

_LRL, -RLR, L , 4 gy,
the short arms having not been observed) were of the reversal type, 3 of

which were doubly reversed.
4) D chromosome type. Of 16 bivalents (32 chromosomes) observed,
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10 showed no reversal ; the others were: :gL, :%% and :g%g It follows

then that of the total 32 arms (the short arms having been entirely
neglected here), 8 were of the reversal type, 2 of which were double-
reversed ones.

5) E chromosome type. Eleven bivalents (22 chromosomes) were
analyzable as to this point. Of them, 9 showed no reveral; the other

two were: I}%:II‘J‘R and E:ER: Of the total 44 .arms, 2 were thus singly

reversed.

From these data, it will be possible to measure the percentage of
reversal in the direction of coiling per single echromosome arm for each of
the five chromosome types (v. TaBLe VII).

TasLE VII
Percentage of reversal of coiling per single arm
Chromosome Total arms Frequency of reversal lr Percentage of reversal

type observed (Cases of double reversal are shown in parentheses)

A 60 16 (1) 26.6 (L.7)

B 60. 12 (1) 20.0 (1.7

C 36 10 (3) 27.8 (8.3)

D 32 8 (2) 25.0 (6.3)

E 44 2 (0) 45 (0
Averages: 20.8 (3.6)

TaBLE VII indicates that the percentage of reversal per single ehromo-
some arm is highest in C chromosome type and lowest in E type. If the
reversal of coiling is taken to be caused by chance only, the consequence
must be that its percentage should be proportionate to the length of the
chromosomes. In this respect, it must be taken into consideration that
the data on the C and D chromosomes were principally taken from their
longer arms.

In order to determine then to what extent the percentage of reversal
is related to the chromosome length, TaBLeE VIII was prepared, in which
the percentage of reversal per single coil was caleculated for each of the
five chromosome types and compared with each other. Such means of
calculation will be justified, since, as previously deseribed (MaTSUURA, ’34),
the gyre number for each chromosome type is proportional in exact manner
with the chromosome length.
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TaBLe VIII
Percentage of reversal of coiling per single coil

Chromosome | Gyre number Reversal % per single arm Geversal % per single coil
type in each arm (Percentages of double reversal are shown in parentheses)
A 11-117 8/30” =26.6(0.5/30=1.7) ca. 2.4(0.15)
9 8/30=26.6(1/30=35.4) ca. 2.9(0.38)
B { 5 4/30=13.3(-) ca. 2.6(~)
C 11 10/36 =27.8(3/36=8.3) ca. 2.5(0.75)
D 12 8/32=25.0(2/32=6.3) ca. 2.1(0.52)
7 2/22=9.0(—) . ca. 1.3(—)
E {4 0/22=0 (=) 0(=)
Average: ca. 2.0(0.23)

1) ¢f. MaTsUURA (34, ’35).
2) The numerators indicate the frequency of reversal and the denominators
the total number of arms under observation.

It will been seen from this table that the reversal percentage fluctuates
within a rather small range, that is, from 2.1 to 2.9, for the four chromo-
some types, A, B, C and D. This seems to imply that there is no speciality
to be ascribed to these chromosomes as to this feature and the occurrence
of reversal in the direction of coiling is principally due to chance. And
the very low percentage of reversal shown by the E chromosomes may be
reasonably interpreted in either of the following possible manners: (i) it
is due to the rather small number of observations, (ii) it is due to personal
error which is necessarily greater when the chromosome is shorter, or (iii)
it is due to a certain limitation that for the occurrence of reversal coils
more than a certain range is necessary. The possibility of the last inter-
pretation seems to be somewhat supported by the findings by NEBEL (’32 b)
on the meiotic chromosomes in certain plants of Tradescantiae, in which
the chromosomes are very short, no one possessing more than four coils,
and no reversal of the direction of coiling is observed. The last inter-
pretation may also be available for the case of double reversal. It will
be seen from TaBLe VIII that the occurrence of double reversal appears
to be possible only in rather long chromosome arms, such as ones the coil
number of which amounts to about 9 (the long arm of the B type). It
remains however as an open question why the percentage of double reversal
is so high in the C and D chromosomes and so low in the A chromosome,
despite the fact that these three chromosome arms under observations are
of nearly equal length.

The next question to be raised is whether the frequency of reversal
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is equally distributed in individual cells or not; in other words, whether
the tendency of reversal is not different in different cells. A compilation
of all the data on nine complete cells analyzed, TasLE IX, will serve for
the elucidation of this point.

TaBLE IX
Distribution of reversal frequency in nine complete cells

No. of cells Frequency of reversal Total number of
(v. TABLE VI) (Double reversals in parentheses) arms observed .

@ 3 Q) 16
(2) 2(0) 18
&) 0 (0) 16
(€] 0 (0) 15

. ® . 30 18
(6) 12 (2) 16
Q) 4(2) 18 (2 uncertain)
® 3 18
() 5" 14

1) This is a cell of abnormal I type.

If one takes the average percentage of reversal per single chromosome
arm, 20.8% (cf. TaBLE VII), thert the theoretical frequency of reversal
for each case from 14 arms to 18 ones may be calculated as:

No. of arms: 14 15 16 17 18
Frequenecy of reversal: 2.9 3.1 3.3 3.5 3.7

With the exception of one eell, No. 6, all the others appear not to diverge
very far from these theoretical values. This will be taken to indicate that
there is no general tendency in the chromosomes, the chromonemata of
which more frequently reverse their direction of coiling in particular cells.
The cell, No. 6, is particularly of interest in its high percentage of reversal,
which is expected theoretically to occur very rarely. The configurations
of the five chromosome types in this cell were as follows:

5R6L.4LTR
~ 6R5L. 5L6R
5L1R—-2L1R6L
~ 4R2L-3R6R
—9RIL
=~ _3L2R5L
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_3L8R

D=_s16r

o _ 4R-2LIR
= 4L-6R

In the above, the figures indicate the coil number roughly estimated. As
will be obviously seen from these configurations, the point of reversal does
not exactly correspond in the homologues, even in some bivalents (as in A
and D) where the reversal appears to be exceedingly balanced in them, a
matter naturally suggested from the previous conclusion that in the
direetion of coiling the individual homologues are independent of one
another.

i) Fairst Anaphase Chromosomes

Owing to insufficiency of preparations giving clear i;nages of anaphase
chromonemata, only one complete cell was available for analysis of their
direction of coiling. Despite that the present observations are thus of a
preliminary nature, a brief note will be made here, since some interesting
situations of coiling were actually revealed.

The reduction to a certain extent in the number of coils of the chro-
monema is a remarkable feature of anaphase chromosomes. It was observed
that the number of coils is approximately the same in each of the corres-
ponding halves of a geminus and is represented, though roughly, as follows:

a 9-9
b 4-7
d 2-9
d .9
e 3-5

Compared with the number of coils within the previous metaphase chromo-
somes, these values indicate the reduction of about 26% in each chromo-
some type. This implies that the anaphase chromonemata go toward the
poles unravelling their coils. The elongation of chromosomes at anaphase
will be the natural consequence of this. The unravelling process appears
to initiate at the distal end of the chromosome, as may be suggested from
the frequent ocecurrence of certain irregularities in the direction of coiling
at the last one or two coils, sometimes giving the impression that the
chromonema entirely reverses its direction at this region. That such
irregularities are secondary consequences due to unravelling of coils is
obvious from the non-occurrence of the same in the corresponding sister
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chromatid. For the description of the direction of coiling in half dyads,
these irregular regions were then neglected.

The half dyads separated shortly after first metaphase take the same
configuration as the dyads, they remaining attached only at the insertion
region.? In the consideration of coiling direction in them, attention should
be paid to the following facts: (i) the sister chromatids are always
characterized by parallel coiling, and (ii) the direction of coiling in the
chromatids remains unaffected during their migration to the poles, except
for the possible change at their distal ends. These facts make it possible
to reconstruct the original dyad condition of coiling from those in the
half dyads, and offer direct evidence concerning the mode of reduction, as
utilized by NEBEL (’32b) in Tradescantia reflexa and by SHINKE (’34) in
Sagittaria Aginashs.

The analysis of direction of coiling in a complete cell represented in
Pl. XVII, Figs. 1-7, and schematically in Text-fig. 4, showed the following
chromonema configurations for each half of the gemini.

a _1lr - l.r
1 T 1
11 11
b= b= ar

o= =)
_-1 —-1(")

L=y d2= (1)
11 oy (D1

T 2= (911

It should be noted that the point of reversal in the direction of coiling is
also correspondent in the sister chromatids, as indicated by arrows in
Pl. XVII, Figs. 1 and 3 for each one of the long arms of b; and bs and
Figs. 7 and 8 for the two long arms of c;.

A normal reduction division should result in symmetrical forms as
to the direction of coiling in each half of a geminus. But the reverse is
not always true. Consequently it is not possible to determine whether a

geminus %g yielded a; and ag through the reduection division or through

the non-reduction division, i.e., exchange of homologous chromatids. On
the other hand, the configurations in c¢; and ¢, affords a decisive evidence

1) As seen in Plate XVII, Figs. 3 and 4, one of the half dyads of the type D shows
the complete separation of its insertion region. This probably indicates that the second
division of the kinetic body initiates at these stages.
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of the reductional first division (at least for their longer arms) of a geminus

ZER‘ The other three types of chromosomes are characterized by asym-
metrical forms of coiling and must have arisen as results of the non-

reductional first division. The original D geminus would have probably
been :ER, though in one of the half gemini (dg) the corresponding reversal
of direction of coiling has not been ascertained. The e; and e» configura-

tions are supposed to have resulted from a form Iﬁ_g through a non-

reduction division, at least for the chromatids eonstituting their short arms.
A more complete evidence of the non-reduction mode of division is offered
by by and bg, which are asymmetrical as to coiling situations both in the

short and the long arms. It is clear that the original geminus was R:%R

1-1

orl_~il and the change of one of the entire chromatids gave the forms
r-1r
r-1r

1-1 nd 1-1

r-1r 2% p 1,

Thus the present study on anaphase chromonemata, though it was
carried out on a very small scale, points to more frequent ocecurrence of
the non-reduction mode of the first division than would be expected. A
more detailed study would reveal quantitative relations of these two modes
of division,

Conclusion

In answer to the question set forth on page 233, it may be said that:

i) The direction of coiling is not a stable character for a given
chromosome, since it can take all possible forms in this respeet.

ii) There is no definite relation as to the direetion of coiling between
the two homologues. They behave independently from one another.

iii) The chromonema may reverse its direction of coiling at any
point, although there may be some certain restriction for the occurrence
of the reversal, in such a way that a certain number of coils is at least
necessary for it.

iv) No characteristic difference appears to exist in the coiling situa-
tions in different cells of the same plant and probably in different in-
dividuals. '

All these findings seem to point to the fact that the process of coiling
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is purely mechanical and is subject to the law of chance. The possibility
is excluded then that the direction of coiling remains stable throughout
the life cycle of a given chromosome.

Furthermore attention must be paid to the importance of the kinetic
body bearing on the behaviors of chromonemata, as substantiated by the
following findings: (i) the development of ecoiled chromonemata is
controlled from the kinetie body, and (ii) there is no relation in regard to
coiling between the two sides of the kinetic body. It follows then that
the condensation of chromosomes is conditioned independently on the two
arms; in other words, the kinetic body is a neutral one, that is, its con-
stitution differs materially from that of the chromonema, offering no direct
connection of the latter on the two side of it. Additional items of evidence
for this have been obtained from the behaviors of the kinetic body at
meiotic divisions. Although a full discussion on these points, together with

“evidences from other sources, will be given in another paper, suffice it to
point out here that the division of the kinetic body is different in its time
and independent in its mode from that of the chromonema. The first
division of the chromonema takes place at an early prophase stage, and
the second division (separation of chromatids) at metaphase, whereas the
kinetic body comes to divide first shortly after metaphase and next at the
stage previons to interkinesis. Its first division may take place at either
of the two planes, one separating homologous chromatids, the other separat-
ing sister chromatids.? The former mode of division leads to the reduc-
tional one and the latter to the non-reductional one. Confirmative evidence
for this was presented by the present observations on the direction of
coiling in anaphase chromosomes. It may be added also that the possibility
of another mode of division which involves an exchange of one arm of the
chromatids, thus resulting in partial non-reduction, is not excluded here,
as pointed out by NEBEL (’32 b).

DarniNgTON (’32; p. 290) considers that the chromosome thread com-
mences its spiralization at the attachment constrietion, turning in the
opposite direction on its two sides. A similar conjecture has been made

1) HuskiNs and SpiEr (’34) conclude from behaviors of heteromorphic bivalents
in Triticum wvulgare that sister chromatids are always associated at the spindle attach-
ment and non-reductional first divisions may take place as results of crossing over
between homologous chromatids. This interpretation however can not be applied to
the present case, because in Trillium the four strands of a bivalent at metaphase are
all associated only at the spindle attachment, decidedly excluding the posmblhty of
such crossing over, as their interpretation demands.
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by CATcHESIDE (32, p. 109). The present findings offer however no posi-
tive evidence for it; on the contrary it was decisively demonstrated that
the chromonema behaves in its condensation not as one entity but as two
independent segments parted by the kinetic body.

Summary

The present paper deals with the direction of coiling in the chro-
monema within the first metaphase and anaphase chromosomes in the
PMC of T'rilliwm kamtschaticum PALL. The five individual types of chro-
mosomes were analyzed as to this feature. The main results obtained
are summarized below.

1) No evidence was found for any characteristic direction of coiling
in the chromonema of a given chromosome nor for any definite relation as
to this feature between the two homologues. '

2) On the contrary it was demonstrated that the two arms of a
chromosome behave independently as to this feature and the total number
of dextrorse and senistrorse coils in them tends to be equal, suggesting
that the direction of coiling is strictly subjeet to the law of chance.

3) The chromonema may reverse its direction of coiling at any point
of it. The reversal of direction appears to follow chance, as no definite
evidence is obtained indicating that any one certain type of chromosomes
is more liable to be subjected to it. There is some evidence however that
the change in the direction occurs only in chromonemata of more than a
certain number of coils.

4) The two types of division, reductional and non-reductional, were
directly demonstrated by analytic observations on the direction of coiling
in the first anaphase chromosomes.

Literature Cited

CATCHESIDE, D. G., 1932, The chromosomes of a new haploid Oenothera. Cytologia 4:
68-113. .

DarLiNeTON, C. D., 1932. Recent advances in cytology. London.

Husking, C. L., & J. D. Spier, 1934. The segregation of heteromorphic homologous
chromosomes in pollen mother-cells of Triticum vulgare. Cytologia 5: 269-277,

ABHESE (Y. Isam), 1931a. He@aBof%ici < 8#). (On the structure of chromo-
sommes. Preliminary report). In Japanese. Japanese Journal of Genetics 7:
128-139. :

AR (Y. Isum), 1931b. Retaloi@lEo A <. (On the direction of chromo-
nema spirals). In Japanese, Bot. Mag. Tokyo, 45, 411413,



Chromosome Studies on Trillium kamtschaticum Pann. 11, 249

NEBEL, B. R., 1932a. Chromosome structure in Tradescantiae I. Methods and mor-
phology. Zts. f. Zellf. u. mikrosk. Anatomie 32: 251284,

NEBEL, B. R., 1932b. Chromosome structure in Tradescontiae II. The direction of
coiling of the chromonema in Tradescantic reflexa RAF., T, virginiana L., Zebrina
pendula SCHNIZL. and Rhoeo discolor HANCE., Id. p. 285-304.

RAil— (H. MATSUURA), 1934, B OBENH IS T,  (On the number of spiral
gyres in the chromonemata. A preliminary note). In Japanese with English
résumé. Japanese Journal of Genetics 9: 143—149,

MaTsUURA, H., 1935. Chromosome studies on ZT'rillium Lkamtschaticum Parn. I. The
number of coils in the chromonema of the normal and abnormal meiotic chromo-
somes and its relation to the volume of chromosomes. Cytologia (in press).

Sax, K., 1930. Chromosome structure and mechanism of crossing over. Jowr. Arnold
Arboretum 11: 193-220.

SHINKE, N., 1934, Spiral structure of chromosomes in meiosis in Sagittaria Aginashi.
Mem. Coll. 8ci., Kyoto Imp. Univ., 8. B.,, 9: 367-392,

Tavior, W. R., 1931. Chromosome studies on Gasteria III. Amer. Jour. Bot. 18: 367—
387.

Tuan, H. C.,, 1931. Unusual aspects of meiotic and post-meiotic chromosomes of
Gasteria. Bot. Gaz, 92: 45-66.



250 H. MATSUURA

Explanation of Plates

All the figures are photomicrographs taken from the same material and under the
same condition as those described in the previous paper. The lens combination was a
Zeiss apoch. immersion objective 1.4 mm. and Leitz Homal IV, giving a magnification
of 1660,

Plate XV, Figs. 1 to 7. Seven successive levels of a PMC (labelled No. 1, v. p. 240)
at metaphase.

Plate XVI, Figs. 1 to 8. Eight successive levels of a PMC (labelled No. 8, v. p.
240) at metaphase.

Plate XVII, Figs. 1 to 8. Eight successive levels of a PMC at anaphase.

It must be mentioned that these figures do not pretend to present exhaustive evidence
of all chromosomes; to give it far more pictures would have to be made to meet all
requirements of focal levels. In order to facilitate the understanding of configurations
in these cells, the following schematic figures were prepared, which were made after
prolonged visual study of the original slide. In these figures, the black part of the
chromosomes represents coils of senistrorse twist of the chromonemata, the patched part
coils of dextrorse twist, and the circle stands for the insertion region. The blank part
of the chromosomes is that in which the direction of coiling could not be ascertained.

Fig. 2.

(Refer to Pl XV, XVI and XVII respectively.)
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