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INTRODUCTION

In a previous scries of papers (Chromosome Arrangement [—IX,

1929), it was reported that while in the cases where all the chromosomes

are relatively small and uniform in size, there is a certain clear

resemblance between the arrangement of chromosomes and that of

Maver's floating magnets, in the cases where there are some differences

' Chromosome Arrangement N.
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in size and behaviour among chromosomes, the tendency towards having
a smaller number of inner chromosomes in the arrangement than that
which we expect increases, except in the case of a variety of Lyt/irim
salicaria studied by Smingt (Chrom. Arrang. TV). In this exceptional
case the number was greater by one instead of less than expected.
In any attempt to compare the arrangement of chromosomes with that
of Maver’s floating magnets, it scems highly important to investigate
those cases of chromosome sets with elements of different sizes and
their behaviour in division. With this obj'cct in view, Narcissus and
Ll which have chromosomes of different sizes were taken as
materials.

It is my pleasant duty here to record my indebtedness to Prof.

Y. Kuwapa for his kind suggestions and criticisms.

SHORT DESCRIPTIONS OF THE CHROMOSOMES IN
Narcissus AND  Lilim

All the observations were made in the heterotype division of pollen

mother cells with fixed materials.

I Narcissus ltazetta, 1.V

1) A varity called “Franklin.” This variety shows 1o gemini
or chromosomes, in the wide sense of the term, in the heterotype
metaphase. 6 chromosomes of the 10 are distinctly larger than the
remaining 4 (¢/. Fig. 2, Nacao, 1930).

2) A waricty belonging lo * albac” type. The somatic number of
chromosomes of this variety is z2 (Nacao, 192g). In the heterotype
metaphase there can he found two kinds of pollen mother cells, one
with 1o chromosomes and the other with 11.  The latter number of
chromosomes is derived from the former by the cross segmentation of

a chromosome which consists of two bivalents and forms a tetrapartite

1) A preliminary report on the meiotic division in this plantis to be published in the
Japanese Journal of Genetics vol. V, 1929—'30.
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complex. In the case where there are 10 chromosomes, 5 of them
(including the tetrapartite chromosome) are large and the other 5 are
small, while in the other, where the number of chromosomes is 11,
the large ones are 4 in number and the small 7 (¢/ Figs. 13—15,

NaGao, 1930).

II. Zilrum japorniceum, THUNB.

12 chromosomes are counted in the heterotype metaphase of pollen
mother cells as in the other species of Lz studied by many eatlier
investigators (¢/. TiscHLER, 1g22). There are two large chromosomes
and two small ones, the remaining eight being of intermediate sizes
of different degrees (¢ Fig. 4). These differences in size are slight
and continuous so that it is frequently impossible to determine to which
category of size a chromosome belongs. In 1o chromosomes of the
12 the spindle fiber attachment is terminal, and in the remaining two,
which may classified in either category of size, the small or the

intermediate, it is median.

CHROMOSOME ARRANGEMENT

I. Narcissus tazctta, 1.
1. “Franklin” (n=ro)

The statistical results obtained from 217 pollen mother cells of
this variety are as follows :~—

Case . 1 chromosome occupies an inner position, and the other ¢ peripheral
T €y T PP 22 (10.1%)

Case IL. 2 chromosomes occupy inner positions, and the remaining 8 peripheral

(TFFIE. LE—m€) vvreereriereeesesinetesaesenrterens s tsbrasaaasasresaesssassseesessessssanssansssssnens ‘143 (65.99)
Case 1IT. 3 chromosomes occupy inner positions, and the remaining 7 peripheral
(R T 2/ ) P T USSR OO SRR 46 (21.29%)

Case IV. The form of arrangement is more or less irregular, and falls under

none of the above three CAsES «vviviiiiiiieiiinie et iiie i e e rae e e e an e saeaas 6 (2.82)
When the number of floating magnets is 10, two magnets occupy

the inner positions in the stable form and the other 8 the peripheral,
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forming an octogon (Mipzuno, 1916; Cannox, 1923). The statistical
data just given above show that in “ Franklin” the majority of the
chromosome arrangements resemble the stable form of the floating
magnets. The frequency of occurrence of the resembling case (Case
II) amounts to 65.9%5, a result which is similar to those obtained in
the other plants studied having chromosomes of the same size and

shape. When we consider the size of the chromosomes which occupy

. &
P2te R

6!0
o

Fig. 1a-%k. Heterotype nuclear plates in the variety * Franklin® of Narcrssus tazetta, 1..
Explanation in the test. x1710.
inner positions in the arrangement, all the cases given above can be
divided into some number of different types of chromosome combination
in regard to size. Possible types that we can expect for Cases T, II

and TIIT and their frequency of occurrence are as follows :—

Type a. A small chromosome (Fig. 14) ..ovevviivrniannn. 10
Case T AP ‘ by 22 (10.1%)
Type &. A large chromosome (Fig. 12) ...ocovvviiiniann 12
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Type a. Both small chromosomes (Fig. 1c) — 71

Case II yType &. 1 small and 1 large chromosome (Fig. 14):69 7143 (65.9 %)

Type <. Both large chromosomes (Fig. 1¢) «ooovevinnninn 3
Type a. All 3 small chromosomes (Fig. 1/)............ 32+

Type 6. 2 small and 1 large chiomosome (g, 103...11 ‘
Case 111 > 46 (21.224)

ype . 1 small and 2 large chiomosomes(Fig. 14 ... 3
Type d. All 3 large chromosomes “vivvceervevierinrunnnns o)

If we assume that there is not any other special factor nor action
than mere chance which influences the combination of the inner
chromosomes in the arrangement, we may expect the following
frequencies of occurrence of these types of combination from the point

of view of probability :—

J' Byene
Case Type ;;T&‘;‘;ﬁgis Expected frequency | Observed frequency
« L1 eCp= ¢ 8.8 10
I
b +Co aCy= 6 132 ' 12
@ Ca 6Co= 6 15.6 7I
IT 14 € oCym=24 62.4 69
< +Co 6Co=25 03.0 3
@ L5 6Co= 4 1.y 32
4 JCo oCy=12 575 11
111 .
[ sCy 6Co=60 28.75 3
a 1Co 6Chi=20 9.6 0

Comparing these expectable frequency values with those obtained
by the actual observations, we can find that the small chromosomes
have a greater tendency towards occupying the inner positions than
expected. In both Case II and Case III, the observed frequencies of
type a, in which only small chromosomes occupy the central regions,
are 71 and 3z respectively, and arc greater than those expected, which
are 15.0 and 1.9 respectively. In Case III, furdicrmore, we see that,

while such is also the casc in type & where only onc of the 3 occupying
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the inner positions is the large chromosome, in type ¢, where there
are found 2 large chromosomes among the 3, the observed frequency
3 is much less than the expected frequency 28.75. In type & where
all the 3 chromosomes are large ones it is zero, while, on the basis
of the assumption we made above, we should expect ¢.6 cases of this
type. It is a very interesting fact that the greater the number of the
small chromosomes occupying the inner positions, the greater is the
excess of the frequency value over that expected, and the more such
chromosomes are replaced by the large chromosomes, the less it is,
and when they are all replaced by the latter it is zero. When there
is only one chromosome which occupies the central position (Case I)
we have no ,sﬁch relation. In both type ¢ where the chromosome is
a small one and type & where it is a large one, the two frequencies,

expected and observed, are nearly equal.

2. A varwty belongimg to * albae” tyvpe

a. The case where the number of chromosomal

elements is 10

In this case 5 chromosomes (including the tetrapartite one) of the
10 are larger than the remaining 3. It is of interest to compare the
forms of arrangement of the chromosome with those of the variety
“TFranklin® where 6 chromosomes of the 1o are large and the other
4 small.  The results obtained from the ohservation at metaphase in

386 pollen mother cells of this variety are as follows :—

Case I. 1 chromosome occupies an inner position, and the remaining g peripheral
.............................. 22 (5.7 %)
Type @. A small chromosome occupics the central position (Fig. 2a)...... 7
Type 4. Instead of the small chromosome a large one occupies this
POSItion (Fig. 20).uueisiivinriiiiiniiiiiiii e e 15
Case 1. 2 chromosomes occtipy inner positions and the other 8 peripheral......
e, 222 (57.5 %

Type @, Both small chromosomes (Fig. 2¢) oovviiiiiviiiiinniniien.

Type 4. 1 large and 1 small chiomosome_(Fig. 2d)

Type . Both 2z large chromosomes (Fig. 2¢) vivevviiiiiiiiiiiiiiiniiniinieiennn. 3
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Fig. 2a—/. Heterotype nuclear plates in a variety of * albac™ type of Narcissus tazetta,
L. with 10 chromosomal eclements. Explanation in the text. xi710.

Case III. 3 chromosomes occupy inner positions and the other 7 peripheral ...

........................... 104 (26.9 %)
Type . All 3 small chromosomes (Fig. 2/) cooovviiiiiiiiiiiiiiiiniiinennn. 85
Type 6. 1 large and 2 small chromosomes (Fig. 2.9) .iovevvenievinninninnnns 19

Type ¢. 2 large and 1 small chromosome

Type d. All 3 large chromosomes ...........
Case IV. 3 small and 1 large chromosome occupy inner positions, and the
cemaining 6 peripheral (Fig. 27) ..oiiiiiiiiiiiiiiiiii e 1 (0.3 %)
Case V. The form of arrangement is more or less irregular, and falls under
iote of the above four Cases swamsammviesms e oy e e e vova i s bnnmen ...37 (9.6 %)
[n these results we see again that the case where 2 chromosomes
occupy the inner positions (Case II) is most common, being 222
(57.5%0) in number out of 386. This indicates that there is a certain
resemblance between the chromosome arrangement and the stable form

of floating magnets in this case of the variety too, but we find here
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that Case III forms a seccond maximum, its frequency of occurrence,
26.9%, standing out prominently among the other cases (Cases I, IV, V)
in all of which the frequency values are under 10%.

In the present case too, we see that the small chromosomes have
a greater tendency towards occupying the inner positions than we

should expect. A comparison may be made from the following table.

Case Tyne Combination of Nuamber of, Expected Observed
‘ e chromosomes combinations frequency frequency
a a small chromosome Ci= 5 11 7
I
1 a large chromosome .Ci= 5 11 15
@ 2 small chromosomes sCo=10 49.3 115
It b I large and 1 small ;G Ci=25 123.3 104
¢ 2 large chromosomes 2Co=10 49.3 3
a 3 small chromosomes LCy=10 8.6 83
b I large and 2 small 2Cp 5Ca=350 43.3 19
1L
¢ 2 large and 1 small ;Ca 5Ci=50 43.3 [¢)
d 3 large chromosomes Cy=10 8.6 o

In type @ of Case II wherc both the inner chromosomes are small
ones, the observed frequency is 113, while the expected frequency is
49.3. In type ¢ where both the inner small chromosomes are replaced
by large chromosomes, however, the observed frequency is only 3
while the expected is so high as 49.3. In Casc II too, the same fact
with regard to what kinds of chromosomes tend to occupy the inner
position in the arrangement is obscrved. In this case the observed
frequency of types ¢ and & is cven zero, while we should expect 43.3
and 8.6 respectively. In type @, where 3 small chromosomes occupy
inner positions, it is markedly greater than the frequency expectable,
the numerical value of the observed frequency being 85 and that of
the expected only 8.6. But in type 4 where once of the 3 inner

chromosomes is replaced by a large chromosome it decreases to 1g,
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which is much less than the expectable frequency, 43.3. In short, in
both Case II and Cases III it is shown that the type having no large
chromosomes in the inner region of the arrangement is of the most
frequent occurrence, and the greater the number of large chromosomes
occupying the inner positions, the less frequent is the occurrence of
such a type.

It is also a noteworthy fact that in Case I, where one chromosome
occupies the central position, the large chromosome has a greater
tendency towards occupying this position than the small one. Our
results show that this type of arrangement (type &) is found in 15 cases,
while in the case of the type where a small chromosome takes the
inner position (type @) only 7 are found, or about half as many as in
the case of the former type.

" The question whether the tetrapartite chromosome has a special
tendency towards occupyving the inner position or not could not be
determined, because in metaphase its tetrapartite nature was hardly
discernible in many cases. In his observation in Zytlreen, SHINKE has
shown that there is no recognizable special tendency in the tetrapartite.
chromosome to occupy the central region. It seems to be likely that

the same is also true in the case of the narcissus plant.
0. The casce where the number of chromosomal
clements is 11

The results obtained from the observation of 69 heterotype nuclear
plates in pollen mother cells are as follows :—

Case 1. 1 chromosome occupics the central or inner position, the other 10

forming the peripheral Ting .ovoviiiii e e 3
Type a. A small chromosome occupies the central position .....oceoiiiiniin. o]
Type 0. A large chromosome instead of the small one (Fig. 3¢)....coene... 3

Case II. 2 chromosomes occupy the inner positions, the other 9 forming the ring ...11
Type «. Both small chromosomes (Fig. 30) .oviviiniiiiiiiiiiiiinenniinnn. 6

Type 6. 1 large and 1 small chromosome (Fig.

Type e, Beth large chromosomes....ovviviiiiviiininniieiieiereincn s

Case IlI. 3 .chromosomes occupy the inner positions, being surrounded by the
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Type a.
Type 0.
Type c.
Type d.

Case IV. 4 small chromosomes occupy the inner region being surrounded by
the ofher 7 (B8 3.7 Jrusesssionsoms osemsons o susiasnsns 5oy e S pyEo e S S S SO s s 4
Case V. The arrangement of the chromosomes is irregular or determination of

the number of chromosomes in the inner position is difficult «.o.oveerernnn LR 4

d 4

Fig. 3a—/. Heterotype nuclear plates in a variety of ¢ albae ™ type of Narcissus tazetta,
L. with 11 chromosomal clements. Explanation in the text. xi7Io.

From the data given above we see that in the case of 11
chromosomes the arrangement of the chromosomes resembles very
closely that of the floating magnets. The number of the resembling
cases (Case III) is 47 out of the 6g pollen mother cells observed. The
frequency curve of the different forms of chromosome arrangement
obtainable from the data is leptokurtic in nature as in those cases
where the chromosomes are all of nearly the same size and shape
(Kuwapa, Chrom. Arrang. I, p. 208), and we find no second maximum
of frequency such as is found in “ Franklin” as well as in the case

of the 10 chromosomal elements in this variety.
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II. Zildwum japonicum, THRUNE.

The size relations of chromosomes to one another described above
in this plant resemble those in Cryeas revolute and thus the comparison
of the chromosome arrangements in this plant with those of Cycas
revolita observed by Nakamura {Chrom. Arrang. IX) may be interest-
ing. The results of observation of the heterotype nuclear plates in

103 pollen mother cells are as follows :—

Case I. 1 chromosome is found in the central position, the remaining 11 forming

the peripheral ring oo s 10 (9.7%)
Type a. A small chromosome occupies the central position (Fig. 4a) ...... 5
Type . A large chromosome instcad of the small one (Fig. 48)............ 5

Case IT. 2 chromosomes ate found in the inner reglon, being surrounded by

Ehe OLRCE 1O viiiiinii i s e e 52 (50.5%)
Type a. Both small chromosomes (F1g. 4€) coviiiiiirinniniiiiniiennn e an e 21
Type 6. 1 small chromosome and 1 large or intermediate (Fig. 4d-e) ...25

Type «.  Both large, or both intermediate sized chromosomes or

1 large and 1 intermediate (Fig. 4/) ccoiiviiniiiiinnnninnns e 6
Case TIT. 3 chromosemes are found in the inner region, the remaining 9 forming

Ve e P 21 (20.4%)
Type a. 2 small chromosomes and I intermediate (Fig. 48)cvoriiriininnnns 9

Type &. Other combinations of chromosomes of various sizes!) which
differ from type @ (Fig. 4/2—7) cciiiiiiiniiiiiniiiiiiiinn 12
Case IV. 4 chromosomes ate found in the inner region, the remaining 8 taking

the peripheral positions (FIg. 47) «vevvirieinniiiiieiiinii s ee e ria 3 (2.9%)

Case V. The arrangement of the chromosomes is irregular or determination of

the number of chromosomes in the inner position is difficult ..cocoovviiviiiiiiniinn 17 (16.5%)

In the case of floating magnets, when we have 12 floating magnets
3 magnets of the 12 occupy the inner positions in the arrangement.
Our cytological data show, however, that the case where 2z chromosomes
occupy the inner positions (Case II) is most common, its frequency
value being 50.5%, and the arrangement which resembles the stable

configuration of the floating magnets (Case III) forms only a second

1 The case where one of the 3 inner chromosomes was a small chromosome was most

common.
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maximum (20.425). This result is quitc similar to that obtained in
Creas revoluta by NAKAMURA, in which the size relations of the
chromosomes to onc another are quite similar to those of this plant.

The higher tendency of the small chromosomes than the large
ones to occupy the inner position is also seen in this plant. In the
following table a comparison of the observed frequencies in Case I
and Case II with the corresponding expected frequencies obtained on

the basis of the assumption made above in the case of Narcissus is

shown ;—
Case Type Combination of Number of Expected Observed
e chromosomes combinations [requency {requency
« a small chromosome 2Ci= 2 5 5
1
b a large chromosome ,Ci= 2 5 5
I 2 small chromosomes Co= 1 0.78 21
, 1 small and 1 large .
b v & o = 2 15.76 25
g o intermediate  2C1 2486 =20 I >
1] - ! p
1 large an
. . > =16
1 intermediate 2Craly
2 intermediate ~
- =28 5.46 6
chromosomes sCe 354
2 large chromosomes 2Cy= I

The comparison shows that the numerical relations between the
expacted and obscerved frequencies of the types of arrangement in
respect to the size of the inner chromosomes are quite the same as

those we saw in the case of Narcissus.

CONSIDERATION OF THE RESULTS

It was pointed out by Doncaster (1920) that especially when the
chromosomes arce short and of nearly uniform size, the arrangement
of the chromosomes has a remarkable resemblance to that of Maver’s
floatnig magnets. The results of our previous investigations'show that
the resemblance is remarkable not only in those cases pointed out by

DoncasteRr, but also in those cases where one of the chromosames is
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markedly larger than the others of nearly uniform size and shape

(Sprnacia and Viewr by Matpa and Kard, Chrom. Arrang. VII). In

9% ut anfea Kousnboay

1 % 3 % $ 6

Number of inner chromosomes in the arrangement

TFig. 5. TFrequency polygons showing variation in the number of chromosomes occupying
the inner region of the arrangement in plants with 11 chromosomes. In all the
plants except Cyecas the maximum frequency values are found in those cases where
3 chromosomes of the 11 occupy the inner regions, the cases which resemble the
stable form of arrangement of floating magnets.

«——- Plaseclis )

 Pencedarnsn All the 11 chromosomes are of nearly uniform size.
ercedaritin
Sagittaria 1 of the chromosomes is large and another one small,
the remaining 9 being intermediate.
e o e — Nareissis 4 large and 7 small chromosomes.
L S A & ) The 11 chromosomes form a continuous graded scries in

size.
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the present investigation it has further been shown in Nareissus that
the resemblance is also remarkable even when there are some chromo-
somes of large sizes among others of small sizes, if the chromosomes
can be divided into two distinct categories of size. When, however,
there is a continuous gradation in the size and shape of the chromo-
somes from the smallest to the largest, as in Cyeas revoluta and Liluin
Japonicum, such a resemblance as that seen in the case of chromosomes
of uniform size is recognizable only frequently enough to form a second
maximum. In Ifig. 5, frequency polygons from plants, the case where
the number of chromosomes of the plant is 11 being taken as an
example, are given to show how the shape of the polygon differs in
different combinations of chromosomes.

In the cases of Cycas and Lizn the first maximum of frequency
is presented by the form of arrangement in which the number of inner
chromosomes is less by one than that of the form resembling the
stable form of floating magnets. This tendency is also recognizable
in the other plants investigated, such as in the homotype division in
Peucedanaum japonicum by Ocawa (Chrom. Arrang. V) and Sagdttaria
Aginash by SmiNge (Chrom. Arrang. IV), though in these cases this
form can present only the second maximum. In the case of the variety
“TFranklin” of the narcissus plant, on the other hand, the tendency
towards forming a second maximum is found in the case where the
inner chromosomes are more by one instead of less than that of the
-stable form of floating magnets (Case III). A similar phenomenon
was found by SmiNkE in the case of 14 chromosomal elements in a
variety of Lvthrum saricalir, and this was the only exception to the
rule which we were able to formulate from the results we obtained
in our previous investigations (¢/. Kuwapa, Chrom. Arrang. I, p. 221).
Now we have in © I'ranklin 7 another example of this type of shifting
of frequency to the form having a greater number of inner chromosomes
than that of the stable form of floating magnets. In SminkE’s variety
of  Lythrune sakcarte. there is a chromosome with the tetrapartite

constitution which can divide itself into two independent free chromo-
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somes, and in the group of NMarcessues to which ‘ Franklin ” is classified
as belonging we have a variety of “albae” type, in which a
chromosome may similarly divide into two independent mero-chromo-
somes, so that the plant may have a greater number of chromosomes
than we expect from the basal nuwmber of chromosomes of the group.
These two facts lead us to the conclusion that the occurrence of the
Lythrumn type of shifting of frequency in “ Franklin ” may show the
potentiality of cross-segmentation in a ‘* Franklin” chromosome into
two mero-chromosomes. In the variety of ‘albae” type, in fact, when
the tetrapartitc chromosome remains undivided, the frequency curve of
chromosome arrangements is quite similar to that obtainable from
SHINKE’s results in the case of Lytlrwm, although, while in Lyihrun,
when the tetrapartitc chromosome separates into two independent
chromosomes, the arrangement still shows a high tendency to have
the same number of inner chromosomes as that found in the casc
where no such separation takes place, in the variety of “albae” type
such a tendency is no longer marked, the frequency curve being
leptokurtic (Case II). But the curve is so far in accord with that of
Lythreian that Case II stands next Case III in frequency.

Further investigation may lead us to the conclusion that the study
of chromosome arrangement can disclose the potentiality of cross
segmentation of a chromosome in a plant, but we wish at present to
explain the present case by simply comparing it with the behaviour
of floating magnets in the matter of arrangement, because in the
present case the second maximum is very low as compared with that
found in the case of ZLythrwue.

According to Mipzuxo (1916) and Caxvon (1gz3), in the stable
form of floating magnets two of the 10 take the inner positions in the
ring, the remaining 8 forming an octogon. According to MAvVER,
however, this form is less stable, and the stable form is that where
3 of the 10 occupy the inner positions (¢f. Kuwapa, Chrom. Arrang.
I, p. 203). In my own experiments with floating magnets the stable

form was the same as that given by Mmzuno and Canxon.  Ifrom
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these facts it may be considered that if the arrangement of chromosomes
is comparable with that of the floating magnets, the form with 3 inner
chromosomes may also occur besides the form with 2 of these, because
in the case of the chromosome arrangement, it is obvious that the
medium in which the chromosomes move is more viscous than the
medium in which the magnets float, so that unstable forms of arrange-
ment may be less easily transformable (Kuwapa, Chrom. Arrang. I,
p. 208). The high frequency of occurrence of Case III in the varieties
of the narcissus plant may thus be simply explained, and the case of
“ Jranklin 7 seems to be comparable with the case of Zoridlis Anthriscus
studied by Ocawa (Chrom. Arrang. V) rather than with the case of
Lythrei.

TFinally we wish to consider the greater tendency of the small
chromosomes to occupy the inner position than that of the large
chromosomes.  According to the results of our previous investigations,
the frequency with which a large chromosome occupies the central
position of arrangement is different in different cases. In Spinacia
(Maepa and Kard) it is nearly equal to the frequency to be expected
from the point of view of chance. In Saegutaria (Sminkg) and Cycas
(Nakamura) it is less, and in Fze (Maepa and Kard) it is greater
than the frequency expectable. Small chromosomes show, on the other
hand, a greater tendency to take the inner positions (Sagtaria and
Cyeas).  This greater tendency of the small chromosomes is seen also
in Narcissus and Lilign.  In the large chromosomes it is very low
in both Narcissus and L, and it was found in the narcissus plants
that the greater the number of small chromosomes occupying the inner
positions, the greater is the excess of the frequency of that type of
arrangement over the expected frequency, and the more such small
chromosomes are replaced by the large ones, the less the frequency
becomes.

In both * Franklin” and Liswn japoricuim, in Case 1 where only
onie chromosome occupies the inner position, the frequency of occurrence

of both the small and the large chromosome in the central position
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is nearly equal to that expectable from the point of view of chance.
In the variety of “albae” type it is much greater in the large
chromosome and less in the small chromosome than we should expect.
Theyv may appear to form exceptional cases, but we can not draw any
definite conclusion from these data, because of the fact that the case
in question represents only a transitional stage and also that the
observed data of frequency of occurrence are too meager.

As one of the chief causes of the greater tendency of small
chromosomes to occupy the inner positions than the larger chromo-
somes, the viscous nature of cytoplasm as compared with water, which
is used as the floating medium in the case of experiments with the
floating magnets, may be mentioned, as emphasized by Kuwapa (1929).
Small chromosomes have a lesser mechanical resistance to the cytoplasm
than large ones, and thus the small chromosomes may migrate through
the cytoplasm faster than the large ones if they carry a sufficient
clectrical charge, and will have a greater chance of occupying the

inner positions.

SUMMARY

The results of observation made in the heterotype division of pollen
mother cells in two garden varicties of Narcissus tasctia, 1. and Lileon
Japornrcunt, Tuuns, may be summarized as follows .—

1. Two garden varieties of Narcissus tazctia, 1.

@. The form of chromosome arrangement with two inner chromo-
somes or the form which resembles the stable form of floating magnets
occurs most frequently in both varieties.

0. The form of arrangement with 3 inner chromosomes stands
next in frequency making a second maximum hoth in ¢ Franklin ”
and in the variety of “ albac” type with 10 chromosome eclements.

¢, The small chromosomes have a greater tendency to enter
inside the chromosome ring of arrangement than we should expect as
a mere matter of chance and the greater the number of the small

chromosomes occupying the inner positions is, the greater is the excess
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of this frequency value over that expected, and the more such
chromosomes are replaced by the large chromosomes, the less is the
frequency of occurrence of such a type.

. In the case of a variety of “ albac” type with 11 chromosomal
elements, the frequency curve of the various forms of chromosome
arrangement is leptokurtic in nature as in the case where all the
chromosomes are of nearly uniform size and shape. 4

2. Liiwem japoricunt, THUND.

. There are 12 gemini or chromosomes in the heterotype division
of pollen mother cells as in all the other species of ZLzwn hitherto
investigated.

6. In this plant, the maximum frequency value is found in the
case where 2 of the 12 chromosomes occupy the inner positions instead
of 3 which is the number of such chromosomes in the form resembling
the stable form of the floating magnets, though the latter form still
maintains a high value of frequency, forming a second maximum.
This is analogous to the case of Cyeas revoluta investigated by
Naxamura and is regarded as due to the marked difference in the size
of the chromosomes in a group as in Creas.

¢. A greater tendency of the small chromosomes and a lower
tendency of the large chromosomes to occupy the inner positions in
the arrangement are found also in this plant as in the case of Narcissus.

3. Both in Narcissus and Lelewm, when only 1 chromosome talkes
the central position, the observed frequency of occurrence of the large
chromosome in the central position is nearly equal to the expected
frequency (Z:eaene, ** Franklin ) or even greater than it (“ albae” type
of the narcissus variety), though we can not draw any conclusion from
these facts alone, because, in addition to the fact that the ohserved
data of frequency of occurrence arc too meager, the case in question
must be regarded as representing only a transitional stage.

Botanical Institute,
Department of Sciﬁ(”:ncc,

Kyoto Impcerial University.
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