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Chromosome studies in the genus Acer L.

II. Melotlc abnormalltles in PMCs of A. ]apomcum
THUNB. var. typwum Scuw

By

SENZI TAKIZAWA

(With Plate IT and 48 Text-figures)

Two maple species, Acer japom'cdm and-A. ornatum, which are usually
called “Japan Maples” as the typical répresentatives of the. maples in
Japan, are handy ornamental trees or shrubs with handsome or graceful
foliage which shows frequéntly a remarkable tendency to vary in shape and
colouring. They are also closely related With each other in morphological
any systematical vi,e\)\'rs, both belonging ‘to the same section Palmata (cf.
Komzumi, '11; RenbEir, *35). From the ¢ytological investigations on these
two species, however, it has been already found that the meiosis in PMCs
of A. japonicum var. typicum is rather irregular, whereas A. ornatum var.
Matsumurae shows no meiotic abnormalities (¢f. TaAR1zawa, ’40).

Researches on these meiotic abnormalities in A. japonicum var. typicum
were repeatedly and more accurately undertaken by the writer in the
following season, and at thi§ time the writer’s attention was concentrated
on what kinds of abnermality in what frequency oceur and on whether '
they are of individual characteristies or not.

Flower buds used were made available early in this spring. They -
were collected directly from growing trees cultivated in the experimental -
arboretum of the Laboratory in Forestry of our University. The bad scales
were first dissected away and the flower mass was immersed 1nto an 1:3
mixture of acetic acid and absolute aleohol, and preserved in this solution.
After about 24 hr., or,more, suitable flowers were selected from the in-
. florescences, and soaked in aceto-carmine for about 12 hr., then each flower
was taken on the slide and pressed gently with cover glass slightly heating
the whole preparation. By this rather simple method satisfactory results
_ have been obtained. In addition to this, the usual paraffin method was
also adopted, and in this case the staining procedure of crystal-violet-iodine

1)  Aided by a grant from the %elentlﬁc Research Fund, of the Department of
Eduecation.
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by SmirH was applied. '

. The writer wishes to acknowledge hlS indebtedness to Professor H.
MATSUURA for his kind guldance criticism and encouragement durmg the
progress of this work. His thanks are also due to the late Dr. 8. Yama- )
gucHL, for kind facilities offered to him, by which-he was able to collect
much material. Particular thanks are also due to Professor H. MATSUURA
for the photomicrographs illustrating in this. paper.

Meiotic condition ‘ \

The maples fall into two classes with respect to their time of flowering,
one blooming before the development of the leaves, and the other after
they have begun to expand. Excepting a few of the exotic species, e.g.,
A. Negundo, A. saccharinum, etc., a majority of the maples commonly found
in the region of Sapporo belongs to the latter group and blooms successively
during' the period from late March to late May. A. japonicum blooms
during the middle of April, and is followed by A. ornatum, A. mono, A,
sacchamm, A. diabolicum, ete. 4

* Without regard to the differences in time of flowering, these native
trees show in general the same conditions of reduection division which takes
place during the swelling of the bud. The tetrad stage is reached as the
anthers appear between the scales at the tips, and by the time when the
seales have opened, most of the anthers will contain pollen grains. From
this 'condition in the species with relatively condensed inflorescences it
might be expected that in any given bud the stages would: be almost
simultaneous, but contrary to this expectation it was found that there was
regularly a great variation showing every condition from mature arches-
* porium to young pollen grains in the same flower cluster, even in the lobes
"of a single anther. In the species with more complex inflorescences, as.
in A. japonicum, this variation in a flower bud in the time of development
reaches the highést degree. It seems likely that the development of flower,
buds in a condensed inflorescence would be accompanied with very rapid
_meiosis, and this rapid progress of meiotic divisions seems to be responsible
for meijotic abnormalities. It is already well known in many plants that
the normal meiotic procedure is more or less disturbed through the effects
of artificial changes of the environmental conditions, especially of .those of
temperature. If it is assumed therefore that the flower bud in develop-
mental conditions of A. Jjaponicum is very sensible to temperature changes

(it is usually changeable in spring), the melotlc abnormalities in this’
species, at least some of them, will be explamed as dependent upon the
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external or environmental conditions, although it cannot be decided why
the occurrence of various meiotic abnormalities in the PMCs is limited only
to one species, 4. japonicum, no abnermalities being found in other species
of the same group or in close relatives of the genus.

The meiosis in all the plants of 4. japonicum studied has revealed the
oceurrence of a number of different types of abnormality, i.e., supernumer-
ary fragments; failure of pairing, multivalent association, irregular separa-
tion of chromosomes, syndiploidy, and polyspory. A comparison of the
frequencies of abnormalities in the different individuals should shed some
~ light on the undetlying.causes of them. Therefore, to see what light they
throw upon the normal process of meiosis, the abnormalities in various
kinds will be described in the following,

Supernumerdry fragments

In normal PMCs 13 bivalents form the equatorial plate (fig. 1). The
secondary association of bivalents is sometimes seen also in this species, as
in other species of Acer, showing several groups of two or three bivalents
(figs. 2-6). Although various types of secondary association were not

-analysed in this species, the degree of secondary assodiation seems not to

be so0 great as that observed in A. ornatum (cf. Tari1ZzAWA, '40), for the
metaphase plates in A. japonicum occasmnally show no obvious secondary
association. ‘

It is an interesting fact that abnormal PMCs containing several super-
numerary fragment§ can be occasionally recognized (figs. 2-6, and 11-12).
As given in Table 1, these PMCs with fragments were observed in different
frequencies in four different indiyiduéls examined, and the number of
fragments also varied from one to four in different cells of the same flower:
the PMCs with one or two fragments were more frequent than those with
‘three, and those with four were rare. Obviously the fragments in question
are not univalents but constitute additional members of the metaphase
plates (figs. 2-3, and 6). Where the univalents are found together with
the fragments at metaphase, it is easily possible to distinguish them from
each other owing to the extremely small size of fragments which is about
one-fifth the normal bivalents, while the univalents are nearly the same in
size as bivalents (figs. 4-5, and 11-12). The occurrence of these fragments is
clearly ascertained also in side view nietaphase without univalents (fig.14).

During the metaphase some fragments appear to enter in the equatorial
plate (fig. 14), as the uhivalents usually do, but the fragments usually
remain in the cytoplasm (figs. 20 and 24). It .was in majority of cases
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Figs. 1-2. Polar view of the first metaphase, showing normal constitution
with 13 bivalents (fig. 1), and abnormal constitutions with supernumerary
fragments (figs. 2-6, 11 and 12), and with univalents varying in number
(figs. 4-5, 7-11 and 12); in fig. 9, eight univalents as the maximum number -
observed are shown. All the temporary smear preparations: figs. 3 and 8,
Plant No. 1; 2, 5, 7 ad 9, Planf No. 2; 10, Plant No. 3; 1, 4, 6, 11, and
12, Plant No. 4. X ca. 2400. ’
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impossible to locate them in late anaphase stage or in second metaphase.
Sometimes; however, they were observed to be included in the spindle
region, having evidently separated after the yothexg complements in PMCs
reached to the poles (fig. 33). From these irregular behaviours the inclu-
sion of fragments in the daughter nuclei at telophase seems to depend on
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their original positioh during first metaphase. When they were located
nearer to one pole, they may be included in one of the daughter nueclei.

.When they were situated in the equatorial plate, they may divide later than
the other complements in PMC and each of the halves may be included in .

the daug’hter’nuclei if the division of them occurs during early anaphase,
while 1f it oceurs during late anaphase, after the chromosomes already -
moved to the poles, the chance of them bemg included in the telophase
nuclei-may be rare.

Such behaviours of fragments are expeeted to oceur at second division,
but it could not be stated with certainty, because the second division plates
showed more frequently various ahomalities as the results of other irre-
gularities at. first division, such as multivalent association, lagging echromo-
somes, efc. (v. Mfra) }

The inclusion of supernumerary fragments in meiotie chromosome com-
plement is not rare in plants, for. many species with supernumerary frag-
ments have niow been found. However, when compared with the fragments
found in other species, it can be pointed out that the present ease is charae-
terized by several peculiarities which seem to be very unique and are diffi-
cult to explain.

Table 1. Frequency of the abnormal PMCs containing
supernumerary fragments (f)

Chromosome No fragment Cells with fragments '
association |° g Total
. o 1f 2f  3f 4f total
normal (1311) 11 2 5 1 1 9 20
Plant No. 1 1.others 15 —_ = = = 0T 15
total T : 9 35
: (74. 09%) , (25.71%)
normal(18m) 8 | 5 11 6 1 o 41
Plant No. o | others 19 2 5 1 — 8 27
: total 37 31 68
: (54.41%) (45.59%)
R normal (1311) /22 21 23 11 8 63 ‘ 85
Plant No.3 | others 27 | 2 6 1 1 1 | . 38
total 49 : 74 123
(39.849%) -1 (60.16%) |~
normal(13:)| =~ 30 ‘22 29 3.°35 64 94
Plant N0’4 others 32 6 7 2 1 16 48
: total 62 . 80 142
.- (43.66%) " | o (56.34%) -
Total 174 : . 194 368
Average - 47.289% "1 P 52.72% :
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1) In the first place, it will be pointed out that PMCs with fragments
occur in unexpectedly high and variable frequencies, as shown in Table 1,
the percentage of PMCs with abnormal constitution, s.e., the eells contain-
ing the fragments in addition to the full complement, is not uniform. Plant
No. 3 has the highest percentage of these PMCs, i.e., 60.1(3%, which is
followed by Plant No. 4 and Plant No. 2 with 56.34% and 45.599%, respec-
tively. In Plant No. 1, abnormal cells occurred in the lowest percentage,
25.711%. : :

It will be noticed here that the chromosome assoclatlon even if without
regard to the fragments, is not regular due to the occurrence of multivalents
and univalents, which have been occasidnally recognized together with the
fragments in the same PMC. With respect to the relation of the chromo-
some association to the occutrence of fragments, it was noted that the frag-
ments were met with much more frequently in the cells with 13 bivalents
than in those with other chromosome associations, and that in Plant No. 1
the fragments oceurred only in the cells with hormal 13 bivalents, while
. the cells with other chromosome associations had no fraginent. However,
there was nothing to indicate any correlation between various chromosome
associations and.the occurrence of fragments, so that the existence of frag-
ments in A. japomicum may be said to be independent of the various
chromosome associations. Thus, out of the total number of PMCs, 368
cells, from four different plants, 194 cells (52. 72%) contained fragments
without regard to the types of chromosome association. Such a high per-
centage of fragments constitutes one of the most striking characteristics of
meiosis in this species. i '

2) Secondly, there is no numerical stability in the fragments of
A. japonicum, since, as already described, some cells possess the fragments -
in various numbers ranging from one to four, while others do not contain
any fragment. Such a numerical instability of fragmen‘es in this species._
* seems to be unique, no such an instance having been known in other plants. .

3) The supernumerary fragment chromosomes are in general believed
to be small portlons of chromosomes originated by fragmentation of
duplicated "chromosomes resulted from polyploidy or non-disjunction; it
is then usually found that mitotic fragments correspond to meiotic ones,
eg., Tradescantia virginiena (DarvuiNgToN, '30; KoLLer, '32), T. paludosa
(WHITAKER, ’36), Lilium Henryi and L. japonicum (MATHER, ’35), Secale
cereale (DARLINGTON, "33 ; HAsEcawa, ’34; Takacr, '35), Arachis Rusterio '
(Hustep, ’36), ete. - Consequently, it must be determined whether mitotic
- fragments- exist or not in A. japonicum too. In archesporial cells at pre-
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meiotic divisionsV. the mitotic metaphase plates were examined, but the
somatic chromosome number did not differ from the usual number (2n=26)
found in this genus (v. fig. 13, in No. 1.of this series):

As a matter of fact, however, there is a doubt becatise the fragments
are so small that they would have been concealed among the major ehromo-
somes and failed to be found out, sinece in Acer the major chromosomes
themselves are sometimes difficult to distinguish from each other due to

~ their small size (¢f. No. 1 of this series). Therefore, to ascertain the
_above statement that the somatic cells of A. japonicum have no additional

chromosomes, it requires still further studies of mitotic division.

4) The additional meiotic fragments found: in other plants show in
several and different types to associate among themselves or with major
chromosomes, or their association takes place only among themselves and
never with major chromosomes, although in a proportion of cases the frag-
ments fail to pair. This variability in pairing.of fragments is- generally
interpreted on the basis of the assumption of the chiasmatype theory.
Thus, the following characteristics of the fragments in one species, or. at

- least in some definite individuals within a species, i.e., the pairing property

during meiosis, the constant and numerically stable occurrence, and their
maintenance at mitosis, suggest.that the fragments are not merely segmental
fractions but small chromosomes provided with individuality, since they

"have_obviously their sp{ndle fibre atfaehments_(cf. DarLINgTON, "37).

Very unlikely to the fragments in the above named examples, those
in A. japonicum show no marked indication of pairing, which is the fourth
peculiarity to be noted. They are usually found free from the other
complements and from each other (figs. 2, 5, 11, 20 and 24), although
where even numbered fragments (two or four) occur, sometimes there is
a tendency to indicate that two of them lie next to each other (figs. 3, 6,
12 and 14). ) , : . ‘

5) . Furthermore, we know that in some plants expermentally arisen
by crossing between individuals with different chromosome sets, or in
mutants havings spontaneously oceurred, their meiotiec chromosome comple-
ments happen to contain some fragments, e.g., in trisomie tomato (LEsLy

‘and LEsry, ’29), in triploid progeny of Avena (Nisuivama, '34), in triploid

selfed of P\etunia, (Marsupa, ’35), in monosomic derivatives of Nicotiana

i

1) Unfortunately the writer failed to raise seedlings from this species, since the

'séeds,'though ‘they were not abundantly sown, did not germinate inspite of repeated

gndert‘akings during two years. It was also in practice impossible to obtain the root-
tips containing actively dividing cells from grown large trees.

'
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tabacum (OLmo, ’36), in trisomics of N. sylvestris (G OODSPEED an‘d’AVERY, '
’39), etc. In these cases the fragments are usually constant in number,

but rarely found to'vary from cell to cell even in the same individual, ag

in N. tabacum coral haploid (LaMwmEer®s, '34), in the plants from irradiated
rice seeds (PARTHASARATHY, ’38). Evidently the chromosome constitutions
themselves of these examples are in an unbalanced condition either due to
lack of the complete set of chromosomes, or due to duplication of one or
more chromosomes. It is then understandable that such numerical and
structural hybridities play an important réle for the occurrence of frag-
ments.

However, this is no_t‘the case of A. japonicwm, because the present
material seems to be a balanced diploid species, although eytologically Acer
as a whole has been inferred to be secondarily balaneed diploid with the
primary basic number of five (¢f. No. 1 of this series), and because there
" is no evidence suspecting its hybrid or mutant origin. -Although A. japoni-
cum contains many varieties or sub-species characterized by various mor-
phological differences in leaf shape and colouring, its variety typicum here
investigated is constant in its external morphology. Therefore, it may be
said that the oceurrence of fragments in A. japonicum is due to some causes
different from hybridization in broad sense,

VYarious chromosome associations

As a rule 13 bivalents are formed at first metaphase in ‘all the plants
examined, but occasionally multivalents are-found.- In.the polar views of
metaphase plate, bivalents -often show secondary association in varying
degrees, so that it is difficult’ to distinguish whether the groups of chromo-
*somes observed are due to true multivalent association or to close secondary
association. - In favourable side views, however it is possible to identify
real multivalent association.

The multivalents commonly found were quadrlvalents (figs. 13, 18-21,
and 23-24); but rarely the occurrente of trivalents together with quadri-
valents was met with (figs. 15, 17 and 22). Multivalent associations found
in A. japonicum are characterized by their number and type; i.e., first,
there are 1o more than two quadrivalents, and no- other associations higher
_than quadrivalents per cell; secondly, the chromosomes constituting multi-
valents are found to associate in varying forms, although they nearly
always form the end-to-end connexion, viz., four chromosomes in ring or
chain giving quadrivalents, and three in chain giving trivalents. Uni-
. valents, as many as eight, have been observed at first metaphase, together

.
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Figs. 13 14. Slde views of the first metaphase or early anaphase, showmg various
chromosome conjugations consisting of uni-, bi-, tri-, and quadnvalents These various
chromosome associations (q'v Table 2) drawn separately in the analysis of selected

.

observations of side views, in which a fair degree of certainty was attained. Note the

fragments occupying a random position to the equatorial plate (figs. 14, 20 and 24):

one or two bivalents being occasionally non-orientated to the equatorial pla.te (figs. 183,
15, 17-21 and 23). TFigs. 13,16, 19 and 23-24 from the permanent preparations (aceto-
alcohol erystal-violet), others from the temporary smear preparations (aceto-aleobol:
aceto-carmine) : Figs, 15, 17, and 22-23, Plant No. 1; 14 and 18-19, Plant No. 2; 13,
21, and 24, Plant-No. 3; 16 and 20, Plant No. 4. X ca. 2400.
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with multivalents or without them (figs. 13, 15, 17, 19-20, and 22-23).

A summary of the various chromosome configurations obtained is given
in Table 2.. There is nothing to say on the correlation between the chromo-
some associations and the fragments in question in their causal relation-
ship, and so the grouping of the PMCs in this table has ‘been undertaken

 without regards to the fragments. The PMCs observed were thus divided
into three groups; viz., (1) PMCs with 13 bivalents normally; (2) those
with both bivalents and univalents varying in their numbers; and (3) those
containing ome or two multivalents, correspondmgly less bivalents, and
umvalents 111 addltlon also varymg in number.

Table 2- Frequeney of PMCs with various chromosome. assocmtlons
‘ at first’ metaphase.’ o

Chromosome Plant No.1 | Plant No.2 | Plant No.3 j} Plant No. 4

association n £ n f n £ n £ Total
1311 - 9 18 23 22 63 30 64
total w20 41 85 04 240
; (57.14%) (60.29%) | (69.119%) (66.20%) 65.23%
g2 (V8 0 | 8 o0 | 14 7 | 20 5
1ly7+43 1 0 | 38 1 3 0 7 1 (fig. 16)
1011+ 61 1 0 \0 2 | 1 0 4 0
Orr+8; 1 0 1. 0 — - 1 0
- ‘total 6 . 15 25 38 84
(17.14%) (22.06%) (20.33%) (26.76%) 22.83%
1y +115 e 0 3 2 3 1 0, 3 |(figs.18&24)
Liv+10p+2r | - 1 0o | 2 0 - = 0 3 | (fig.20)
Liv+9r+4 i 0 - - 0 .1 0 2 (fig. 23)
1rv+811+61 - - g 1 1 1 0 1 (fig. 19)
2rv+91r . — — 0 2 1 0 0 1 (fig. 21)
2rv+Trr+4; —_ — 2 0 (fig. 13)
Iyv+1mp+5mn+1| 8 0 2 1 (fig. 22}
v+ I+ 8i+3;) 1 0 (fig. 17)
v+ L+ T+ 1y 1 0 : V | (fig.15)
total S 9 12 - 13 . 10 44
(25.71%) (17.65%) (10.57%) | - (7.04%) 11.96%
Total - 3 | 68 123 142 368

'N.B. - n=PMC without fragment £=PMC with supernumerary fragments varymg from
one to four (qv Table 1).

1) The.percehtage of the cells ﬁelonging to' the first groﬁp may be
taken as a measure of the regularity. of meiosis in each plant. Plant No. 3,



e

Chromosome studies in the genus Adcer L. " 273

in whieh the normal PMCs are in 69.11%, appears to have the most regular

meiosis, and it is closely followed by Plant No. 4 (66. 20%) The remain-

ing two plants, No. 2 ‘and No. 1, show somewhat less regularity, having
60.29% and 57.14%, respectlvely
2) The cells in the second group, which contam univalents varying

, from two to eight, could be easily counted in polar view of metaphase, and

their frequencies in all the plants examined were similar. Thus the average

- frequency of this group. (22.83%) is not so variable as that of the third

group. .- This rather regular occurrence of univalents could be further con-
firmed at anaphase, and is significant to its origin (. nfra).

3) It must be taken into consideration that the frequency of the
cells belonging to the third group will not be apt to show the real frequency
of them. Because, only in side views of metaphase the true multivalent

_association was possible to be identified exactly, and therefore the observa-

tions were mnecessarily subjected to considerable limitation. This may be

'the. reason why the frequency of these cells is so variable ‘and different in

each individual ranging from 25.71% to 7.04% (11.96% in average).
Though the frequency of PMCs with multivalents is variable and low
in every plant examined, its general occurrence in A. ‘japonicum seems to
be noteworthy in connexion with the view that the apparent basic number
of 13 in Acer will be of a secondary balaneed nature (cf. No. 1 of this
series), which may now be evidently supported by this variability of
chromosome conjugation, for it indicates by itself the feature of polyploidy

" in Aeer. Similar situation of various chromosome associations in “diploids”

has been found in the studies on the chromosome constitution of the
Pomoideae, including apples, peaches, -and. pears, Pyrus, ‘which has the

apparent basic number of 17 which should be regarded as the unequal.

reduplication of the primary number being seven (cf. DARLINGTON and
MorrETT, '30.; MorreTT, '31; HEILBORN, '35).

It is also interesing to notice that the dlﬂ’erences 111 the amount of
secondary association and of the multivalent formation are found between
two closely related species, A. japonicum and A. ornatum: first, the degree
of secondary association appears to be less evident in 4. Japomcum than
in “A. ornatum, such as has been’ demonstrated to be less pronounced in
pears than in apples (MorFETT, '34) ; secondly, the general oceurence of
multivalents in A. japonicum is remarkably contrasted to the absence of
them in A. ornatum, just as the difference between Prunus domestica and
P. institia, though these are both not diploids but hexaploids (MarxER, 37).




271 ' ‘ 8. TAKIZAWA ) .

Irregular anaphase separation

As the conseqnence of various chromosome associations found at first
metaphase, .there occur various 1rregular1t1es in anaphase chromosome
separation. Three kinds of 1rregular1ty were actually met with: (1
lagging unlvalents (2) laggmg bivalents, and (3) chromatid brldges

1) As many as five univalents have been observed lagging to divide

on the equatorial plate after the bivalents separated to the poles, and in

general the dividing halves of them appeared to reach to the. poles and
to be included in the daughter nuelei (figs. 28 and 33). Sometimes, how-
ever, both of half-univalents move towards one pole (fig. 31), suggesting

that the division and inclusion of them in daughter nuclei depend upon
their position-during first metaphase, in. which univalents were occasionally .

" situated at ran¥om’ out of the equatorial plate (figs. 13, 16,-19 and 23).
At the second anaphase some chromosomes also lag between the chromo-
some groups (figs. 37-38, and 41), or lie off in the cytoplasm (fig+ 37)
after the others passed to the poles. The majority of these laggards at
the second division are presumably the halves of univalents which had
split at first division, but sometimes the univalents themselves which were
undivided . and included in one of the. nuclei at.first. division.

The frequency of PM(Cs with lagging univalents at first anaphase is
given in Table 3. The results are paralle! to the frequency of univalents
occurring at first metaphase (v. Table 2), excepting that one individual,
Plant No. 2, showed a very high frequency of lagging univalents (over
60%) which does not eoincide with the frequency of univalents observed
at first metaphase. This exeeptional e.ase, however, is assumed to be due
to some special conditions to which this material was brought at the time
of observatlons and not to represent the real difference of thls plant from
others

2) It w1ll be noticed that at ﬁrst anaphase not only univalents but
some bivalents; as many as four in one PMC, also lag in dividing (fig. 25)
though their frequency is extremely low in-all the plants examined, i.e.,
“the highest percentage of the cells Wlth lagging’ blvalents is only 2.256%
in Plant No. 4.

The lagging bivalen_ts are, however, significant in relatibn to the origin
of anomalous anaphase divisions, for in niajbrity of 'casés they will réach
to the poles in time to be included in the daughter nuelei, but in some
cases they failed inclusion in the daughter nuclei and remained in the
_middle of the cell (fig. 7 in P1. I), then through the very short interkinesis

;

4
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Figs. 25-33. Anaphase separation of the first division. 27: Normal separation with 13
chromosomies in-each chromosome group at early anaphase. 26-and 30: Side views of
early anaphase, showing the numerically normal but non-simultaneous disjumction of
bivalents. 25: Late anaphase with three lagging and dividing bivalents in centre. 28
and 31: Anaphases with one and four univalents lagging to. divide, respectively.
Chromatid bridge without fragment at late anaphase. -32: Anaphase with a chromatid
bridge and two fragments.  38: Two univalents lagging and dividing in céntre, ‘and in
addition two fragments also. lagging in centre to divide. All figs. from the aceto-carmine
reparations: figs. 25, 27 and 30 Plant No. 1; 26, 29 and 31-32; Plant No. 2; 28 and 33,
lant No. 4. X ¢a. 2400. ’ - )
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Table 3. Frequency of PMCs with lagging univalents (I), laggmg bivalents (II),
and chromatid bridges (b) at first anaphase.

'-st;gg;:}c?;ﬁ o2 3% 4# 5!- ;11 21 311 41| b - b+£H Total
Plant No.1| - ‘40 21 10 2 — | 2 1 1 1 7 3
(7-flowers) — - ) . —
total 267 73 5 : 10 355
75.21% 205.6% 1.41% 2.82%
~ Plant No. 2 . 27 16 13 4 2 | 1 1 — — | 3 2
. (8-flowers) o~ — J — v 4 S
total 38 72 “ 3 2 117
, 32,48% 61.54% 1.711% 4.27% '
Plant No. 3 ' 16 11 6 4 — | 2 1 — — |.5 1
(5-flowers) N ——— — S ——
total 136 37 3 - 6 182
74.73% : 20.33% . 1.65% 3.30%
Plant No. 4| 14 16 5 3 1 2 1 1 — |5 3
(6-flowers) | . - ~ J < . , —
total 127 39 4 8 178
Sl 71.35% 21.919% 2.25% " 4.49% '
Total 568 201 14 29 | 832

* The case that both fragments and chromatid bridges are found between two
anaphase chromosome groups as in fig. 32.

they presumably resulted to the bridges ‘at second metaphase between two
equatorial plates (fig. 38; and fig. 2 in P1.-I). It must be here emphasized
that in a_ large proportion of cells even in the normal PMCs, the end of

metaphase or the beginning of 4naphase is extremely marked by the division .
of chromosomes which is not simultaneous. As has been found in figures -
26 and 30, the anaphase separation has begun for some bivalents but not
for all.- Therefore, when such a nonsimultaneous chromosome separation
takes place,in the extreme degree during metaphase-anaphase, it results
that some bivalents come late in dividing and lag on the centre. Hence it
may be said that /t’h’é lagging bivalents are at least partly due to the failure
of synehronisation in the time of division of the chromosomes. - ‘

3) More less frequently than th,e lagging chromosomes, chromatid
bridges were found at both first. and. second anaphases. ‘As it is given
also in Table 3, the frequency of PMCs with them at first anaphase varies
from 2.82% to 4.49% in the four plants examined. It is a remarkable
fact that the chrOmatld bridges found in the present study were in the
majority. of cases without their accompanying fragments (fig. 29, and fig. 3
in PL 1), or at least these passive fragments (acentric chromatids) could
not be i;e‘cognized ‘with certainty, Where the fragments actually oceurred
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Figs. 34-42. Metaphase and anaphase of the second division. 34: Normal * second
metaphase. 35 and 42: Metaphases showing irregular distribution of chromosomes in
two chromosome groups, 39: Metaphase with two non-incorporated .chromosomes into
metaphase groups. 36: A bridge formed between two metaphase chromosome groups.

38 and 41: Anaphases with three and one chromosomes lagging in centre of two anaphase

chromosome groups on one side, respectively. 37: Anaphase, showmg both plates. of
two anaphase chromosome groups each with a lagging chromogsome in centre, and one
chromosome lying off in the cytoplasm. - 40: Late anaphase showing a chromatid bridge
formed between two anaphase chromosome groups on one side. All aceto-carmine pre-
parations: figs. 37-39 and 41, Plant No. 1; 36 and 42, Plant No 2; 34 and 35 Plant
No 3; 40, Plant No. 4. Xca. 2400

—

at anaphase (fig. 32), it- could not, be clearly ascertained :in thlS spee1es

whether they are real passive fragments ongmatmg from the breakmg of

chromatids durmg metaphase-anaphase, or Whether they are the super—
numerary. fragments above mentloned being included at random into the
spindle region of anaphase. This fact is at variance ‘with the assumption

v




278 ) S. TAKIZAWA

that bridge§ are due to the occurrénce of chlasmata between two dislocated
chromatids (cf. DARLINGTON, ’87). ‘

Irregularities of the first anaphase separation result also to the varia-
bilities &f. the-total number of ‘chromosomes of* two second metaphases:
some PMCs gavé the accounts of less than 26 chromosomes (fig. 35 and
36), and some others those of more than 26 (figs. 39 and 42), although
their detection was frequently difficult partly due to the earlier splitting
of some half- blvale'nts into two chromatlds and partly due to the persistent
groupmg of assoelated chromosomes which may be a continuance of the
firgt division relatlonshlps in; secondary: association. Such variabilities of

. total chromosome number of two second metaphases are explicable as due

to that some multivalents resulted to a certain extent to the non- disjune-
tion, or due to that some univalents isolated in the cytoplasm at first
d1v1s10n did, not be 1ncorp0rated in the telophase nuclel Or due to that
some umvalents have divided twice.

)

" Binucleate PMC and the abnormal sporad® formation

The occurrence of giant PMCs with two nuelei may originally differ
from those of :chromosomal 1rregular1t1es above described, becaunse the binu-
cleate PMCS could be detected throughout the whole meiotic division
regardless to the other: ahnormahtles found, and the frequeney of them,
as it is- glven jn Table 4, showed to be similar i in the four plants examined:
with the shght differences varymg froi 4.8.% to 6.41%. The distingtion
between normal and giant PMCs was easﬂy possible due to the latter being
about twice in volume (fig. 43), although in no case it ‘was possible to
determine the exact number of chromosomes in these cells. These giant
cells ‘are undoubtedly due to two diploid nuclei having been fused either
eompletely or mcompletely When they are fused completely, it results
in a tetraplmd nucleus and when mcompletely the two nuclei may be some- -
times sub;ect to . independent division.  These syndiploid PMCs should
necessarily reveal more irregular chromosome behaviours than those in

1) The term‘ tetrad has beén widely adopted to designate the groups of four cells

formed at the tetrad stdge. However, where these groups do not always consist of four
<" eells: but vary in \theix number of gells, viz. monads, diads, triads, tetrads, ete., the term
sporaq Q%ms ‘more appropriaté to. use for these varying groups including thevtetrads 100,

in order to avmd its termmologlcal confusion. This term has been proposed by WEBBER

)(*33), and later supported by Ivanov ('38) and Tomerorr ('39). In agreement with

them, the writer uses this term sporaid for the ‘groups of cells at tetrad stage hmltmg
the term'tetrad only to-the sporad which eonalsts of four cells.
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- . Table 4. _ Frequency of normal and binucleate PMCs in aummlng of . )
e , 5-ﬂowers ia each plant. o ; . S N

: :~;-/ e .Bmuc]eu@_ o ; o »
Single nueleus |—————————— — Total - L
1. - | Incomplete | Complete -|" = total - | el S
Lt —t: —— - P D T o
. - PlantNoe.l{ -~ 200.. |, 14 . | 4 ~ ' 18 " TN
I v Ao417%) | . . Ty (883%) . [ -
" PlantNo.2 | 205 | - 11° | 4 15 |7 s
o (e5a6%) o o o | (4.84%) v
PlantNo.3 | . 811 - |- 9 | 7. k16 | sm .
o (95.11%) - . sy |
~ Plant No. 4, 336 T - 15 '8 R TR R
T - (e8.599%) T eaw |
Total | ° 1288 St ol g2 . | 1305
\Av'evragc i 94.48.% .o Co .t (5.52%)- S S

~N

' ‘normals, owmg to mterferences caused by the presence of fwo spmdles in R
& single cell. 'Evidently in these cells the disjunction of blvalents at ﬁrst' '
anaphase was found to be imperfect.
‘ Where u syndxplmd PM(C in. which two nuclel were completely fused,

- has undérgone the first dmsxon (fig. 46), we have two second - metaphase : .
- . plates each with the unreduced_ numbér of 26 (fig. 44). Where a'partially -~ .~
. «+  fused syndiploid PMC’ has independently- formed two ﬁrst anaphase groups -~ o

.giving an ‘appedrence of a Second anaphase in Tormal ones (fig. 45), the
' second anaphase will consist of -eight chromosﬂme groups. each with the
T norma.lly reduced number, 18, instead of four in.normals. 'If in one of :
‘these two first: ‘division groups the division has. been suppressed atsecond [
anaphase there are 13 chrcinosomes in either- group of the one side; and = N
26 chromosomes-in another group of the other side (fig. 47), indicating =~ -
[ SRR o ‘the formation of a hexad, which will contain four mlcrosporcs -each wlth-
, " the normally reduced thromosome number and the remaining twe each o
2% .with the unreduced number In addition to/\tlfese comparatively simple . . . _-
v types of division in the synd1p101d PMCs, many other cases with -more o
complexity have been ev1dent1y found, in - ‘whieh their conﬁguratlons are <~
* tod irregular to be said about with certainty. . - s
, The existence of such _binucleste. PMCs ‘is of great szgmﬁcance in -
regard to.the produetion of gametes w1th the‘unreduced or even anenpimd . S
_number of chromosomes The two. me;otlc abnormahtlea, viz, the nulhﬁca— =y
tion or suppression of elther memtw dmsmns and the 1rregu1ar dstunctmn" . :
and dlstnbunon of chromosomes, occurred in bmucleate as well as smgie s

o

/
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Figs. 43-44. 43: Tlustrating dif-
ference of cell size between the
binucleate PMCs (two cells mark-
ed ‘D’) and the normal ones. Note
the meiotic stages found in nor-
mal size PMCs varying from late
diakinesis to tetrad stage. 44:
One binucleate PMC marked ‘b’
at second metaphase, in which ap-
proximately tetraploid number of
chromosomes (26) and a chro-
matid bridge between two meta-
phase plates are shown. Note the
second anaphase in the other
normal diploid cells. Fig. 43 from
the aceto-carmine preparation of
a flower in Plant No. 3; xca. 500:
44 from the permanent prepara-
tion of Plant No. 2 X ca. 1450,

nucleate PMCs, together with this occurrence of binucleate PMCs itself,
may thus be three causes in the present species leading to the formation
of abnormal sporads of varying size and number which will be, in corre-
sponding frequencies to those of meiotic abnormalities, formed at tetrad
stage, instead of the normal tetrads of equal size.

Evidently the normal tetrads have most frequently occurred, but the
number of cells in a sporad was occasionally greater or smaller than four;
i.e., frequently large tetrads, octads, and hexads, rarely diads, triads, and
pentads, and no monads and septads have been found. In these abnormal
sporads, microspores and microcytes of varying size and number are formed
occurring usually in pairs, but there is no sharp line of demarcation be-



-

* mierospore. * Therefore, by the ac-

: \
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tween a large microcyte and a small

count. of sporads somewhat arbitr-
ary groupings were made, without
regard to the size differences be-
tween the microspores and micro-
cytes but only by considerring the
total number of them in a sporad.
The sporads in figure 48 illustrate
this variation which extends from
diads to octads. - Table 5 shows the
different classes which were found
in the four plants examinéd. Two
kinds of tetrads are of interest in
relation to the occurrence of syndi-
ploid PMCs: one is the normal
small tetrad with four equal sized
microspores and is present in the
majority of cases; the other is the ‘ .
large tetrad which is about twice Figs. 45-47. Three giant syndiploid PMCs.
4n volume. Where the meiosis in 46: Binucleate cell showing ‘the complete
. , . . . fusion of two dipldid nuelei, in which there-
binucleate PMCs takes place In fore the number and, behaviour of chromo-
normal manner, the results may Somes”are as it were of a tetraploid PMC.
. . T . € may 45 and 47: Binucleate cells showing the
give rise to the formation of octads, incomplete fusion of two nuclei, in which
in which eight microspores must therefore the division of two chromosorhe
. i groups has more or less independently oc-
contain the 13 chromosemes in curred side by side in a single cell. These
v two cells are the same as a left-lower cell
normal reduc(?d number. . There- and a right-upper cell (both marked ‘b’) in
fore, where in thede binucleate fig. 43, respectively. All acetocarmine pre-
PMCS one Of the diViSiOHS has been parations of Plant No. 3, X ca. 2400,
prevented, large tetrads, each nucleus being tetraploid, or approx1mately
so, may have resulted.
It wil*be seen from Table 5 that the frequency of abnormal sporads

seems to indicate that those have chiefly resulted from the binucleate PMCs,

" but occasionally the formation of them depended on the laggards scattered

at random in the cytoplasm, .and also on the bridges which prevented the
anaphase separation. This is evidenced by the fact that the abnormal
sporads oceur always moré frequently than the binucleate PMCs: viz., Plant
No. 1 has the highest percentage of the abnormal sporads, 10.91%, while
the highest freqileney of binucleate PMCs in Plant No. 4 is 6.41%. Tt

\ ..




v

282 : 8. TARIZAWA

" Fig: 48. Tetrad stage of PMCs showing the various sporad formation\. These ‘
sporads were obtained in selection from one slide (aceto-carmine preparation)
of a flower in Plant No. 3. xcd. 1200, . .

S

Table 5. Frequency of the various sporads found at tetrad stage.

A )
Normal | Disd  Trisa fAT8® Pentad Hexad Octad Total
Plant No. 1. ’ 1] 0 6 1 4 5
(2-flowers) .
‘total 141 16 157
: 89.81% ' 10.91% :
Plant No, 2 2 0 5 1/ 73 4
(2-flowers) : : .
total 179 15 : 194
| 9227% ; 1.73% C :
Plant No. 3 0 2 30 .2 6 27
(5-flowers) ) ’ P
total 686 _ 67 R - 753
, 1 oe110% | 8.90% g :
Plant No. 4 3 1 0 2 0 3 3
(2-flowers) o : ) , :
"~ total 122 . . 9 : - 131
, 93.13% S e81% - - oo
S : '3 2 43~ 4 16 . 39 -
) . o o ) Total no. of abnormal sporads
Total - 1128 . - 107 | 1285
=1 Average 91.34% P | [ 8,649 ’ ol
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proves further that the ‘percentages of the abnormal sporads correspond,

within the degree of possible divergence, to the percentages of binucleate -

PMCs -plus those of cells with lagging bivalents and chromatid bridges
(v. Tables 3, 4, and 5): d.e., 10.91, 7.73, 8.90, -and 6.87 percentages of

~ abnormal sporads are roughly comparable with 10.06, 10.82, 9.84, and 13.15

percentages in the sum of binucleate PMCs and cells with lagging bivalents
and bridges, tespectively. The discrepancies are very likely due to the
facts that some lagging bivalénts become regularly included in the telophase
nuclei and are not concerned with ‘the formation of abnormal ‘sporads.
From this eomparison of the frequeney of abnormal sporads with that of
binucleate PMCs, we can safely assume that almost all the abnormal sporads
result from binueleate PMCs, but sometimes-are due to the laggards and
the chromatid bridges in ‘the normal PMCs as well as in the binucleate
ones. . ' . :

. Pollen abortion may be expected in corresponding frequeney to. the

: pereentages of the abnormal sporads. However, unexpectedly apparent

good- pollen grains were found in nearly 100 percentage in any given ripe
anther. However, lacking the estimation of - germmatlon power of these
morphologically normal and viable grains, it is very diffieult to determine
only from the cytoplasmic contents whether pollen grams are funetional
or non- functlonal :

/ Interpretation of abnormalities

We see now that certain prior causes may affect the normal eourse of
meiosis, giving rise to so many abnormalities .'ipdepenflent from each other,
or resulting together- into a consequence, therefore certain different con-
sequences can freguently follow the sameé antecedent, or vice verss. Thus
the effects of the prior causes leading the meiotic abnormalities, cannot be
accurately determined by the mere observation of - mejosis. Only after ‘a
careful study of more different species and their progenies collected from
many different conditions of environment, any of the underlying causes
responSIble for the abnormal meiotic eonditions may be definitely. confirmed.
Evidences obtained in the ‘present observatlon are far away from such a
completeness, however it may not be impossible to suggest at least im-
mediately causal™ relationships of the meiotic abnormalities to the normal

~course of meipsis, and in this connexion the abnormalities here. observed

will be enlightening. = As an attempt to considér what matter may be econ-

-..c¢erned with meiotic. abnormalities of A~ Japomcum, It W111 be possible to

inelude: them into the followmg three heads v |
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-

(1) Spontaneous dlsturbanee of regular m1t051s at the pre-meiotic
division. S

(2 Immedlate actlons of the oceurrence of multlvalents and of blnu-
cleate PMCs upon the meiotic division. ,

*(3) 'Failure of synchmmsatlon of ehromosome behavmur in the tlmev
of division, with the co-operating effects of rapid progress of meiotic
division. : ,

The numerically. 1rregular inclusion of fragments in addition to the
normal constitution of 13 bivalents in this species is an unexpected and
therefore most interesing feature which is difficult to. explain. Their be-
haviours observed indicate that the following peculiarities can be recognized
in comparison with the meiotic fragments found in other speeies; viz., first,

the variable frequencies of PMCs containing the fragments in the four .

plants examined ; secondly, the numerical 1nstab111ty in the same plant;
thirdly, the normal mitotic constitution with 26 chromosomes at premeiotic
division in archesperial cells, which may lead to the assumable regularity
of the mitotic constitution in the other somatio tissues of this species;
fourthly, the unpaired-quality during meiosjs that the fragments in ques-
tion do not assoeiate among themselves nor with the major chromosomes. ..

However, presumably the oceurrence of these fragments must be due
to some disturbances at the pre-meiotic divisions giving rise to non-disjunec-
tion and fracture of one or more chromosomes. Of course, the interpreta-
tion of such a disturbance at the: pre-meiotic mitosis is at present a matter
for conjecture. However, if it was true in A. japonicum, the fragments
should have been formed in some archesporial cells due to segmental frac-
ture of one or more duplicated mitotic chromosomes, and should be trans-
mitted to the PMCs in such cases.. Thus the results might reach to that
no plants of A. japonicum possessing fragments regular and constant in
nuimber have yet been observed.

The supernumerary fragments of this species, on the other hand, would
not be transmitted to the offspring, since they are likely to be disintegrated
into the cytoplas—m'during,moiosis. . Therefore probably the appareént good-
pollen found in this species do not contain the fragments, although-the
abnormal chromosome ¢onstitutions in pollen grains can be expected from
the various chromoesome associations other than the bivalents.

- There is still another. possublhty to infer the origin of fhe fragments,\
They would be not the ehromosomal fragments but the so-called persisting,

" nucleoli- during meiosis, as in Fritillaria (FB,ANKEL, ’37), in. Oenothera

(PATHAK, ’40), in Brassica (SIKKA, 40), in which some nucleoli bemg in-
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‘constant in number_and size from cell to: cell, and therefore recognizably
fiddrent from the chromosomes, have remained persistent even wurtil dt -
first telophaée two daughter nuclei are re-formed. If it was ‘also the cdse
in A. japonicum, the fragments found would have been more frequeﬁt in
number and more various in size than those known in therp'resent observa-
tion. This is, however, hot the only satisfactory datum to deny the occur-
“rence of persisting nueleoli in A. japonicum. On the contrary, regardless
of the comparatively less number and the nearly always constant size of
the fragments of A. Jjaponicum in eomparison with those of the persisting
nueleoli fournid in the examples above named, it would rather tend to sup-
port that the fragments of A. japonicum might be persisting nuclecli. In
~order to determine if any of these two interpretations is- reasonable 1o
‘satisfactory data could be yet obtained. o

Cytological observations show that the genus Aeer ¢an be 1nferred as
- a group of secondary: polyploids with the apparent basm number of 13
resulting from the unbalanced multlpheations of ‘the prlmary basic set .of .
five (¢f. No. 1 of this series).

The chromosome conjugations other than the bivalents are always
found as a common meiotic feature of polyploids, therefore each valeney
per cell calculated (Table6) of-the chromosome conjugations varying from.
univalents to quadri\%alents found ‘in meiosis of A. japomicum is very signi-
ficant. This table shows that the number of bivalents per cell being over
12 indicates the almost regular meiosis in each plant; the multivalents are

Table 6. Total (t) and mean (m) numbers of various chromosome
) conjugations at first metaphase. '

- o . : . : ' * Total no.
Univalent-| Bivalent | Trivalent | Quadrivalent . 811_' of PMCs
él enonfP ] 3T 209 > 10 | 713 +0.246 5
anb o }{ m| 1057 11.686]  0.143 0.286 S1E0.246 4 35
- tN',. - t] 74 819 - 14 . 0.956-50.47
Ao {m| 1088 12.044|  — 006 | 09POEOTO | 68
1’)] N 3ft .87 1519 3 16 s es1e0108 | 103’
nt No.3{ 0707 | 12349| 0024 0agp | 6o1E0d2 ) 12
' l;l tN/.j4,{ b 184 S M 1 | osere0m17 | 142
i 1) . . N ! .02 . f
(A RO % m ] 004 | 12873 — 0,077 | 06270117 | 1

¥ Devmtlon of mea,n blvalent has ‘been calculated from 13n occurrmg normally
Jin 'a PMC.

-
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_in rare occurrehce, viz., in the highest quadrivalency Pla\nt,No. 1 show only
. ca. 0.3 quadrivalents and in Plants No. 2 and No. 4 no trivalents are found;

and the univalency is also very low, but it is interesting that the number
of univalents per cell is rather regular in every plant, containing about

one univalent per cell. Consequently, the rare but rather general occur- -

rence of quadrivalents and the somewhat more freguent and regular occur-
rence of univalents in meiosis of A. japonicum appear to be a characteristic
of polyploid species, and thus it seems to be a striking evidence to the
secondary polypleidy .of the genus Acer as a whole, ; .

In regard to the variable chromosome conjugations in the secondarily
balanced diploid species, however, there exist very complicated situations:
first, the occurrence of univalents can be also concluded as the result of
the spontaneous failure of pairing between partners due to effects of the
various changes of external conditions (v. infra); secondly, although the
unbalanced multiplications of a basic set of chromosomes in the secondary

_polyploids mean an evolutionary step of species formation, so that the

multivalent associations found may originally differ from those found in

the hybrids recently occured, yet the same results would have been brought

about in meiosis due to structural hybridity; th1rdly, the secondary poly-

ploidy in the genus Acer can be supposed as the trebly hexasomic tetra-

ploidy, so the multivalents are able to expeet, in the highest number, three

. sexivalents or five quadrlvalents if the duplicated chromosomes are com:

pletely homologous. fourthly, why the multivalent associations have been
found only in A. japonicum and not in others, even in the elosely related
species as 4. ornatum? There is no fulﬁlled 1nterpretat10n to solve such
comphcated questions.

It is well known that the eﬁects of hybridization conms’c in reduemg .

thq chromosome pairing in many hybrids and in their progenies, and also
that the actions of genetic factors have defenite ipfluence upon the pairing
in the so-called asynaptic strains. These two causes, however, seem hardly
probable to be supposed as to A. japonicum, or at least cannot be settled
without studying on a large scale. “The occurrence of umvalepts in A,
japonicum that is unstable in various degrees from eell to cell in the same

individual, but rather general and regular in all the plants examined, seems
fo indicate that it is due to different cquses from the effects of hybridiza--

tion, and also that it is more far-reaching than the. actions of certain genes.

We have now many instances that the experimentally changed external
~ conditions result to replace the normal course of meioti¢c division by the

failure of pairing (gq.v. the recent ﬁridlirlgs obtained by OrHLEKERS and

st



PSRN

P

Chromosome.studies in the genus Acer L. - 287

his colleagues). ' In these experiments, thé temperature treatn_ﬁents have
significantly reached to the most clear and definite conclusions. - Through
the effects of abnormally high temperature, an acceleration of chromosome
behaviour in meiosis is definitely demonstrated in Trillium kamischaticum
(MATSUURA, '37), as evidenced by the univalent occurrence at metaphase

instead of bivalent formation in normals, and by the occurrence of prema- '
- ture splitting of chromosomes. MATSUURA thus comes to the following

conclusions: i.e., both the kinetochores and the rest of the chromonemata
came to accelerate their behaviour in meiosis through the effects of high
temperature, therefore when this acceleration is unbalanced, the various
meiotic abnormalities 'thus resulting are eertamly due to the upsets in
timing relationships between the behaviour of the kinetochores and that
of the chromonema proper, thus the abnormalities are explicable as the

results of various “discordant” behaviours in both the parts of chromosomes. . -

And- further “the -occurrence of non-disjunction or lagging of certain
bivalents which is freguently met with in literature, would be (also) ex-
plained by aséuming the non-uniformity in time co-ordination of the two
component,. parts of the chromosome in individual bivalents w1th1n the
same eell.” (loc. cit., p. 29).

‘ It is therefore possible to suggest in A japonicum that the asyn-
chronisation of bivalent- disjunetion which is definitely concerned with the
rapidity of the whole meiotic progress may have resulted from the failure
of time co-ordination of the behaviours of the kinetochores and of the rest
of the chromonemata in each bivalent within a PMC, in which, however,
such a discordance may occur to be unequal from chromosome to chrome-
some, for 'it results to the occurrences of several univalents at metaphase
as well ‘as bivalents lag in dividing at anaphase. This characteristic
symptom, viz. the asynchronisation of bivalent-disjunetion does not always
be found only in A. ja,ponicum'but- also in other maples, and thus its

- localisation is evidently not the symptom of hybridity. Certainly it is,

even if not alvsiays depending upon external conditions. Espeeia\lly the
sporadic changes of temperature presumably have brought about in me10s1s
the asynchronisation of anaphase disjunction of e¢hromosomes. .
It will be of interest to quote that the occasional failure of pairing *
appears even in so-called pure species or inbred strains,-e.g., in wheat
(Hosono, ’35), in, cotton (SKovsTED, ’37), in rice (Saxa1, 40), etc. The
last example is noteworthy in comparison with the present observation in
maple. Sagar found in three varieties of Oryza sative an unexpected
occeurrence of unpaired chromosomes, its frequeney being ca:.40%
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average, and he concludeq that “why asynapsis is caused -in this case is
unknown, but it might have perhaps been caused by sotne environmental
conditions, the genetie effeet ...... seems not to be apphcable in this ‘case.”
(loe, eit., p. 202). ' :

The existence of binucleate PMCs can be clearly understood as the
result due to syndiploidy, whieh appears rather to be ‘a genetical property
of- this species and has probably no special eonnexion with other irregulari-
ties found at the same time. The fusion of two nuclei in this species is
plausibly more far-reaching at pre-meiotic stage than at meiosis, because
the binucleate: PMCs have been distinguished from the normals at early

. prophase, or even at resting stage; besides, the fusion of two-nuclei into
‘one- cell is not uniform being accomplished completely in some eells or

incompletely in others. . : ‘
The failure of cell wall formation, which is clearly depended upon
the degree of the disturbances of spindle mechanism, at premeiotic mitosis
may have brought about the aggregation of chromosomes into single PMC,
viz. the binucleate PMC. Daruingrox (’30) regards the syndiploidy, ac-
companied with the irregular orientation of spindles, in Prunus avium
rather as the first stage of contabescence in an anther related perhaps there-
fore to male sterility.. It occurs also.in P. persica, P. domesticd, and P.
cerasus (HrUBY, ’39). Recently, Lrseperr (40) pointed out that the
failure of cell wall formation ‘or of cytokinesis during pre-meiotic and
meiotic divisions in Zea is probably hereditary; this indicates the syndi-
ploidy as a génetical character. Presumably these establishments are also

~ applieable to ‘th‘e conditions in A. japonicum here recorded, although the

exact genetical nature of this abnormality is a subject for further studies.

-~ 'The effects of the oceurrence of binucleate PMCs, oﬁ the other hand,
to the later meiotic behaviours are obvious. As it has been above mention-
ed, the formation of octads and of the large tetrads resulted from these
cells; in which the various irregularities of chromosome behavioin' produced
further the other sporads. The formation of restitution nuclei due to
laggards or-bridges, and the extrusion of some univalénts or bivalents into
the. eytoplasm during meiosis, these two also must. be responsible for the
abnormal sporad formation in both binucleate and normal PMCs. By a
comparlson of the frequencies of abnormal sporads with those of bmucleate
PMCs in-the four plants ekamined; it is possible to demonstrate the process
of the abnormal sporad formation above deséribed. In all the plants in-
vestigated the frequency of abnormal sporads exceeds that of binucleate
PMCs, and within the probable dlvergeneles the percentage of abnormal
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sporads in each plant is correspondirig to that of_ binucleate PMCs plus
that of cells with lagging bivalents and with chromatld bridges (g.v. Tables
3, 4, and 5). .

There are many instances of structural h}rbridity', in which the strue-
tural differences between the corresponding chromosomes are playing the
most important réle of meiotic abnormalities, e.g. in Fritillaria, Tulipa,
Tratescantia, Lilium, Paeonia, ete.- In these examples it is to be said that
the effects of the “dyscentric stsuctural hjfbi'idity” on meiosis are evidenced
by the occurrence of chromatid bridges and fragments (dicentric and
acentrie chromatids).at both first and second anaphases, which is resulting:
from crossing-over in relatively inverted segments (cf. kDARVLINGTON, 3F).
The chromatid bridge formation found in A. japonicum is in the majority
of cases not accompanied with the “acentric chromatids” (v. Table 3), and
it must be here emphasized that this abnormality in the present material

“oceurs in the functionally  balanced diploid species, and that the present

material is not the vegetatively propagating plant, in which the unbalanced
chromosomal situation due to structural as well as numerical hybridity is
possible to servive. ;

There is no doubt in the present species that all the 1rregular1t1es of
anaphase separation are more or less coneerned with. the asynchromsatlon
of chromosomes in timing of division, even if in the normal PMCs, that
the anaphase-disjunction begins successively from chromosome to chromo-
some and is not simultaneous f all the chromosomes. Therefore, if such
lack of synchronisation accompanied with the rapid progress of meiotie
division occurs in the extreme degree it results to the univalent oceurrence
due to desynaptic failuye: of pamng of some bivalents during prophase-
metaphase, and to the lagging of some bivalents due to precocity of some
bivalents during metaphase-anaphase. Then it is possible to assume that
these laggards -occasionally .result to the bridges between two anaphase
nuclei. Such\process of bridge formation due to laggards has been observed -
in Prunus cerasifera (MATHER, 37). Directly from the bivalents late in
dividing at first anaphase the brldges between ‘mo seecond metaphdseq have

resulted,

v , Slimmary _
‘1) Meiosis in four plants of 'A. japonicum var. typicum, is described..

. All the plants are diploid with the meiotic ehromosome number of 13.

2) The following meiotic labno'rmalities are found in all the \plants*
investigated, but in each the frequency of thﬁfm is different’ viz., super-

-
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. ! .
numerary fragments, various chromosome association, irregular anaphase
separation, binucleate PMC, and abnormal sporad formation.

3) The numerically irregular inclusion of supernumerary fragments
in this species possesses several peculiarities in comparison with those in

other plants. Although it is difficult to explain, the oceurrence of these

- fragments is presumably due to a disturbance at pre-meiotic mitosis giving

rise to the non-disjunction of chromosomes and then to the fracture of
these duplicated chromosomes. . /

4) Multivalent associations' found occasionally are clearly assumed
as an evidence of the secondary polyploidy of the ge‘nus Acer as a whole.
The existence of binucleate PMCs is inferred as a genetical character of

this specleq from which the abnormal sporads have resulted in the nlaJorlty .

of cases, and partly they are considered. to be due to the irreguralities in
chromosome separation at anaphase.

5) The effects of change of the environmental conditions, especially

of the femperature, are most probably supposed to be responsible for the
irregularities of anaphase disjunction. The oceurrence of univalents in
this species may be due to the desynaptic failure of pairing of bivalents
as a spontaneous irregularity. The asynchronisation of ehromosomes in
time of division, in correlation with the lagging of bivalents and the forma-

tion of chromatid brldgeq is one of the most characteristic features of.

meiosis.
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A1l the photommlographs were taken by Professor H. MATSUURA from -the tem:
porary smear preparations (aceto- a,lcohol aceto-carmjne) of-Plant No. 2 (figs. 1-4, and,

(figs. 5-6), giving a magnification of 1450. Note the size difference of cells as well =
as chromosomes, .due to’ the dlﬁerence of treatments, heing 1ema1lmble but they are '
surely nat the real ones, ’ ) -
‘Fig.. 1. Two PMCs with lagging univaieli‘t’s at first anapfmse' left- lower, two univalents.
lagging to divide on the plate: right-upper, three univalents dlso becoming late ) BN
in division between two chrompsome groups. —
Fig. 2. A PMC at seeond metaphase, showmg a ehromatid brldge formed befween two

- metaphase plates.
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Fig. 3.

Fig. 4.

Fig. 5.

. Fig. 6.

Fig. 7.
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A eell at first azmphase, showing a chfom: 1t1d bridge without the duompdmed
tragments formed hetween two dividing e¢hromosome groups.

Abnormal metaphase constitution with four supernumerary fragments. The
same cell as Text-fig. 3. Note that of two of these fragments each has taken
a juxtaposition, which is however not the general situation of fragments, and
that one fragment is out of sight.in this photomicrograph due to its different
level from the other three, ) ’

Two PMCs at fivst metaphase: left, somewhat oblique polar view of normal
PM(; right, side view of metaphase with four fragments, which are situnated
at random in the eytoplasm (one on upper side and three others on lower side
of the equatorial plate), such an irregulur position of fragments being their
general characteristie. .

Two PMCs at first anaphase: left, normal disjunction of chromosomes; right,
formation of two chromatid hridges between two anaphase ehromosome groups.
Late anaphase of the first division, showing a bivalent lagging to divide in the
centre. Probably such a bivalent results to a bridge formation between tweo-
second metaphaqe plates as that in Text-fig. 36 or in Fig. 2.
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