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Introduction

Polyploidy is a subject of special interest in the field of genetico-
cytology. While many plants have been used and closely studied in
the investigation of this problem, the Narcissus plants have attracted
the attention of only some few authors. Stomes (1919) was the first
to give some account of the chromosome numbers in these plants,
' llns investigation was followed by those of pe Mor (1g922', ’25, 26,

'27%, 728", Huirz (1926), Nacao (1929, '30) and Fernanpes (1931 a, b),
dlld a polyploid condition was shown to exist in these plants. But
most of the investigations have been made mainly with root-tip cells,
and have taken no account of the behavior of the chromosomes in the
reduction division, except in the case of some garden varieties of
Narcissus tasetta and N. pocticus (NAGAO 1929, 1930).

In the present paper the results obtained from observation of the
behavior of chromosomes in the reduction division in pollen mother
cells in some of these and other species and garden varieties, as well
as in some species which are taxonomically regarded as h&brids are

1. Cited from Gaiser (1920).
2, 3. Cited from GAISER (1930).
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more fully given than in the previous papers and a discussion of the
chromosome number, not only in its relation to the phylogenetical
relationship between these species or varieties, but also with regard
to its physiological and genetical significance viewed from both the
scientific and the applied biology standpoint, is attempted.

It is my pleasant duty to record here a debt of gratitude to Prof.
Y. Kuwapa for his valuable suggestions and criticisms throughout the
work,

Material and Method

According to ExcrLer and GiLe (1924) the genus Narcissus com-
prises thirty five species. In the present investigation, however, I had
at my disposal only a restricted number of garden species known by
the names Narcissus Pscudonarcissus, N. wncomparabilss, N. Jonquilla,
N. Bulbocodinum, N. interviedus, N. tazctlia, N. odorus, N. biflorus
and V. Barre, and some of their garden varieties. It was my intention

to carry out crossing experiments, but this was unattainable owing to

the high sterility of the plants which is found even in diploid forms,
as [ counvinced myself in the attempts I have made every year for
the past few years, and also to the fact that these plants take many
years to reach maturity and flower. No hybrid forms experimentally
raised were, therefore, investigated.

The material used for microscopical investigations was taken from
plants collected from several nursery companies, and cultivated for
several years in the experimental garden of the DBotanical Institute of
Kyoto Imperial University. Observations were made with root-tip
cells for the somatic number of chromosomes and with pollen mother
cells for the reduction division. Root-tips were fixed in FLEMMING'S
strong solution or the Bonn modification of it. Ifor pollen mother
cells, Nawascrin's fixative (1 % chromic acid 10 parts; glacial acetic
acid 1 part; 40 % formalin 4 parts!) was exclusively used. This fixative
“proved good, generally speaking, but gave somewhat varying results
according to peculiarities of the species and varieties. To fix the
material, the flower bud was taken out of a bulb by cutting it,” and
then each anther was carefully made free from the main body oflthe
bud, and immediately fixed in the fixative.

The scason in which the reduction division takes place in pollen’
mother cells is different in different species and in different garden

1. IFormalin was added immediately before use.
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varieties of the same species. ‘The best seasons, I found from my
observations of them in our garden in the past few years, are as
follows :— ‘

Narcissus tasetta: from the end of September to early November.

N. Pscudonarcissus and N. znucomparabilss : from the middle of
QOctober to early November.

N. Jonquilla and N. poeticus : the middie of November.

N, antermedins © from the end of October to carly December.

N. Bulbocodrwm and N. biflorus . from early December to the
end of December.

Sections were cut 15 microns thick for root-tips, and 10 to 15
microns thick for pollen mother cells. They were exclusively stained
with FEipeNnaIN's iron alum haematoxylin.

All the figures reproduced in the present paper were drawn by
the aid of an ABpBE’'s camera lucida with a Zziss achromatic imm. 1/12
and compensation oculars K1z and IKi8.

Observation

1. Cases where the cardinal number of chromosomes is 10

Narcissus tazetta 1.}

A) Diploid

a). ¢ Iranklin”

Ioxternal characteristics :—Leaves fat and obtuse, 1.5 cms. broad, 4 in number: flowers
11-15 in number, 3.5 cms. across; crown yellow, segments cream white with yellow tint;
style more or less exceeding the anthers.

The somatic number of chromosomes is- 20 in root-tip cells (Iig.
1). In pollen mother cells, 1o bivalent chromosomes or gemini are
counted at diakinesis and metaphase in the heterotype division, and
1o univalents at metaphase in the homotype division (Ifigs. 2, 3, 4, 6).
6 gemini of the 1o are rod shaped and thicker than the remaining
4, which are round in shape (Figs. 3, 4). This difference in shape
and size is so clear that we can easily distinguish these two types of
chromosomes in every figure. The division figures are, practically
speaking, all regular both in the heterotype and homotype divisions
“(Fig. 5). The pollen grains are mostly normal in appearance and the
abortive ones amount to less than 10 % (Fig. .13).

1. A preliminary report on observations of some-of the varieties of this plant was
published in Japanese with an Inglish summary (Nacao 1930).
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Figs. 1-6 A7 faszetta, “Tranklin” 1. Somatic nuclear plate, showing 20 chromosomes.
X 2210; 2-6, Meiotic phases. Figs. 2-5 X1710, Fig, 6 X2210; 2. Diakinesis, showing
10 gemini; 3. IMeterotype metaphase, showing 6 large and 4 small gemini; ~ 4. The same,
2 small gemini occupy the inner position; 5. IHcterotype anaphase; 0. J'Iomoty;)e meta-
phase, showing 10 chromosomes.

Figs. 7 and 8, N. fazetta, “lL.,"7 7. Somatic nuclear plate, showing 20 chromosomes.
x2210; 8. Heterotype meataphase, showing 6 large and 4 small gemini. Xx1710.

Figs. 9-12. N. fasetia, “ Bgy” 9. Somatic nuclear plate, showing 20 chromosomes. X 2210;
10. Heterotype metaphase, showing § large and 5 small gemini. X1710; 11. IHeterotype
anaphase. X1710; 12, Homotype metaphase. X 1710.

Fig. 13. Pollen grains of NV. Zazetra, “ Franklin” (Microphotograph).

sl

b) Variety *“T.a '

Txternal characteristics :—I.eaves 4% in number: leaves and scape about 30cms. long:
flowers 7-8 in number, 3-3.5cms. across; crown, brownish yellow, segments, pale lemon
yellow ; style not exceeding the anthers.

The somatic number of chromosomes is 20 as in the former variety
(Tig. 7). The chromosomes found in the heterotype division are quite
the same in size in relation to one another as well as in the numerical
ratio between the large and small ones, this being 6: 4 as in the variety
* Franklin,” as shown in Fig. 8.

¢c)  Variety “Ba”

External characteristics :—Small : leaves and scape about 20 cms. long: flowers 7-8 in
number ; crown, soft yellow, segments, cream white ; style more or le.s exceeding the anthers.

This variety shows 2o chromosomes in the root-tip cells (Fig. g)
and 10 bivalents or gemini in the heterotype metaphase. The size
relation between these gemini is recognizable as the same as in the
case of “Franklin,” but the numerical ratio between the large and
small ones is different from that found in “ Franklin.” In this variety
it is 5: 5 instead of 6:4 (Figs. 10, 11, 12). Nothing abnormal is found
in the chromosome behavior in division. The phylogenetic significance
of the difference between these two varieties in the ratio of chromo-
somes of different sizes will be considered later.

B) Triploid

a) “Yellow Prince” ‘

External characteristics : — Small bat strong: leaves flat and obtuse, 4-6 in number;
leaves and scape about 18-21 cms. long: flowers §-8 in pumber, 3.5 cms. across; crown,
cadmium orange, segments, scft yellow ; style not exceeding the anthers.

1. Baxer has classified the polyanthus narcissus into three groups, * bicoloves,” “ albae ™
and “latae  according to the difference in the color of the collora (BAILEY 1917, p. 2112).
By L, it is meant here that the plant is one belonging to the “lutac” type and has
2o chiomosomes in its somatic cells. In like manner, the letters “ A ?” and “B" in the
following also indicate that the plants called by these letters belong to the groups, the name
of which have those letters as initials, and the numbers attached to the letters signify the
somatic numbers of the chromosomes which the plants carry.
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Figs. 14-19. V. tazetta, “ Yellow Prince ” 14. Somatic nuclear plate, sh .wirg 30 chromo-
somes. X2210; 15—I19. Meiotic phases. Xi7Io; I15. Heterotype metaphase, showing Io
chromosomal elements; 16. The same, showing g trivalent and 3 univalent chromosomes ;
17. The same, showing 9 trivalent, I bivalent and 1 univalent chromoscmes. 18.
Heterotype anaphase. A triplet shown solid black split longitudinally — 19. The same. 2
triplets shown solid black split longitadinally.

This is .a triploid variety of Zaze/fa having 30 chromosomes in the
somatic cells (Fig. 14). In the heterotype division, there is a strong
tendency among the chromosomes to form trivalent complexes as in
the case of triploid Datura, Hyacinthus (BELLING and BLAKESLEE 1922,
BELLING 1925¢) and some other triploid forms (Fig. 15). In a number
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of cascs, some of the chromosomes fail to unite into trivalents, so
that more than 1o chromosomal elements, usually 11, 12 or 13, are
countable in the heterotype metaphase. In Tfigs. 16 -and 17, polar
views of the metaphase are reproduced, where the chromosomal consti-
tutions gm+ 3r and gmr -+ 111+ 11 are recognizable respectively. In Table
I the frequency of occurrence of these different, numbers of chromosomal
clements found in the heterotype metaphase in 57 pollen mother cells
is given without reference to the valency of these elements.

Table T
Number of chromosomal elements 10 ’ il 12 i3 ’ Total
Frequency 23 J 24 9 1 ’ 57

It is seen from this table that the occurrence of 12 and 13 elements
is exceedingly rare, while the other cases, 10 and 11, occur about
cqually often. In attempting to determine microscopically the valency
of these clements we often encounter almost insurmountable difficulty,
but the determination is usually indirectly possible in so far as it is
concerned merely with the question of how many chromosomal elements
of certain valencies there are in a given nuclear plate. IFor example,
if we have a nuclear plate composed of 11 elements, g of the elements
must be trivalent, the remaining two being bivalent and univalent re-
spectively, otherwise, the number 11 can not be maintained. The casc
where there are § trivalents (8yr+ 3n) may be considered, if the conju-
gation of non-homologous chromosomes is assumed, but this assump-
tion is impossible in the present state of knowledge and accordingly
the chromosomal constitution gy 1y 11 is the only reasonable consti-
tution that we can consider for the case where the number of elements
is 11. In Table II all the possible cases are given for each number
of clements, including unreasonable constitutions, which are marked
with an asterisk.

Table IT
Number of chromosomal elements 10 ir 12 13
1omr onr-+ I+ 11 | 9m-+ 31 7+ 3+ 3r
3, * 21042 6 E s
Possible constitution? St -+ 310 Smrr-+20r+21 -+ S+ II.
peie ot it SR I i i rbie S
} Gy + O™ 41+ 9

1. The roman numerals attached to the figures indicate the valencies of chromosomes,
their numbers being shown by those figures.
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The results given in Table I being interpreted in the manner
shown in Table II, we see that the fact that the cases of 10 and 11
elements most frequently occur shows that there is a strong affinity
among every three chromosomes causing them to form a trivalent
element, and we come to the conclusion that this variety is an auto-
triploid plant,! having 10 as its basis™® or cardinal number of chromo-
somes.

At anaphase one or two univalent chromosomes lag behind the
others, and split longitudinally. Their halves separate from each other
towards the poles after the other chromosomes of normal behavior
have reached the poles (Figs. 18, 19). About 45 % of abortive pollen
grains is found. The abortion seems to be due to the chromosome
aberration in the meiotic divisions.

b) * Chinese Sacred lily ”

External characteristics :—Robust form : lecaves flat, 4-6 in number: leaves and scape
about 32 cms. long: flowers prominent, 4.5 cms. across; crown primuline yellow, segments
snow white; style more or less exceeding the anthers.

Observations in root-tip cells show that this variety or form is
also a triploid plant having 3o chromosomes in the somatic cells, as
in the case of the variety “ Yellow Prince ” (Iig. 20). The chromosome
behavior in the reduction division, however, is different in certain
respects from what is found in that variety. In the heterotype meta-
phase the number of chromosomal elements varies from 7 to 14. It
is a peculiar fact that fewer than 1o chromosomal elements are found
in such a plant as this variety which is regarded as a triploid carry-
ing 3o somatic chromosomes. This peculiar phenomenon leads us to
the logical conclusion that there must exist some number of chromo-
some complexes of a higher order than those in “ Yellow Prince”,
such as, for instance, some tetra- or pentapartite elements, instead of
all being tripartite. Though the direct determination of the chromo-
somal constitution of these elements is very frequently hardly successful
in this plant too, owing to their compactness of union, it is at least
-possible in certain cases to secure some idea about the constitution.
The nuclear plate reproduced in Fig. 21 shows 8 chromosomal elements,
of which one is probably. of the pentapartite nature. Fig. 22 shows
another nuclear plate with 1o chromosomal elements of which one is
very large (probably multipartite) and some are much smaller (probably

1. A terminology proposed by Kimara and ONO (1926, p. 480).

2, A terminology introduced by BRIRGER (1928).

3. FERNANDES (1937 a. b) has reported that the number 10 is the diploid number of
Narcissus tazetfa.  The cardinal number of this plant will be discussed in a later chapter.
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univalent). In Fig. 23 a nuclear plate consisting of 14 chromosomal
clements, probably of the constitution, sm+6x + 35, is shown.

From these figures it is seen that there is no regularity in the
constitution of the complexes, that is, that the constitution of the
complexes or elements may be different in different elements. Primarily
the constitution must have been such as that we have scen in “ Yellow
Prince”, but in the variety in question a secondary union or association,
due to certain peculiar characteristics of the chromosomes, must have
taken place among the primary complexes, so that chromosome com-
plexes of higher orders than triple must result. A similar phenomenon
has been reported by Kimara and Nismivama (1930), occasionally
observed in one of the triploid species hybrids of Zyitwcoumn, and by
Nisaivama (1929) in a triploid hybrid of Awene. According to these
authors, the tetrapartite complexes which are often observed in these
triploid  Zretzcesn and Awver:a hybrids must have originated in the
union of two independent bivalents, and therefore, they are not tetra-
valents; a tetrasomic complex can not be expected to exist in a
triploid plant. The multipartite state or multiple association of chromo-
somes has also been found in diploid and tripluid varieties of Pyrus
(Darrineron and MorrerT 1930) and in some species of ZPomoideae
such as Crataegus monogyia and Pyrus ninina (MOFFETT 19 31). In
the case of Pyrus, the association of four, five, six, seven, eight and
even nine chromosomes has been reported. Darvringron and MoFreTT
(Darnineron and MorrerT 1930, MOFFETT 1931) have concluded from
these results of observation that the Pyrus plants are, though function-
ally diploid, historically quadruply tetrasomic and trebly hexasomic.
LAWRENCE (1931a, b) has also reported a similar result of observation
in Dallizr, and expresses the view that the formation of the chromo-
some complexes is due to the “secondary association” which takes
place secondarily between primary pairs of chromosomes.

The frequency of occurrence of different numbers of chromosomal
clements obtained from observation of 64 pollen mother cells is shown
in Table 11

Table III

Number of chromosomal o~
- ¢ I 11 2 13 4
elements / 8 9 o 1 3 14 | Total
Frequency 3 24 T2 It 6 4 1 3 64

If the chromosomal clements are ¢ or less than ¢ in number,
there must exist some multipartite chromosomes, though such a chromo-
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Figs. 20-30. V. fasetta, “ Chinese Sacred Lily”. 20. Somatic nuclear plate, showing 30
chrom._somes. X2210. 21-30. Meiotic phases. X1710; =2i. Heterotype metaphasc. 8
chromosomal elements, one of which is probably pentapartite, are shown; 22. lhe same,
showing 10 chromosomal eclements; 23. The same, showing 14 chromosomal elements
probably of 5ur+6m+3r; 24. Heterotype anaphase, showing 15 chromos mes in each pole ;
25-27. The same. 4, 5, 6 chromosomes shown solid black respectively split longitudinally ;
28. Homotype anaphase; 29 and 30. Irregular pollen tetrads.

Fig. 31. V. fazetta, * Soleil ’Or”. Somatic nuclear plate, showing 30 chromosomes. X2210.

Fig. 32. The wild growing species. Somatic nuclear plate showing 30 chromosom s. X 2210,

Fig. 33. Pollen grains of V. tazetta, * ChineseS acred Lily ” (Microphotograph).

some or chromosomes may also exist in those cases where 10 or more
than 10 elements are counted, as is shown in Fig. 22. According to
our data, the number of chromosomal elements is less than 10 in 39
cases out of 64, This fact must mean that the multiple association
of chromosomes is of common occurrence in this variety.

In anaphase the chromosomes may be distributed in equal numbers
to both poles, as is shown in Fig. 24. Irregularities in division are,
however, rather commonly observed. In IFigs. 23, 26 and 27 where
anaphase figures in the heterotype division are reproduced it is shown
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that 4, 6 and 7 chromosomes respectively lag behind the others, all
or some of them (as shown in the latter two figures) having split
longitudinally. lagging chromosomes are also found in the homotype
division, as is shown in Fig. 28. Through these and other irregularities
in the meiotic divisions, besides the normal pollen tetrads, abnormal
tetrads with or without a dwarf-nucleus or -nuclei as well as diads
and triads are produced (Figs. 29, 30). The presence of dwarf nuclei
in the abnormal tetrads suggests that in the homotype division some
chromosomes ‘fail to take part in the formation of the tetrad nuclei.
Despite these irregularities in the behavior of the chromosomes in
division, polyspory is of rare occurrence in this garden form. A similar
phenomenon has been reported in Raplanus-Brassica hybrids (Piecn
and MOLDENHAWER 1927, P. 32). About 70 % of the pollen grains
are empty in this Narcissus form (Fig. 33).

The root-tips of two other plants, ““ Soleil d’Or” (Fig. 31) and a
wild plant known taxonomically under the name Narcissus tazetia 1..
var, chinensts Roem, growing on the sca-shore in the temperate
regions of Japan (Fig. 32) were investigated, and both were found to
carry 30 chromosomes. This suggests that they are triploid, but the
behavior of the chromosomes in meiosis was not investigated. The
wild Narcissus at my disposal was that belonging to the bicolored
type with double flowers. Owing to this double-flowered condition
investigation of the meiosis was impossible.

Triploidy is known in garden plants in fairly nuwmerous cases,
but in wild plants it is known only in a restricted number of cases.
To mention some examples hitherto known in wild plants, we have :
Hemerocallls fulve (BELLING 1925 D, TARKENARA 1920), Lycorss radita
(Nisurvama 1928, Inarivama 1931), Lycorss squamigera (CAKENARA 1930,
InarIYAMA 1931), [7s japonica (Kazao 1928, 1929). In nature, only
in those plants in which a vegetative method of propagation is habitual
can the condition of triploidy be maintained ; in those plants in which
amphimixis is the only method of propagation this condition is broken
up by the process of meiosis, and only a new chance of producing
diploid gametes and another uew chance for them to nnite wito normal
haploid gametes, or a new chance for a triple fusion of normal gametes
can bring forth the triploid condition again. The case of triploid maize
found by Ranporrm, for instance, belongs to this latter case (¢f. Suare
1926, P. 398), and this is the reason why we can find triploid plants
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in only a relatively limited number of cases as compared with the
rather frequent occurrence of tetraploids in nature.

C) Heteroploid'

a) Variety “ By ”

External chamcieristics i—Leaves flat, 1.2 cms. broad, 4-5 in number: leaves and scape
15 cms. long: flowers 10-18 in number; crown, light cadmium, segments, cream white; style
not exceeding the anthers.

21 chromosomes are counted in root-tip cells (Fig. 34). In dia-
kinesis and metaphase in the heterotype division 10 bivalent chromo-
somes and 1 extra chromosome which is univalent are observable
(Figs. 35, 30 and 37). The bivalents can be divided into two classes
according to their sizes; the chromosomes of the first class, which
are 6 in number, are larger than the 4 chromosomes of the other, as
in “ Franklin” and “1y”. In Fig. 38, the extra chremosome is found
on the equatorial plate while in Fig. 39 it lies in the achromatic figure
outside of the plate. The behavior of the chromosomes in disjunction
is regular in general except for this extra univalent (Fig. 40). In
Fig. 41, a division figure in a stage slightly later than that reproduced
in Fig. 39 is shown. Ifere the extra chromosome has already taken
up its position at the pole in advance of the bivalents. In Fig. 42z,
an abnormal anaphasic figure is shown in which 11 chromosomes are
“found near the upper pole and the remaining ¢ near the lower, the
-extra .chromosome being found in the equatorial region. Fig. 43 shows
one of the sister groups of chromosomes at a later anaphase consist-
ing of 11 chromosomes from the bivalents and one extra chromosome.
This excess in the chromosome number must be a result of the non-
disjunction which is illustrated in Fig. 42. If in the heterotype division
the bivalents disjoin normally, the number of chromosomes to be found
in the homotype metaphase will be 10 in one of the sister cells and
11 (=10+the extra chromosome) in the other. This is often the
case, as is shown in Ifigs. 44 and 45. Generally speaking, the meiotic
process proceeds regularly except for non-disjunction, though there
are some other minor irregularities.

The behavior of the chromosomes just described shows that this
variety ““ By is a hyperdiploid plant in which the cardinal number
of chromosomes is 10, and not a triploid, though the number of

1. The term * heteroploid ” is used here in the sense of WINKLER (1916) correspounding
to the term “aneuploid” introduced by TAckuorm (1922) and * aploid ™ proposed by
JorGeENSEN (1928), .
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Figs. 34-47. V. tazetia, * By . 3} Somatic nuclear plate showing 21 chromosomes. X 2210,
35-47. Meiotic phases. Figs. 35-40 and 46-47 X 1710, 4i—43 X2210; 35. Diakinesis,
showing 10 bivalent and 1 extra (univalent) chromosomes; 36-37. Heterotype metaphase
in polar view: 38. The same in side view; 39. The same. An extra chromosome is
found in the achromatic figure; 40. Later anaphase, showing 11 chromosomes at the upper
pole and 10 chromosomes at the lower; 4i. The same. An extra chromosome at the pole
in advance of the bivalents; 42. The same. 11 chromosomes are found near the upper
pole and 9 chromosomes near the lower, I extra chromosome lying in the equatorial region ;
43. One of the sister groups of chromosomes at the later anaphase, showing 11 and I
extra chromosomes; 44-45. IHomotype metaphase, showing 10 and 11 chromosomes
respectively; 46-47. Pollen tetrads with deeply stained bodies.

chromosomes in the somatic cells is the same as that of a triploid
variety of another Narcissus species whose cardinal number of chromo-
somes is 7, such as V. pocticus, for example (¢f. Nacao 1929).

Sometimes there are found some small bodies, strongly stained,
in the cytoplasm in pollen tetrad cells. They vary in number and
size, and are found in only one of the tetrad cells in some cases and
in two or three of them in some others (Ifigs. 46 and 47). TSCHERMAK
and BLEIER (1926) have observed similar small bodies in the cytoplasm
of tetrad cells in the hybrid between Aegilops and Zriticum. They
are of the view that this may be an extruded chromosome. lONGLEY
and Sanpo (1930) approve this view saying : “ It seems quite probable
that what appeared to TscuErMAK and BLEIER as strongly stained
bodies in the cytoplasm of the cells of the tetrads in their hybrids
may have been similar to the micronuclei or extruded chromosomes
observed by the writers in their material.”

In the case of the variety “ By”, the distribution of chromosomes
towards the poles is generally regular in both heterotype and homo-
type divisions, and, hence, it seems unreasonable to take these bodies
for an extruded chromosome or chromosomes which have failed to
reach the pole in the telophase, or for micronuclei resulting from
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alveolization of these chromosomes. I am inclined at present to take
these stained bodies in this variety as extranuclear nucleoli, though
their origin and fate have not yet been investigated.

‘b) Variety “ Az ” (Probably * Paper White ” ?)

Ixternal characteristics :—Slender and graceful, early blooming: leaves and scape 24—
23 cms. long: leaves 4-6, mostly 4 in number: flowers small, 5-9, mostly 7 in number ; both
segments and crown snow white; style not exceeding the anthers.

This variety has 22 chromosomes in the root-tip cells (Fig. 48).
The investigation of the meiotic phases in this variety gives some
interesting results which suggest the origin and process of the hyper-
diploid chromosome number deviation in some varieties of Narcissus
fazetta. TFigs. 57 and 58 show a nucleus in diakinesis and a division
figure in the heterotype metaphase respectively ; in both of them 1t
gemini or bivalents are counted. I‘our hivalents among them are
rod-shaped and larger than the remaining 7 which are round in shape.
In many cases {386 cases out of 4350), however, fusion of two smaller
gemini into a tetrapartite complex of the size of the larger ones takes
place, so that the total number of chromosomal elements is 10 instead
of 11 (Figs. 56 and 59). As a consequence of this fusion of chromo-
somes into a complex, the numerical ratio between the numbers of
small and large chromosomes becomes altered, it being now 3 : 5 instead
of 4:7 (Figs. 53, 56, 59 and 60). This ratio is the same as that
found in the variety “ B,)”. In the variety in question both types of
pollen mother cells with and without the fusion of chromosomes arc
found in the same loculus of the anther. It would, then, not be un-
reasonable to assume that the number 11 has been derived from 10
by the cross segmentation of a chromosome of the larger size, because,
as will be discussed later, the latter number is the cardinal number
in Narcissus tasctta. This secondary number is fixed in the somatic
cells, but is liable to reversion into the primary number in the pollen
mother cells. While the tetrapartite nature of the chromosome is
clearly observable in a late prophase or diakinesis (Ifigs. 49-54), it is
generally obscure in the metaphase, especially in polar view, complete
coalescence into one taking place so intensely that no sign of the
tetrapartite nature is discernible. Iig. 61 shows an cxceptional case
where one of the chromosomes occupying the central position in the
arrangement clearly shows its tetrapartite nature. In Fig. 49 a tetra-
partite chromosome taken out of a cell in a late prophase before
diakinesis is shown. This chromosome corresponds to the tetrapartite
chromosomes in diakinesis, reproduced in Figs. 32 and 33, in which
the fourfold character is cvident. In the tetrapartitc complex shown
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Figs. 48-66. . faszetta, ““ Ay, 48. Somatic nuclear plate, showing 22 chromosomes.
X 2210. 49-06. Meiotic phases. X1710; 49. A late prophase: In one chromosome the
tetrapartite nature is clearly shown; 50 and 5i. The same, showing a large, tetrapartite
chromosomal element; 52. Diakinesis. The four-fold nature is seen in a chromosomal
element drawn solid black; 53. The same. A chromosomal element drawn solid black
is separating into two halves; 54. The same. In a chromosomal element drawn solid
black a constriction is seen; 55. Two sets of chromosomes taken out of diakinesis nuclei
with and without cross segmentation of a chromosome, arranged in lines according to size
and length; 56. Diakincsis, showing 9 bivalents, I tetrapartite ring chromosome and a
nucleolus; §7. The same, showing 11 bivalent chromosomes and a nucleolus ; 38. Hetero-
type metaphase in polar view, showing 4 large and 7 small chromosomes; 39. The same,
showing 5 large and 5 small chromosomes; 60. The same, showing a constriction in one
of the large chromosomes; 6i. Thz same, having a tetrapartite ring complex occupying
the central position; 62. Heterotype anaphase, showing 11 chromosomes at each pole;
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63. Heterotype telophase. In the upper nucleus 11 chromatin bodies are seen; 64. Early
telophase, showing the chromosome bridge and a chromatin granule; 65. Heterotype
anaphase, showing 12 chromosomes; 066. Heterotype telophase showing a dwarf nucleus
besides the two large nuclei.

in Fig 52, the component chromosomes are almost separated into two
distinct double members. In some cases, in diakinesis as well as
metaphase, a constricted, achromatic portion is found in a large chromo-
some. This constriction seems to suggest that this chromosome is of
the tetrapartite nature. Figs. 54 and 6o show such chromosomes in
diakinesis and metaphase. They may be compared with the large,
prophasic chromosomes with the tetrapartite appearance which are
reproduced in Figs. 50 and 51. In the anaphase, segregation of mating
chromosomes towards the poles is regular in most cases ([Fig. 62).
In Fig. 63, in which a cell in the telophase is shown, 11 chromosomes
are counted in the upper nucleus. Iig. 65 probably shows a case of
non-disjunction. In Table IV the numbers of chromosomes counted
in 64 pollen mother cells in the anaphase are given.

Table IV

) Chromosome namber
Anther loculus Total
9 10 11 12
A o 8 34 1 43
3 1 I 18 [ - 21
Total 1 9 52 2 64

Besides non-disjunction, the so-called ““ chromosome bridge ” and
extra small nuclei are sometimes found (Figs. 64 and 66). With the
exception of these abnormalities the division proceeds regularly in
many cases. About 43 % of empty pollen ‘grains is found in this
rariety.

The most interesting feature in the chromosome behavior described
above in this variety is the occurrence of the cross segmentation of
one special chromosome of the haploid set. Straspurcer (19o3) drew
attention to the fact that in Funki (Fosta) a namber of small chromo-
somes is found in the heterotype nuclear plate among others which
are much larger, and concluded that the smaller ones must have origi-
nated in the cross segmentation of the larger ones. This interpretation
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was followed by Mivake (i19o3) and Svkes (1908), and STRASBURGER
(1910) came to the same interpretation for similar cases in Vwcca and
Galtona.

In his study of chromosomes of Zea A/avs Kuwana (1911, 1915,
1919) has found 10 gemini in starch corn races and 12 in some sugar
corn races. The correlation between the number and size of the
chromosomes has been clearly demonstrated, as in the case of Nar-
cissus. He says: “ Wenn 1o (Gemini vorhanden sind, so findet man
unten ihnen immer zwei Grossere, wenn 11 Gemini gefunden, so nur
ein Grosser und wenn 12 aufgewiessen, so kein Grosserer und die
allen Gemini sind beinalie gleich in der Grosse” (Kuwabpa 1915, D.
86). Thus he has concluded that the variation in the number of
chromosomes in Zea MMays is due to the cross segmentation of certain
chromosomes. A

Gorou (1924) has found two kinds of individuals in Secale cercale
which show 7 and 8 gemini in pollen mother cells respectively, and
has concluded that the latter number has been derived from the former
by the cross segmentation of a chromosome. This fact was confirmed
later by Berning (1925a) in the same plant and by Emme (1928) in
Secale montanum’ and .S, fragile.

Some other examples of the cross segmentation of chromosomes
have been given in Oenothera scintiliance (HANCE 1918), Crepis tectorum
(Nawasciin 1926), Scirpus palustris (HAxkansson 1920b) and others.
In the animal kingdom, SEILER's investigation (1922, 1925) in .Solenobia
and Phragmatobia into this subject are well known. In Bowmbyx wior,
too, Kawacucnt (1928) has come to the conclusion that the 28 chromo-
somes in this species have been derived through the cross segmen-
tation of a chromosome from the set of- 27 chromosomes which /2.
mandarmae carries.  In his studies of chromosomes in Zeprdoptera,
Beriayerr (1930) has mentioned the fact that in species with large
numbers of chromosomes, such as Preris rapac (n=z25), for example,
the chromosomes are smaller in size than those of species with a
smaller number, such as in 2. brassicac (n=15), while the chromo-
somes may he of nearly the same size even in different species, when
the numbers are nearly equal, as is exemplified by Swecrinzthus popule
(n=21) and .S. ocellata (n=28). From these facts he concluded that
the larger number of chromosomes in a species must have been derived
from the smaller number of chromosomes in the original species by
cross segmentation during its evolutional history.

1. Srorze (1925) has reported a reverse case in this species in which the haploid number
7 is reduced to 6 by the constant fusion of 2 chromosomes.
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From the instances enumerated above it seems that the pheno-
menon of cross segmentation of the chromosome is not of infrequent
occurrence in both the animal and plant kingdoms, and that it may
play an important réle in the production of a seeming hyperploidal
chromosome number. Its bearing upon the study of phylogeny as
well as its significance in genetics have been discussed in detail by’
several authors (Kuwapa 1919, SEILER 1922, BELAR 1928, DELAUNEY
1922 and others).

The correlation. between the size and the number of chromosomes
which is recognizable from comparison of the 22 chromosomes in the
variety “ As” of Narcissus tazefta with the cuploidal chromosomes
in the other varieties of that species described above, shows, beyond
doubt, that this variety represents a new case of increase of the
chromosome number by cross segmentation of a chromosome.

¢) Variety “ By ”

External characteristics :~~Robust form: leaves flat, 2 cms. broad; 4-5 in number:

leaves and scape 27-32 cms. long ; flowers 9-15 in number ; crown pale lemon yellow, segments
snow white; style not cxceeding the anthers.

In this variety the somatic number of chromosomes is 31 (Fig.
67). In the heterotype division 10 bivalent and 11 univalent chromo-
somes are clearly observed (Figs. 68 and 6g), and only in rare cases
both univalents and bivalents are 1o in number respectively (Iig. 70).
This co-existence of bivalents and univalents indicates that this variety
is of a hybrid origin. The bivalent ‘chromosomes or gemini are of
different sizes, and the size relation is just like that found between
those in *“ IFranklin 7.  The supernumerarity in the univalent chromo-
somes is considered to have originated in the cross segmentation of
a chromosome as in the variety “ Ay, If this is actually so, the case
shown in Ifig. 70, where the number of univalents is 10, can be taken
as representing the state in which the cross segmentation of a chromo-
some is suspended, or rcunion has taken place between the segments.
Thus it would not be unreasonable to assume that this variety is a
hybrid produced by the union of a diploid gamete having chromosomes
of the * Franklin” type and a haploid gamete with chromosomes of
the “ As” type. Then, according to BRIEGER’s -terminology (1928),
this variety may be called a “ haplo-diploid ”’ plant, and it is a hetero-
genomous tribasic plant with two genomes each homologous to that
of “Franklin” or of “J., " and capable of forming bivalents between
each other, and another genome, homologous to that of ““ Ag” variety,
or a genome probably derived through cross segmentation from that
of “ By,
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Figs. 67-85. N. tazetta, “By”. 67. Somatic nuclear plate, showing 31 chromosomes.
X 2210, 68-85. Meiotic phases; 68. Helerotype metaphase in polar view, showing 10
bivalents (drawn solid black) and 11 univalents (drawn in outline only). X2210; 60.
The same. X2210; 70. The same, showing 10 bivalents (solid black) and 10 univalents
(outline). X1710;  71. Heterotype metaphase in side view, showing some univalent
chromosomes (solid black) scattered irregularly in the cytoplasm. X2210; 72. Heterotype
anaphase, showing 3 pairs of divided lagzing univalent chromosomes (solid black) in the
equatorial region. X22i0; 73-78. The same. Th= longitudinal division is seen in 4,
5, 6, 7, 8 and g univalent chromosomes respectively, shown solid black. X2210; 79a-D.
The same, showing longitudinal division in 10 univalent chromosomes drawn solid black.
X2210. 3 of them are drawn, bzing taken out of their original positions to avoid compli-
cation of the figure; 8oa-b. The same, showing 31 chromosomal elements in all, of
which 9 chromosomes lie at the upper pole, 8 at the lower, I tripartite and 11 univalent
chromosiymes between the poles. X 1710. 5 univalent chromosomes out of the 11 between
the poles are drawn scparated from the others; 81 a-b. The same, showing 31 chromosomal
elements in all, of which 8 chromosomes lie in each pole, 2 tripartite and ¢ univalents
between the poles, § univalents out cf the 9 being drawn separated from the others. X 17103
82 and 83. Heterotype telophase, showing many dwarf nuclei. X1710; 84. Homotype
anaphase, showing 4 lagging monad chromosomes. X17:10; 85. The same, showing diad
chromosomes which are separating into monads. X 1710,

The univalent chromosomes are usually found outside the nuclear
plate which consists of the bivalents, but it not infrequently happens
that some of the univalents occupy a position in the nuclear plate,
and sometimes even all the univalents take part in the formation of
the plate (Fig. 70).

In the anaphase the bivalents or double chromosomes disjoin into
single chromosomes which pass to the poles with some of the un-
paired, univalent chromosomes. The remaining univalents, 3—10 in
number, lag behind on the equatorial plane, being longitudinally divided,
and each half migrates towards the poles after the other chromosomes
have reached there. In TFigs. 72-79, division figures in this stage are
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reproduced. This type of chromosome behavior belongs to the Frro-
selle type of Kimara (1924, p. 133). Sometimes some interesting
figures are met with, in which one or two tripartite chromosomes,
probably produced by the secondary association, are found. In Iigs.
8o and 81, one or two tripartite chromosomes are shown in the achro-
matic area with several univalents which lag behind the others. This
shows, that not only univalent chromosomes but also tripartite chromo-
somes may lag behind the others in division. The frequency of oc-
currence of the various numbers of lagging univalents which split
longitudinally is recorded in Table V.

Table V
Number of lagging chromo- ” . " .
somes = { I 2 30 41 5 61 7 { 8§81 9| 1o} 11 {Total
Frequency i ol o ‘ 6| 64 61711311411} 6} 1| 80

From this table it is seen that the cases where the number of
lag‘ging' chromosomes is 6-8 are of the most frequent occurrence.

TFrom the irregular behavior of the chromosomes mentioned above,
it is to be expected that the number of chromosomes may be different
in the sister anaphasic chromosome groups. Two examples are shown
in Figs. 8o and 81. In TFig. 80, g chromosomes are found at the
upper pole and 8 at the lower, and 1 tripartite and 11 univalents
between the poles lagging behind the others; in Fig. 81, there are
8§ chromosomes at each pole, and 2 tripartite and ¢ univalents between
the poles. Frequently the lagging chromosomes have great difficulty
in migrating to the poles. In this case, even all of these are found
left in the cytoplasm in the telophase, forming many dwarf nuclei
(Figs. 82, 83). When tetrads are formed, there are, however, found,
contary to expectation, only a few tetrad cells which are polynucleate.
This is probably due to the possibility of the dwarf nuclei taking part
in the formation of the nucleus proper during the homotype division.
I'rom the behavior of the chromosomes in the heterotype division it
is also to be expected that a number of lagging chromosomes may
appear in the homotype division too. In Figs. 84 and 85 such lagging
chromosomes are shown. In the former figure they are 4 in number
and all are monads not showing the longitudinal split. They are
regarded as having originated in the longitudinal halves of the lagging
chromosomes in the heterotype division. In the latter figure the lagging
chromosomes are 2 in number, and both have been longitudinally
divided, the halves being separated from each other to a considerable
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extent in one of them. These chromosomes in the latter figure are
regarded as having originated in those univalents which did not undergo
the longitudinal division in the heterotype division.

Many tetrads present the normal appearance, but in a few, cach
cell is polynucleate containing, hesides the nucleus proper, a dwarf-
nucleus or -nuclei in it. Polyspory is of rather rare occurrence in
this variety. About 60 26 of the pollen grains are empty.

&“oT
d) “Tauna”
External characteristics :—T.eaves mostly 6 in number: flowers § in number; crown
light yellow, segments snow white ; style not exceeding the anthers.

In this variety 32 chromosomes arc counted in the root-tip cells
(Fig. 86). The material at my disposal for the study of the meiotic
phase was so insufficient that it was hardly possible thoroughly to
trace out all the meiotic phases, but the results so far obtained will
be mentioned below. The meiotic division is very irregular in this
variety, and it is not easy to determine exactly the number of gemini
or chromosome complexes nor to analyse their chromosomal consti-
tution. In many cases the number is 16 in the metaphase, but may
vary from 16 to 20. This variation in number seems due to the possi-
bility of some chromosomes sometimes remaining unpaired, and some-
times fusing into tripartite chromosomes. In Fig. g1 such tripartite
chromosomes are shown.

It is very curious that in this variety no diakinesis stage is found.
Since, in this plant, the reduction division proceeds regularty in acropetal
succession from the pollen mother cells at the bottom of the pollen
sac to those on upper levels, it is not very difficult to trace each stage
in the division one after another, and yet no diakinesis is found. ~After
shortening and thickening, the strepsitene spiremes group together in
the central region of the nucleus (Fig. 87), and without passing through
the typical diakinesis, they proceed directly into the metaphase, in
which the chromosomes are very irregularly distributed. In Ifigs. 88~
9o, 16, 17 and 20 chromosomes are countable respectively. Clumping
of some chromosomes is frequently observed as shown in Tig. gaz.
It hardly ever happens that all the chromosomal elements are regularly
arranged in the equatorial plane, and as shown in Iig. 93, the mig-
ration is very irregular, the chromosomes mostly failing to travel towards
the poles. This often results in the formation of a giant nucleus of
a considerably irregular shape-—the restitution nucleus. In Fig. g3
a tetranucleate cell having nuclei of different sizes is shown, and in
Iiigs. g4 and g6, large restitution nuclei. The giant nucleus may be
accompanied by a number of dwarf nuclei as in the case shown in
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Figs. 86-99. V. fazetta, “ Luna”. 86. Somatic nuclear plate showing 32 chromosomes.
X 2210. 87-99. Meiotic phases. X 1710; 87. A late prophase showing chr matin clements
grouped tegether in the nucleus ; 88, Heterotype metaphase showing irrezular arrangements
of chromosomes, scattered about the cytoplasm. 16 chromosomal elements can be counted ;
89. The same. About 17 chromosomal elements can be counted; g¢o. The same showing
20 chromosomal elements; 9r. Tripartite chromosomes in the heterotype metaphase; gz2.
Heterotype anaphase showing a clump of chromosomes; 93. The same showing an irregular
distribution of chromosomes; 94-96. Heterotype telophase showing nuclei of various sizes
and shapes; 97. Homotype telophase. A dwarf nucleus is seen; g8 and 99. Trregular
pollen tetrads.

IFig. 96.  Though actual observation is lacking, it is highly probable
that these restitution nuclei divide further. Through these irregularities,
various abnormal types of tetrad cells are produced. Some of them
are shown in Ifigs. ¢7—99.

It seems possible to consider that this variety is of a hybrid origin
and the irregularities in the chromosome behavior mentioned above
are principally due to this hybrid nature. FErRNaANDES (1931 a, b) re-
ports that he has found 12 chromosomes in the somatic cells in certain
Narcissus species (¢f. p.168). If an interspecific fertilization happens



110 S. NAGAO :—

to take place between abnormally produced diploid gametes from a
diploid form of . fazeffa and those from a species whose somatic
number of chromosomes is 12, we may expect that the resulting hybrid
plant should carry 2n=32 (20+12) chromosomes. If, furthermore,
it is assumed that autosyndesis takes place within each parental chromo-
some group, we shall have as many gemini as 16 (10+6) in the
heterotype division, and this number is what we have actually observed
in many cases in this plant.

I1I. Cases where the cardinal number of chromosomes is 7

1. Narcissus Jonquilla L.

* The somatic number of chiromosomes is 14 in this species (Ifig.
100). This number is also found in the double Howered forms of this
species (NaGao 1929), and the same number has heen reported by
I'Ernanprs (19318, b) in Narcissus Jonqudio 1. vav. jongudlloides
(Wxk). The chromosome behavior in the pollen mother cells is on the
whole regular in this species. The number of chromosome pairs or
gemini is found in most cases to be 7 at diakinesis and metaphase in
the heterotype as well as the homotype division (IFigs. 101~r05). This
number “ 7”7 is also found in N. Pscudonarcissus, N. tncomparabilis,.
and some other species (¢/. later chapter), and thus we can provisionally
say that there exist at least two cardinal numbers in the genus Nas-
cissus, 7 and 10, the latter of which we have already mentioned above.'
2 gemini of the 7 are, in N, Jonguille, slightly smaller than the re-
maining 5, but this difference in size is not so distinct as that found
between the chromosomes it V. fazeffa. In some cases, in 1 or 2
gemini the component chromosomes are very loosely associated, ot
cven quite separated from each other, so that more than 7 chromosomal
elements are counted in the heterotype nuclear plate. Lven in this
latter case the separated or disjoined chromosomes are found in the
neighbourhood of cach other, very often occupying a position in the
outer ring of the chromosome arrangement (IFigs. 106 and 107). This
peculiar behavior of chromosomes in disjunction may be compared with
that observed by Icmijyima (1930) in the 7-chromosome species of
Fragarwm, in which, according to him, a pair of chromosomes disjoin
and move towards the poles in advance of the other chromosome

1. FerNANDES (1931 a, b) reports that he has found another haploid number, 6, in some
species.  This number may De regarded as another cardinal number in the genus Nareissus,
though, so far as I am aware, this is the only report hitherto made.

©
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Iigs. 100-107. N Jongur/la. 100, Somatic nuclear plate showing 14 chromosomes. X 2210;
101. Diakinesis. Showing 7 gemini and 2 nucleoli. X1710; 102, Heterotype metaphase
in polar view showing 7 bivalent chromosomes. Xi7i0; 103. Heterotype anaphase in
polar view showing 7 chromosomes at cach pole. X1710; 104. Heterotype anaphase in
side view showing 7 chromosomes in each pole. X 1710; 105. Homotype metaphase show-
ing 7 chromosomes in each sister cell. X2210; 106, Heterotype metaphase showing 6
bivalents and 2 univalents (shown in outline). X1710; 107. The same showing 5 bivalents

and 4 univalents (shown in outline). X17io.

pairs. To this peculiar pair of chromosomes he has given the name
“precursory chromosomes”. In Narcissus Jonqguiia, such a precursory
movement has not vet been observed, but failure of conjugation is of
quite frequent occurrence in one or two pairs of chromosomes in the
meiotic division of pollen mother cells, as is also the case in Icaijiva’s
Fragaria.
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In the second division the metaphase plates are very regular (Iig.
105). The two plates are disposed at right angles or parallel to each
other. In Fig. 105, 7. chromosomes are clearly counted in both sister
cells. About 37 2% of empty pollen grains is found in this species.

2. Narcissus Pseudonarcissus L.

A) Diploid

The diploid number of chromosomes is 14 in the garden varieties
of this species, “ Victoria,” ““ Albicans ” and “ Princeps Maxim ” (Iiig.
108). In these varieties, owing to the lack of sufficient material, the
behavior of chromosomes in the meiotic division was not observed,
but it is inferred from this diploid number that the reduced number
is 7 in these varieties as in the casc of the other species investigated
such as Narcissus Jonguille and N. fnconparabiliss, and according to
pE Mouw this is actually the reduced number in this species (pE Mot
1928).

\ B) Triploid

“ Emperor ”

External characteristics :—Strong stout : leaves flat, 2-2.5 cms. broad, 4-6, mostly 4 in

number : scape 30-32 cms. long: flowers horizontal, golden yellow; trumpet more or less
frilled.

~ The somatic number of chromosomes is 21 in this variety (Fig.
10g). In the metaphase in the heterotype division there are found 7
trivalent clements, each of which consists of three component chromo-
somes (Fig. 110). These component chromosomes must be homologous
with one other, and this variety is regarded as an autotriploid form.
Sometimes, however, we find among the trivalent eclements one or
more single or univalent, and double or bivalent chromosomes which
fail to form the trivalent complex with their partners, so that a some-
what larger number of chromosomal elements than 7, usually 8 or g,
and sometimes still more, may be counted in the nuclear plate (Figs.
111-113).

The frequency of occurrence of these different numbers of chromo-
somal elements in the metaphasic plates, obtained from observations
of g4 pollen mother cells, is given in Table VI with all possible sets
of chromosomal elements of different constitutions or valencies for each
observed number of the elements.

In this table possible but improbable sets are marked with an
asterisk to distinguish them from those which probably occur. If it
is assumed that the latter sets have an equal chance of occurring, it
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Table VI
Number of chromosomal ; 8 9 0 .
elements
Observed frequency 6 16 I3 20 13
7ur | O+ trr-+ 11 6rrr+ 31 Smr+1Im44r | Smr+0r
sort2n+21] 4+ 3n+ 3t 4nr- 21+ 51
PPossible constitution: of 4+ 1+ 4] 34 S 2re 3+ 4+ 41
chromosomal elements 301+ 6rr* 2t 7 17 | 2 b 3r¢
1+ o 1r+ 8+ 2r*
10+ 17%
Number of chromosomal Y . .
clements 12 13 4 5
Observed frequency 17 4 4 1
4nr-+ i+ 7t 4m-+91 3mr+ 1+ 101 | 3121
3ur-+ 3+ 061 3420481 | 2mA4 3+ or anr+ 21
Possible constitutions of . N .
chromosomal clements 21+ S+ 5x 2rr+4u+71 |t S8t inr+ 4+ 101
i+ 7ir-b4rt | tmOn+6r | 7+ b+ 9r
o+ 3¢ S+ 5¢%

will result from this table that the frequency of occurrence of the
various numbers of trivalent chromosome complexes in the sets will

be as shown in Table VII.

Table VII

Rumber of tl;i‘:'tlierslgtc}l1'omosomes IFrequency Per cent.
71 6 6.38
O 16+L33— 21.63
51 333-'*‘ ? *%3- 19.86
it %3—+2—20- —%;—+IT7+*:~ 20,95
3 133-'*‘%'*‘—%*'*‘-3—4'% 13.03
21 —137—'*“1— +—jr *;— 8.43
m *}‘*‘-}‘F% 2.39
ot —:—4‘ -—;—~ 1.33
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Iigs. 108-124. Diploid and triploid trumpet daffadils. 108, ¢ Princeps Maxim ™.
nuclear plate showing 14 chromosomes. X2210; 109. “ Emperor”.
21 chromosomes. X2210.

Somatic
The same showing

Irigs. 110-124. “Emperor” (triploid). Meiotic phases. Figs. 110-118 and 120-124 X 1710,
Iig. 119 X2210. 110. Heterotype metaphase showing 7 trivalent chromosomes; 11T,
The same in polar view showing 8 chromosomal elements ;

112. ‘The same showing 9
chromosomal elements (6 trivalents and 3 univalents) ;

113. The same showing 14 chromo-
somal clements, probably consisted of 1 triple, § double and 8 single chromosomes; 114
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and 115, Heterotype anaphase showing iongitudinal division in the third triplet (shown
solid black); 116, The same showing 21 chromosomes in all, of which 6 lie atjthe upper
pole and 8 at the lower, and the remaining 7 (shown solid black) split longitudinally;
117. The same showing 21 chromosomes in all, of which 7 lic at each pole, the remain-
ing 7 (shown solid black) being split longitudinally; 118. Homotype metaphase showing
about 15-16 chromosomal elements; 119, Homotype metaphase in side view.” 5 monad
chromosomes (shown solid black) are found scatteved in the cytoplasm; 120. Homotype
anaphase showing 5 monad chromosomes lagging behind the others in the equatorial region ;
121, Homotype telophase showing polynucleate sister cells; 122, The same. A dwarf
nucleus and a giant elongated nacleus are seen in each sister cell; 123 and 124. Pollen

tetrads with or without dwarf nuclei.

It is seen from the table that the case where the trivalent chromo-
somes are 4 in number is most numerous, the percentage frequency
being 26.95, and the cases where they are 6 and 5 in number come
next in the order named, the frequencies being 21.63 % and 19.86 %5
respectively, while the case where all the elements are trivalent occurs
only in 6.38 % of the cases. A case where there is a set of 6 trivalents
and 3 univalents which have failed to form a complex is shown in
Fig. 112, and in Iig. 113, a case where we have a set of 14 chromo-
somal elements, probably of the constitution 1m 51+ 8r.

In the heterotype anaphase, while every two of the triplets of
the trivalent complexes regularly pass to opposite poles, some of the
third lag behind, and undergo the longitudinal splitting which is follow-
ed by the separation of the halves towards the poles that takes place
after the other chromosomes have reached the poles as observed in
the case of a triploid variety of Narcissus pocticus (NaGao 192g9). The
number of lagging chromosomes ranges from 1 to 7. In TFigs. 114
and 113 respectively, 4 and 7 lagging chromosomes in the anaphase
which split longitudinally are shown. In Fig. 115, two chromosome
fragments (?) are seen at the lower pole. In Figs. 116 and 117, the
numbers of the chromosomes at the two poles are different from each
other, a fact which may be expected from the abnormal behavior of
the chromosomos just mentioned above.

A similar behavior of chromosomes has been observed in triploids
of Zuwlipe (NEwrox and DARLINGTON 1929), Salix (HAKANSSON 1020),
Zea (McCrLintock 1929) and Al (LEvaN 1931), while in most other
triploids where also the formation of trivalent chromosome complexes
prevails, the chromosome distribution to the two poles is hap-hazard,
and ncither lagging nor longitudinal splitting of triplets occurs at all (for
example, Canna, Dature, Hyaciinthus; BELLING; 1921, 1925 ; BELLING
and BLARESLEE 1g22).
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In Figs. 118~124, some kinds of abnormality in the second division
are illustrated. Sometimes, the number of chromosomes comprising
the two sister nuclear plates is larger than that in the somatic cell
(Tig. 118). This supernumerarity seems due to the separation from
cach other of the longitudinally split halves of some chromosomes in
the heterotype division. I‘requently, in the metaphase, a number of
monad chromosomes which must represent these separated halves of
the chromosomes are found in the achromatic area (Fig. 119), and
in the anaphase they are found lagging behind the others (Fig. 120).
It is interesting to note in connection with these irregularities that in
most cases some dwarf nuclei are found besides a large proper nucleus.
It scems that they are formed as the result of failure of some chromo-
somes to take part with the others in the formation of the proper,
normal nucleus. It is a characteristic feature in this variety that each
individual cell of the pollen tetrads contains one or more dwarf nuclei
besides a large one. In his study of Ribes Gordonzainun, MEURMAN
(1928) says: “ My observations show that the cells with supernumerary
nuclei are at least as common as those without.,” (p. 325).

Other irregularities in pollen-tetrads are shown in Figs. 121-124.
In Tig. 121, a figure of the homotype telophase where both sister
cells are polynucleate is reproduced, the nuclei being of different sizes.
In TFig. 122, a dwarf nucleus and a giant, elongated nucleus are found
in each sister cell. The origin of the elongated form is to be found
in the irregular distribution of chromosomes from pole to pole. In
Fig. 123, all the cells of the pollen tetrad except the one on the upper
left side carry a dwarf nucleus or -nuclei besides a large one, and in
TFig, 124, one of the cells is devoid of contents except a dwarf nucleus.
Polyspory is observed only in rare cases.

C) Tetraploid

a) “XKing Alfred”
External characteristics :—Tall and vigorous: leaves broad and flat, 3-4 in number:
flowers ascended, golden yellow, not frilled ; the expanded trumpet 4 cms. in diameter.

In this variety the number of chromosomes in the root-tip cells
is 28, a number which is twice as large as that found in the diploid
forms (Fig. 125). In the heterotype division in pollen mother cells,
there are often found 7 tetravalent complexes of chromosomes in the
metaphase (Fig. 129), a feature which is characteristic of autotetraploid
plants. More frequently, however, in some of the complexes, the as-
sociation of chromosomes into the tetravalent complex is incomplete,
so that 8-15 chromosomal elements are counted in nuclear plates (Figs.
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130-136). The configuration taken up by the complexes is manifold.
The figure of eight is that which is most commonly found, but figures
such as an open or an oval ring are also found (Figs. 126-128). The
frequency of occurrence of the various numbers of chromosomal elements
counted in the metaphase in 273 pollen mother cells is given in Table
VIII, together with the chromosome constitutions (valencies) of the
elements which it is possible for each number to assume in the meta-
phasic plate.
Table VIII

N er " ;
nmber ‘of clnqmosom 1} 7 8 9 10 1
elements
Possible constitutions of v (Grv2r Srv -4 41v+6q1 3rv+8ir
chromosomal elements 6
d . e S ) 2 S 2
(Improbable  constitus Orv+Im-+Ir | Ov+ e+ 21 Spv -+ 3g4-21| qrv+5n+2;
tions. which are marked S1v -2y Orv+41 S1v 4241
with an asterisk being
also given)
" 2 5 - H 28
Frequency 3 54 7z 7t 8
(Fig. 120) (Fig. 130) | (Fig. 131)
N cr o y SOMY &
amber of chr OP]OSOm’lI 12 13 14 15 )
elements - 15
21y - 1011 Ity 1251 v 120+ 11 | T 10 30

bl 372l 2rvoin-2r | 2mt10og+2r | 2m- ok 41
Possible tituti f

Clﬁflll)os(fgﬁ ' 21:3?:5“25 divgqu-t4r | 3vHOn4r | 3+ Sk 3 3 71 5t
(Improbable  constitu- | Siv+ig46r| 4rv+3u-+06r | 4m+6n+4r | gnr+5u--6r

tions which are marked

with an asterisk Deing Siv+8y Sart4n+5r | St 3udn
also given) 6m -+ 21+ 61 61+ 11+ 81
771 13421
1411
I'requency 17 3 3 2 273
(Fig. 132) | (Figs. 133, 134)] (Fig. 135) (Fig. 136)

If we assume that those sets of the elements of different consti-
tutions given in the table have an equal chance of occurring, we shall
obtain from this table the frequency of occurrence of the various
numbers of tetravalent complexes in the metaphasic plates. These
frequencies are shown in Table IX.

Tetraploid forms, since they were first found in Ocnotiicra by
pk VRIES, have increasingly been reported in various plants, such as, for
instance : .Solanum (WINKLER 1916, JORGENSEN 1928, LmsLev, M. M.
and LesLey, J. M. 1930, I.ongLry and CrLarRKR 1930, LixpsTorM and
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Table IX

Number of tetravalent chromosomes - -
in a metaph. plate [frequency Per cent.
IV 23 8.42
n ey
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Ory St 4104
72,71, 28 17 3
SIv i H e e Mt 27.0§5
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28 | 17
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3 4 5
17
<1\ —L ":3* 1-78
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Ty - 0.22
h]
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Koos 1931), Eucklacna (Loxcrey 1924), Datura (BeLrixe and Brage-
SLEE 1924), Galeopsss (MUNTZING 1930 a, b), Petunin (IKOSTOFF 1930 b,
Kosrorr and Kunparr 1931 h), Préanula (Somve 1930, DarLINGTON
1931 a), Aliwm (Levan 1931) and others. We have, however, only
a few reports in which the formation of the tetravalent complexes is
recorded, as in the case of Dafura (Berring and BLAKESLEE 1924),
Prineecde (DARLINGTON 1931),' and .Solanumn (I.msrey, M. M. and LesLuy,
J. M. 1930, Taxpstornm and Koos 1931).°

The chromosome distribution to the poles is generally quite regular
in this variety, but sometimes a few exceptional cases are observed.
In this latter case, generally 1 or 2, but exceedingly rarely 3 or 4,
lagging chromosomes which split longitudinally are found in the equa-
torial plane. In Figs. 137-140 some of these examples are illustrated.
In connection with the view that the tetraploids may be regarded as
plants which are balanced and stable (Morcax 1926), it is interesting
to note that in this variety, contrary to the cases of triploids and hetero-
ploids, there are found only as few lagging chromosomes as 1 or 2,
or rarely (in so low a frequency as less than 1 %) 3 or 4 of these,
and that no case where there are more than 5 of these is found at
all. Tig. 141 shows a pair of anaphasic chromosome groups in polar

1. According to SHMME (1930), in the tetraploid Primadda sinensis (2n=48), the elements
are not all tetravalent in most of the pollen mother cells, but as a rule only one or a few,
the others being bivalent.

2, According to JHRGENSEN, 24 bivalent chromosomes are generally found in this plant
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127

130

129

Figs. 125-147. N. Pseudonarcissus, “ King Alfred”. 125. Somatic nucleawr plate showing
28 chromosomes. X 2210, 126—147. Mciotic phases. IFigs. 126-140 and 144-147 X 1710}
126, Diakinesis. Showing some of the tetravalent chrcmosomes; 127-128. Heterotype
metaphase in side view, showing types of tetravalent chromosomes; 129. Heterotype
metaphase in polar view showing 7 tetravalent chromosomes; 130. The same showing 10
chromosomal elements, probably 41v+ 1011
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Figs. 131—132. “King Alfred”. 131. Heterotype metaphase showing 11 chromoscmal
elements, probably 3rv+8m; 132. The same showing 12 chromosomal elements, probably
21v+10m.

view. In each of these groups 14 chromosomes are counted, a fact
which tells that the division is regular.

Figs. 142-147 show the homotype metaphase, anaphase and pollen
tetrads. In Fig. 142, there are shown 14 chromosomes, which are
very distinct from one another in each sister cell. In Fig. 143, 15
chromosomes are counted in one of the sister cells, and 13 in the other.
l.agging chromosomes are also found in the homotype division, as is
shown in Tigs. 144 and 145. In IFig. 146, a pollen tetrad which must
have been produced through an irregular division is shown. A normal
pollen tetrad and healthy pollen grains are reproduced in Figs. 147
and 225. Abortive pollen grains amount to less than 10 %. The
seeds are set, though not in all individuals, by natural pollination in
the field. This natural seed production seems not to be the case with
the diploid, triploid, and heteroploid varieties of this species.

b) “ Olympia” '

External characteristics :-—Like ¢ King Alfred ”, but trumpet handsome yellow and
frilled. Flowers horizontal.

This variety is also a tetraploid having 28 chromosomes in its
somatic cells (Fig. 148). No essential difference is found between this
variety and the former one in the process of meiosis. Tfigs. 149-151
show heterotype metaphase figures with varying numbers of tetra-,
bi- and univalent chromosomes. The total number of chromosomal
clements is accordingly variable. The frequency of occurrence of these
numbers of chromosomal elements is given in Table X.
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Figs. 133—147. “King Alfred”. 133. Heterotype metaphase showing 13 chromosomal
elements; 134. The same showing Irv+712mr; 135. The same showing 14 chromosomal
elements; 136. The same showing 15 chromosomal elements; 137-140. Lagging chromo-
somes (shown solid black) in anaphase; 141. Heterotype anaphase showing 14 chromo-
somes in each pole. X2210: 142. Homotype metaphase in polar view showing 14
chromosomes in each sister cells. X2210: 143. The same showing 13 chromosomes in
the cell on the right hand side and 15 in the other. X2210; 144. Homotype metaphase
in side view. One monad chromosome is seen. 145. Homotype anaphase showing 2
lagging chromosomes at the equatorial region; 146. Pollen triad: 147. Pollen tetrad.
,

Figs. 148-158. M. Pseudonarcissus, “Olympia ™.

148. Somatic nuclear plate showing 28
chromosomes. X 2210. 149—158. Meiotic phases; 149. Heterotype metaphase in polar
view. 7 tetravalent chromosomes are seen. X1710; 150. The same showing I1 chromosomal
elements. X1710; 15I. The same showing 9 chromosomal elements. X1710; 152 and
153. Heterotype anaphase. Lagging chromosomes (shown solid black) divide longitudinally.
X 1710; 154. The same showing 28 chromosomes in all, of which 12 chromosomes are
found at the upper pole, 10 at the lower and 6 longitudinally split between the poles.
X2210: 155. Homotype metaphase showing 14 chromosomes. X2210; 156. The same
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showing 16 chromosomes in the cell on the right hand side and 12 in that on the left
% 2210; 157 and 158, Homotype anaphase showing lagging chromosomes between the
poles. X1710.

Table X

Number of chromosomal elements v 8 9 10 11 12 13 14

223
-
Yt
&)
©

Frequency I 12 9

Some univalent chromosomes split longitudinally in the anaphase
of the heterotype division as in the case of the variety “ King Alfred 7,
but the number of these univalents is greater than in that casec.
Generally 2 or 3 of them split longitudinally and lag behind the others
in the equatorial region (FFigs. 152 and 153), while in some cases there
may be as many as 6 (Ifig. 154). Iigs. 155 and 156 show metaphasc
figures in the homotype division. In Ifig. 155, 14 chromosomes are
counted in the cell, and in Fig. 156, 12 in one of the sister cells and
16 in the other. This inequality in the number of chromosomes in -
the two sister cells must be due to the abnormal chromosome distri-
bution which has taken place in the previous division. ' Lagging chromo-
somes are also observed in this division (IFigs. 157 and 158).

No case is met with in this variety where sceds are raised. This
probably depends on the irregular chromosome distribution in the
meiotic division which is largely connected with the intensity of the
affinity between homologous chromosomes.

D) Heteroploid

a) “Grandee”

The number of chromosomes in the root-tip cells is 2z 'in this
variety (Ifig. 159). This number is the. same as that found in the
variety “ As 7 of Nurcissus tazetta as mentioned already. Investigation
into the meiosis shows, however, that this similarity is only an apparent
and numerical coincidence. While in the variety “ Ag?’, the nuclear
plate in. the heterotype division consists of 11 bivalents, it consists in
this variety of 7 trivalents and 1 univalent as a rule (IFig. 160), show-
ing the hypertriploid condition (3n+ 1) in which 7 is the basis, or the
cardinal number. Not infrequently some of single or univalent chromo-
somes may appear which fail to form trivalent complexes. Some
lagging chromosomes which split longitudinally are also found in the
anaphase as in the case of the other varieties of this species mentioned
above. Ifigs. 161—163 show these lagging chromosomes, split or un-
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Tigs. 159-170. N. Psendonarcissus, * Grandee”. 159. Somatic nuclear plate, showing 22
chromosomes. X2210. 160—170. Meiotic phases; 160. Heterotype metaphase showing
7 trivalent (solid black) and 1 univalent chromosomes. X1710; 16I. Heterotype anaphase.
Longitudinal division is seen in 3 chromosomes shown solid black. X2210; 162, The
same showing 3 lagging chromosomes, of which 2 are split longitudinally. X2210; 163.
The same showing 9 chromosomes at the upper pole, 8 at the lower, 5 between the
poles, amounting to 22 in all. X22:10; 164. Homotype anaphase showing random
distribution of monad chromosomes. X1710; 165. Homotype metaphase showing 11
chromosomes in each sister cell. X1710; 166, Chromosome clumping in heterotype
anaphise. X 1710; 167. Restitutioa nucleus. X i710; 168, A large binucleate cell with
nuclei in prophase. X1710; 169. Irregular tetrad. X1710; 170. Giant monad cell,
including one large and two small nuclei. X1710.

Figs. 171-173. V. Psendonarcissus, *“ Empress”, 171, Somatic nuclear plate showing 22
chromosomes. X 2210; 172. Heterotype anaphase showing 6 lagging chromosomes, of which
5 are dividing longitudinally. X1710; 173. Homotype meta-anaphase showing about 22
chromosomes in each sister czll. X1710.

split, in the anaphase. In Figs. 162 and 163, we find one unsplit
chromosome and two pairs (Fig. 162) or four pairs (Fig. 163) of split
or divided chromosomes. Both the split and unsplit chromosomes are
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probably those univalent chromosomes which have failed to form the
trivalent complexes in the metaphase. It seems highly probable that
the unsplit chromosomes are destined to be divided in the homotype
division. In the cell on the right hand side in IFig. 164, in which a
pair of sister cells in the homotype anaphase is shown, one longitudinal-
Iy split chromosome (diad) is observable besides four monad chromo-
somes which are found in both the cells.. The fact that the monad
chromosomes are found in equal numbers in the two sister cells, while
the diad is found only in one of them, points to the conclusion that
the diad must be that chromosome which is unpaired and unsplit, and
undergoes a chance distribution to one of the poles in the heterotype
division, and the monad chromosomes must be those which are longi-
tudinally divided and uumerically equally distributed to both poles.
In some rare cases the number of chromosomes in the homotype
metaphase is equal in both sister cells (Fig. 165). This fact must
show that in this case all the chromosomes have been equally distributed
in the heterotype division. V

Grenerally speaking, the distribution of the chromosomes is more
irregular in this variety than in all the cases of other varieties described
above. The formation of restitution nuclei is of frequent occurrence
(Figs. 166 and 167). A binucleate pollen mother cell is also found
as another peculiarity (Fig. 168). This occurrence of binucleate pollen
mother  cells has been reported by Gares and Rigs (1921) in Lactuca,
by Raxporpu and McCrinrock (1926) . in Zea Mays, by KARPECHENKO
(1927) in Raplanus-Brassica hybrid, by Inarivama (1929) in Jris and
by Icauymma (1930) in Zragari. As suggested by these authors, this
binucleate condition seems to have its origin in the suppression of cell
wall formation in the premeiotic phase. Many irregularities are found
in pollen tetrads also (Fig. 16g). A case is shown in Fig. 170, where
the cell division into the tetrad has not taken place and the cell con-
tains a giant nucleus of irregular shape and some smaller nuclei.
About 63 % out of 284 pollen grains appear to be abortive.

b) “Empress”

In this variety, too, 22 chromosomes are found in the root-tip
cells as in the variety * Grandee” (Fig. 171). The constitution or
valency of the chromosomal elements in the heterotype metaphase has
not yet fully been worked out, but, so far as my investigation goes,
there are, besides trivalents, some univalents and bivalents, as in the
case of “Grandee”. TFig. 172 shows a figure of the heterotype
anaphase with 6 lagging chromosomes, of which 5 have been divided
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Figs. 174-176. . fncomparabilis. “ Nelson Major” 174. Somatic nuclear plate showing
14 chromosomes. X2210; 175 and 176, Heterotype meta- and anaphase. X 1710,

Fig. 177. “Awurantus’, showing 21 somatic chromosomes. X22710.

Fig. 178, * Gloria Mundi”, showing 21 somatic chromosomes. X2210; 179-188. Melotic
phases; 179. Diakinesis showing 7 trivalent chromosomes and 1 nucleolus. X 1710; 180,
Heterotype metaphase showing 7 trivalent chromosomes. X 17103 181 and 182, The same
showing 9 and 11 chromosomal elements respectively. X1710; 183-186. Heterotype
anaphase showing 1, 2, 3 and 5 lagging chromosomes lengitudinally divided respectively.
X2210; 187. Heterotype anaphase showing 9 chromosomes at the upper pole, 12 chramo-
somes at the lower., X1710; 188, The same showing 11 chromosomes at the upper polé,
8 chromosomes at the lower, 2 chromosomes between the poles, amounting to 21 in all,
X 1710,

and 1 remains single. In TFig. 173, about 22 chromosomes are counted
in each sister cell. This must be the result of abnormality in which
equation division takes the place of the reduction division.

3. Narcissus incomparabilis MiLL,

The diploid number of chromosomes in this species is 14 as in
the case of V. Pseudonarcissus. This number is found in both bicolored
and single colored yellow varieties. Ifigs. 174—-176 are drawings from
the yellow flowered variety “ Nelson Major ”, showing respectively a
somatic nuclear plate, heterotype metaphase, and anaphase in pollen
mother cells. In this variety the chromosome pairing is regular and
_a large percentage of pollen tetrads are normal in appearance. The
triploid number of chromosomes, 21, is found in some yellow-flowered
varieties, *‘Gloria Mundi” and “Sir Watkin” (Fig. 178), and “awranius”
(Fig. 177) in the latter of which the trumpet is orange at the top.
Some details of the meiotic phase observed in * Gloria Mundi” only
will be mentioned below.

“ Gloria Mundi” (Triploid)

The behavior of the chromosomes in the meiotic division is similar
to that observed in the other triploid varieties already described. Ifigs.
179 and 180 are pollen mother cells in diakinesis and heterotype
metaphase respectively, showing 7 trivalent chromosome elements each.
Failure to form trivalent complexes is also observed in some of the
elements, resulting in the total number of elements being different.
In Tig. 181, g chromosomal elements are counted, and in Fig. 182,
11. Some lagging chromosomes which have been longitudinally divided
are also found in the anaphase, as is shown in Iigs. 183~186. In
Fig. 187, a figure of the heterotype anaphase is reproduced in which
g chromosomes (drawn solid black) are counted in one group and 12
(outline only) in the other. In IFig. 188, 8 chromosomes are found
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at the lower pole and 11 at the upper and 2 lagging chromosomes
which have been longitudinally divided, on the equator.

4. Narcissus Bulbocodium 1..

In this species the somatic number of chromosomes has been
“reported to be 14 in some varieties (NAGAO 1929, IFERNANDES 1931 a,

b), and 21 and 42 in others (HEirz 1926, NaGao 1929). The results
so far obtained from the plant with 42 chromosomes in the root-tip
cells (Fig. 189) will be mentioned below, although the observations
are not yet complete owing to the lack of material.

In the diakinesis and the succeeding metaphase in pollen mother
cells, the chromosomes pair, in most cases, two by two to form 21
hivalents (IFig. 192) instead of 7 sexivalents, in contradiction to our
expectation from the somatic number of the chromosomes, 42 (=7 X 6).
Sometimes, however, there are cases where one or more than one
multivalent chromosomes are found in the diakinesis as well as the
metaphase. Figs., 190 and 191 show nuclei in the diakinesis stages;
2 tetravalents are found in the former figure and 1 sexivalent in the
latter. Ifig. 193 shows a polar view of the heterotype metaphase
where 1 tetravalent is found besides the other 19 bivalents. In the
anaphase, the distribution of chromosomes to the two poles is regular
in some cases, but irregular in others. In the latter case, which occurs
not infrequently, some elements, commonly bivalents, remain some-
where in the cytoplasm, while the other elements are disjoining regularly.
These aberrant elements disjoin later on, too, as will be seen from
Fig. 194 where three of these disjoined chromosomes are found ncar
cach group of chromosomes having reached the pole in advance. In
Fig. 195 are shown four of these aberrant chromosomes which are
disjoining in the region of the equatorial plane. So far as my obser-
vations go, these lagging chromosomes form no dwarf nuclei at all,
but take part in the formation of daughter nuclei with the chromosomes
of normal bchavior (¢/. Darringron and MoOrrETT 1930). TFurther
stages have not been observed, but the fact that a large percentage
of pollen grains of good appearance are found in the anther (Fig. 226)
seems to indicate that regularity prevails more in the homotype division
than in the heterotype division.
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194

TFigs. 189-195. N. Bulbocodium. 189. Somatic nuclear plate showing 42 chromosomes.
X2000. 190—I195. Meiotic phases. X17i0;

190. Diakinesis. Showing 2 tetravalents,
17 bivalents and I nucleolus;

i9i. The same showing 1 hexavalent chromosome ;
Heterotype metaphase showing 21 chromosomes; 193. The same showing 1 tetravalent and
19 bivalent chromosomes; 104. Heterotype anaphase showing 3 chromoscmes near the
pole lagging behind the others: 195. The same showing 4 bivalent chromosomes disjoining
in the region of the equatorial plane.

192.
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III. Cases of species hybrids

1. Narcissus intermedius 1.01s.

FExternal characteristics :—Slender: leaves green’and narrow, deep channeled, a charac-
teristic by which this form may 1)e'distinguished from V. fazetia, 4 in number: leaves and
scape 17-20cms. long: flowers 2—7, mostly 4 in number, ca. 3.5 cms. across; segments narrow,
bright yellow, crown darker than the segments; style more or less excceding the anthers.

This horticultural species has 17 chromosomes in the somatic cells
(Fig. 196). This number and other cytological features which will be
mentioned below, indicate that this plant must be a species hybrid in
its origin, probably being raised by hybridization between a diploid
variety of N. fazctla and some other Narcissus species with 7 chromo-
somes in the haploid phase. According to BaiLky, this species has
taxonomically been counsidered by some authors to be a hybrid between
N. tazelta and N. Jonguilla (Bavrey 1917), a view which is in accord
with the conclusion we can draw from the cytological point of view.

With the same fixation and manipulation as in the case of the
other species and varieties investigated, many pollen mother cells in
the first maturation division are frequently found shrunk and distorted
in this plant. This peculiarity seems largely due to fixation. Erranson
(1929) has noted a similar phenomenon in a hybrid rose, Rosa blanda,
var. glandidosa, and HAixansson (1929) in a .SalZx hybrid. According
to the latter author, the difficulty of fixing pollen mother cells in
diakinesis is greater‘in the hybrid form than in the pure stock. The
reason why there is such a difference between the results of fixation
in the pure and hybrid forms is obscure, but it seems certain, at least
in somg cases, that it is due to a special feature which is connected
with hybridity. It may probably with justice be assumed that the
reaction of the protoplasm to fixing reagents may not be the same
in hybrid and in pure plants, and conversely that the difference in the
results of fixation is a visible expression of this difference in the re-
action of the protoplasm. The question is interesting from the physio-
logical point of view, with which, however, we need not here deal
further. In some cases, the cells are fairly well fixed, and the chromo-
some behavior can be somewhat clearly traced. In the first maturation
division, 17 univalent chromosomes, that is, as many chromosomes as
those in the somatic cells, are found, forming the equatorial plate.
- Among them no trace of a tendency towards pairing is observed (Fig.
197). This must mean that there is not a pair of chromosomes which
are homologous with each other. This type of the heterotype division
is called by RosenpErG (1g917) “ halbheterotypie” or “ semiheterotypie”,
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Figs. 196-200. N. dntermedius. 196. Somatic nuclear plate showing 17 chromosomes.
X 2210. 197-205. Meiotic phases. X 1710; 197. Heterotype metaphase in polar view
showing 17 univalent chromosomes; 198, Heterotype chromosomes showing sign of
vacuolization; 199-202. Heterotype telophase sho\ving several small and large nuclei of
various sizes and shapes; 203. T'wo sister cells whose nuclei are of different sizes; 204.
Homotype telophase. In one of the sister cells the nucleus is very large and dumb-bell
shaped; 205. Pollen tetrad; 200, A microphotograph showing a large amount of empty
pollen grains.

which he first observed in Hicraciun: lacerum and H. levigatum (p.
186). To designate such a lack of affinity between the parental
chromosomes BrieGer (1928) has proposed the term “ asyndesis ”.

A number of instances of asyndesis have been reported in plants.
To enumerate some of them, we have: Zaraxacum albidum (Osawa
1913), Digitalis lutea x D. purpuree (Haase-BESSELL 1916), Crepis
sctosa x C. capillaris (Corrins and MaNN 1923), Acgilops ovata ¥
Triticum dicoccun: (PERCIVAL 1926, Sax 1928), Aegilops cylindrica x
Triticum turgidum (Gangs and AASE 1920), Crepis capillarss x C.
aspera (NAWASCHIN 1927), Raphanus sativus x Brassica oleracea (Kar-
PECHENKO 1024, 1927), Aecgilops cylindrica x Triticum durum (BLEIER
1928), Zritecum dicoccordes x Secale montanum, T. vulgare % .S. cercale
(I.ongLEY and Sanpo 1930), Fragaria (virgmniana x glanca) x F. collina
(Leaiyna 1930), Nicotiana sylvestris x N. Rusby: (IKOSTOFF 1930 a),
Triticum dicoccordes x Acgilops ovata (Kimara and KATAYAMA 1931)
and others.

In Narcissus intermedins, all the chromosomes are generally
arranged on the cquatorial plane, and sometimes a few are scattered
in the cytoplasm. The longitudinal splitting or division of the chromo-
somes in the anaphase is not observed. The migration of the chromo-
somes takes place very irregularly ; they may move towards the poles
too slowly, and some begin to be vacuolized in the metaphase (Fig.
198) and form dwarf nuclei without taking up the polar localization.
Iig. 199 shows these dwarf nuclei which have been divided into two
groups by the formation of the cell wall. Other irregularities are shown
in Figs. 200-202 in which a large nucleus of an irregular shape which
reminds us of amitosis, a restitution nucleus, or a nucleus of smaller
size accompanied by some supernumerary nuclei or vacuolated chromo-
somes is found. No such a figure is observed as that in which a
chance distribution of chromosomes at the polés into two.groups is
recognizable.

These abnormalities in the behavior of chromosomes should further
result in many types of irregularities in the second division, and conse-
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quently in the production of abnormal tetrads. Ifrom Ifig. 206 it scems
that this is probably the case, because in this figure it is seen that
hardly any healthy-looking pollen grains can be found in the anther,
though, as shown in Fig. 205, tetrads, the four cells of which are of
about equal size, are rarely observed. TFigs. 203 and 204 show some
irregularities in the homotype division. In Tig. 203, the nuclei in the
sister cells are unequal in size, and in IFig. 204, the nucleus in one of
the sister cells is large and dumb-bell shaped, while in the other there
are found two spherical nuclei.

2. Narcissus biflorus Curr.
(N. poeticus-tazetta hybrid)

This species, N. biflorus, is regarded by some authors as a hybrid
between V. fasetta and N. poctrcus (BaiLry 1917). The form raised
originally in Holland in 18835 by crossing V. pocticus var. ornatus with
N. tazetta, is called the poetaz narcissus, or Narcissus poctaz (BaLey
1924). Both N. biflorus and N. poctaz have 24 chromosomes in the
somatic cells (Figs. 207 and 208). In my previous paper it was re-
ported that in the form “ Elvira”? of V. poctfaz the somatic chromo-
some number is 25. A re-examination has shown, however, that this
number is incorrect, and the correct number is 24 in this form too.

The form of M. biflorus, in which the meiotic processes in pollen
mother cells were investigated, has the following characteristics : leaves
3—5, mostly 4 in number: leaves and scape 27—-35cms. long: flowers
1 or 2 in number; crown yellow, segments white; flowering season
from April to May.

In this form, observation is somewhat difficult owing to the scanti-
ness of pollen mother cells in the pollen sacs and the extraordinary
irregularity in the orientation of the chromosomal elements. In some
clear figures of diakinesis and metaphase which can be picked out
from those not suitable for observation, it can be determined with
certainty that the chromosome set in the metaphase consists of 7
bivalents and 10 univalents (FFigs. 2og—211). This constitution of the
sct must show that this plant is a hybrid produced by the union of
a g‘amefe carrying twice as many chromosomes as the cardinal number,
7, and a gamete carrying a haploid number of chromosomes in which
the cardinal number is 1o0. If this interpretation is correct, the cyto-
logical results we obtained are in harmony with the view that this
species is a hybrid between N. poecticus and N. fazctta.

The normal distribution figures of chromosomes in the heterotype
anaphase are not observed ; but all the figures indicate that the division
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Figs. 207-221. . biflorus. 207. Somatic nuclear plate showing 24 chromosomes. X2210;
208. “Elvira?” Showing 24 somatic chromosomes. X2210. 197-205. Meiotic phases.
Figs. 210-220 X1710; 209. Diakinesis. Showing 7 bivalents, 10 univalents and a
nucleolus. X22:i0; 210. Heterotype metaphase in polar view showing 7 bivalents (drawn
solid black) and 1o univalents (drawn in outline); 21r. The same in side view. Bivalent
chromosomes are drawn in outline and univalents solid black; 2iz. Heterotype telophase
showing a restitution nacleas; 213. The same showing five nuclei in various sizes; 2i4.
Homotype telophase showing two large elongated nuclei in the cell on the left hand side,
and a large and two snall ones in that on the right; 215-220. Trregular pollen * tetrads ™ ;
221. A microphotograph showing a large mass of periplasmodium.
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222, N. Barrii. Showing 14 somatic chromosomes. X2210.
223. V. odorus. Somatic nuclear plate showing 14 chromosomes. X 22i0.

% wi

process is generally of a very irregular nature in the pollen mother
cells. In Tig. 212, a cell containing a giant restitution nucleus of a
very irregular shape is shown, and in Fig. 213, another one in which
a number of nuclei of different sizes are distributed irregularly. Some-
times an enormously large mass of periplasmodium is observed (Iig.
221); this has never been found with such prominence in the other
species or varieties of Narcissus, so far as my observations are con-
cerned. In Fig. 214, an irregular homotype telophase is illustrated ;
in the cell on the right hand side, one large and two smaller nuclei
are shown and in that on the left, two large, clongated nuclei. As
a consequence of these irregularities, the resulting pollen tetrads are
very abnormal (Figs. 215-220); some are not tetrads, but triads (Fig.
215) or pentads (Fig. 219), and in an extreme case they may be single
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cells (Fig. 220). Binucleate pollen tetrad cells are also of very frequent
occwrrence (Fig. 216). Pollen grains which are set free from their
tetrad union are greatly shrivelled or are empty of their contents, and
are few in number.

3. Narcissus Barrii (or N. Leedsii) 11orr.

This is also a ‘horticultural species, regarded as a hybrid between
Narcissus poeticus and N. Pscudonarcissus. 1 have examined a variety
of this species and found that the somatic number of the chromosomes
is 14 (Fig. 222),

4. Narcissus odorus 1..

Frrnanpes (19312, b) has reported that the diploid number of
chromosomes in this species is 10. My observations, however, show
that the chromosome number in the root-tip cells is clearly 14 as shown
in Fig. z23. It is obscure at present to what reason this difference
in the chromosome number between the results of I'Ernanpis and my
own is due, and consequently we have no idea which number is the
correct one, but I wish to emphasize the fact that the result T obtained
is in accord with the view of some authors' that this horticultural
species is a hybrid between Narcissus Jonguilla and N. Pscudonarcissus
in both of which the cardinal number of chromosomes is 7.

Relation of the Chromosome Number to
the Size of the Cell

It has been assumed by many earlier workers that the nucleo-
plasmic ratio has an essential bearing on the normal or healthy co-
operation of the nucleus and cytoplasm. That in this relation the
nuclear volume may be expressed in terms of the chromosome number
has heen shown in many cases. Beautiful examples have been given
by Bovert {19o4) in his “ Ergebnisse”, and in connection with the
plant kingdom the following works may be cited : Gates (1909), GATES
and Goopwin (1930) in Oenothera, TiscuLER (1910) in Musa, WINKLER
(1916) in Solanun, Osawa (1920) in Morus, BREMER (1923) in sugar
cane, ToruGawa and Kuwapa (1924) in Canna, WETTSTEIN (1924,
1927) in the moss, CLausen and GoopsprED (1925) in Nicofiana, Kuiara
and Oxo (1926) in Reumex, MONTZING (1927-"28) in Galeopsis, Kacawa

I. BAILEY (1917, p. 211I).
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(1928) in Aegilops, DErMEN (1931) in Peturea, Scuvipr (1931) in
Phlyscomutramn and so forth. In Oenothera it is well known that in
association with the chromosome number doubling pollen grains become
4-lobed (Oenothera gieas (Gates 1915) and Oe. guganten (F1AKANSSON
1924)), while they are 3-lobed in the diploid Ocnotheras, a fact which
Gazes (1915) interprets as meaning that * the extra lobe probably
represents an adjustment to the increase in the size of nucleus which
contains 14 chromosomes instead of seven, permitting a proportional
increase in the cytoplasm.”

In Narcissus, measurements were attempted with pollen grains
and epidermis cells in the scale leaves of the bulb.

I. Pollen grain

The shape of the pollen grains in Narcsssus is, practically speak-
ing, ellipsoid or oveoid. The relative length and width were measured
with fresh ripe pollen grains stained with acetocarmine, by means of
an ocular micrometer under a magnification of about 1030 times. Tor
cach varicty and species 100 pollen grains were measured. The results
obtained are given in Tables XI-XXIII, in which the relative lengths
and widths are shown by the numbers of divisions in the micrometer
covering the lengths and widths of the pollen grains. In the tables
the following abbreviations are used :—

I.: Tength of pollen grains.

W: Width of the same.

T: Total number of pollen grains measured.
sn: Somatic number of chromosomes.

The mean length and width, standard deviation, and coefficient
of variability which were obtained for cach varicty and species from

_the data given in thesc tables, and the volume of pollen grains
obtained, by the formulae’:
T er
72

SL
Standard deviation, o= £ N/ 207
7

Mean, A/=

Coefficient of variability, CF- =—(177 X 100
7

v . > 1 5
Volume of pollen graius, P:—g—aérr

I. JOIANNSEN 1920.
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where,

C = Class value

J = Frequency

D = Mean—Class value (deviation)

72 = Total number of pollen grains measured

a == Length of pollen grain

b = Width of pollen grain,
are shown in Table XXIV, where the following abbreviations are
used :

M,, M, : Meanlength and width of pollen grains respectively.
o, o @ Standard deviation of the mean length and width
respectively.

CV,, CV, : Coefficient of variahility of the mean length and
width respectively.

Table XI
N, Jonguilla (sn=14: diploid)

W L 12 13 14 15 16 17 18 T
9 . 1 . - - . . I
10 . . . - . . . 0
Ir 1 . I 5 4 2 . 13
12 2 3 4 10 29 11 . 39
13 . . . 4 - 10 9 I 24
14 . . . . 2 . 1 3
T 3 4 5 19 45 22 2 100’

Table XII
“Victoria ® (sn=14: diploid)

W L 14 15 16 17 18 19 20 T
1l . . I I . . . 2
12 . 2 2 3 . . . 7
13 . 3 3 18 7 t . 32
14 I . 2 3 12 6 . 34
15 . . 1 3 3 6 3 16
16 . . . - S 2 4 7
17 . . . . . 1 I 2
L 1 5 9 38 23 16 8 100
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Table XIIT

“Emperor” (sn=21: triploid)

N 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 ‘36 T
15 I I I I I I e o o o o & o o o & s o o o = -6
16 I o 3 4 4 1 o o o o a2 & o o & s e s a4 a4 s 13
17 s o 1 5 3 5 4 2 I + e & a2 s s & s s & s a 21
18 o o 2 2 8 6 5 4 s e 4 s 8 s s s e e o s s 23
19 ¢ s e e 2 2 4.1 T I s 6 & 9 a2 . e s« e » 11
20 ¢ T e« o I I 2 & 2 3 e s & s s+ 3 s a4 e s 10
21 « e s e e e I 2 s L 3
22 s e ¢ 2 s 4 e 3 e I e s e s & s 2 s s+ e 4
23 « + ¢ s & s . e I &« ¢ o & » & e« s o @ ‘8 I
24 e e s s & s e e e e & e s. 6 e & s & e e o
25 s & s e e e e e o ® I & s o I e s ® « « @« 2
26 ¢ 4 s & s e+ e s s e e & s+ I e e 2 e o s 1
27 e+ & s 8 e s e e w8 o s I e+ e ‘= ® s o ® = I
28 « s e e 4 s s s e s I s+ & » s s & & & o 71 z
29 . « s » . . «. e e . . . . = . . . . « a . o)
30 ® 8 s 8 3 e & & 2 e+ e o 2 x e & e & w = [}
31 . ® & & s * s s a & s & e s ‘s o « o+ e e s [}
32 e s e & a4 s e s s s a7 e s s 2 s s s s 1 1
33 T S T T T e o
34 ® s+ s s s & & & s e+ s s s s+ & &« s & s+ 1 1
T 2 2 712191616 5 7 5 3 0 I I X 0 O O O O 3 100

Table XIV

“ Glovia Mundi » (sn=21: triploid)

W L 13 14 15 16 17 18 19 20 =21 22 23 24 25 26 27 T
10 o e e e I e e &« e & e & e 4 1
11X . . . . . . . . . . . . . . . o
iz 1 . . . 1 I I . . . . . . . . 4
13 . . . . . 4 1 3 . . . . . . . 8
14 . . . . i . 6 o . . . . . . . 16
I5 L T - 2 G - S S e 19
16 . . . . . . . IX 7 3 2 . . . 1 24
17 . e s e s« T 1 5 7 X1 s+ s s e 15
18 . . . . . . . . I 3 . . . . . 4
19 - . . . . . . 1 1 1 1 . - . - 4
20 . . . . . - . . - 1 1 - - . . 2
21 . . . . . . . . . . . . I 1 . 2
22 [ S T S 1
T 1 o o o 3 5 1¥x 3 18 17 § 1 1 1 1 100
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6 3 6 0o o
Table XVI
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Table XVIII
“Ly” (sn=20: diploid)

W L 14 1% 16 17 18 19 20 21 T
1z 1 2 2 . . . . 1 6
13 - 15 9 3 - . . . 27
14 . 3 15 22 . . . 1 41
15 . 1 6 iI 4 . . . 22
16 . . . . 3 . . . 3
17 . . . . . . . . [s]
18 . 1 . . . . - . I
T X 22 32 36 7 o o 2 100

Table XIX
“ By, ** (sn==21: hyperdiploid}
L
N 12 13 14 15 16 17 T
10 . . . S . . I
Il . 1 2 7 1 . 11
12 2 8 11 25 10 3 59
i3 . 3 7 10 9 . 29
T 2 12 20 43 20 3 100
Table XX
“ Ay, " (sn=22: hyperdiploid)

K 12 13 14 15 16 17 T
8 3 1 . . . . 4
9 . . . . . . o

10 . . . . . . o
11 2 2 . 3 . . 7
¥z I 8 3 24 16 1 53
13 . . 2 6 18 4 30
14 . . . . 2 3 5
IS ’ . . . . . 1 1
T 6 11 5 33 36 9 100
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triploid)

Table XXI

“Yellow Prince” (sn==30:
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Table XXIV

Plants in j-cardinal chromosome number class

Plant name sn M, My . gl
N. Jonguilla 14 15.7340.08 12.14£0.05 +1.207 40,06
Victoria 14 17.544-0.09 13.8440.08 +1.2824-0,06
Emperor 21 21.504:0.24 18.77+0.23 +3.58940.17
Gloria Mundi 21 20,52-40.12 15.62+0.14 +1.8364£0.09
Grandee 22 22.48+0.22 18.99::0.21 +3.21640.16
King Alfred 28 23.08£0.07 16.3240.05 =+1.10140.05
N. Bulbocodine 42 25.4140,08 18,57 40.08 +1.253+0.06

Plant name’ Gy CVy CVye Volume Vo};:;;g in
N. Jonguilla :to.749:to.63 7.67:£0.36 | 6.1710.30 | 386.35% 0.69
Victoria +1.1724:0.05 7.312-0.35 8.4940.90 559.93 7 1.
Emperor +3.405:£0.15 | 16,6240.79 | 18.14:£0.86 | 1267.72 % 2.26
Gloria Mundi +£2.06340.10 | 6.764£0.30 | 10.0540.48 | 83441 = 1.49
Grandee 43.163%0.15 | 14.3140.68 | 16.66-£0.77 | 135L.12m | = 2.41
King Alfred +0.83540.04 | 4.7720.23 | 5.1240.24 | 1024.52% 1.83
N. Bulbocodi'im +1.1234£0.05 | 4.934024 | 6.054.0.30 | 1460.39% 2.61

Plants in the 10-cardinal chromosome number class

Plant name sn M, My [
Ly 20 16.36 40,08 13.9440.07 +1.12740.05
B, 21 14.764-0.07 12.164-0.04 +1.059:4:0.53
Agy 22 15.094-0,09 12.20;{_—0.08 4-1.3144£0.06
Chinese Sacred Lily 30 17.4640.11 13.364-0.12 +-1.615-£0.07
Yellow Prince 30 10.934-0.12 16.174:0.11 £1.745 40,08
By, 31 17.924.0.10 14.474£0.10 +1.521 40,07

Plant name Ow ’ CV; CVy Volume \r()lrl:t?g in
Ly 41.00440.05 | 6.8040.33 7.2040.34 | 529.84w I.
B, 4+0.6474:0.31 | 7.17:40.34 5.32:40.26 | 363.737% 0,69
Ay, #1.1224:0,05 | 8.7140.42 9.20::0.44 | 374-33% o.71
Chinese Sacred Lily| #+1.868:+£0.09 | 9.25::0.44 | 13.98:£0.67 | 519.37« 0.08
Yellow Prince = | £1.63140.80 | 8.7640.42 | 10.0940.48 | 868.48x 1.64
By, 4+1.5324:0,07 | 8.48+£0.40 | 10.5040.50 | 625.347 1.84

The conclusions which may be drawn from these statistical results
are as follows:
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a) Cases where the cardinal number of chromosomes is 7.

1. The length of the pollen grains increases in correspondence
with the increase in the number of haploid chromosome sets or genomes ;
the mean length is shortest in the diploid, intermediate in the triploid,

224

226

Figs. 224-226. Microphotographs of
pollen grains in N. Psendonar-
cissus and N, Bulbocodiuim in the
same magnification ; 224. V. Pseu-
donarcissus, “ Victoria” (diploid) ;
225. The same, “Xing Alfred”
(tetraploid) ; 226. V. Bulbocodiun

_ (hexaploid)..

hypertriploid and tetraploid, being longer
in the order named, and longest in the
hexaploid. ,

2. The mean width also shows a
similar increment corresponding to that
of the number of chromosome sets, except
for the cases of a triploid, “ Emperor”
and a hypertriploid “ Grandee ”, where,
contrary to our expectation, it is broader
than that of any of the other investigated
varieties of the 7-cardinal number class,
it being 18.77 in “Emperor ” and 18.99
in “ Grandee .

3. The cell volume of the pollen
grains in the varieties ““ Emperor” and
“Grandee” is much larger than expected.
In this connection it is interesting to note
that in these varieties the chromosome
behavior in the course of meiotic division
is far more irregular than in the other
varieties with which the volumes have

‘been compared. In the other cases ex-

cepting these two varieties, there is a
recognizable relationship between the
volume of pollen cells and the number
of chromosome sets (¢/. Figs. 224-220).

- b) Cases where the cardinal number
of chromosomes is 10.

The conclusion just drawn in the
case of plants of the 7-cardinal number
class is applicable on the whole to this
case of plants of the 1o-cardinal number
class. But some remarks may be made
here. In the varieties “Ag” and “By”
the mean length is shorter than that in
the variety “T, " notwithstanding the
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fact that the chromosome number is greater in these varietics than
in the latter. With regard to the variety “ A", this may be interpreted
as due to the difference between the genomes in these two varieties,
as suggested by the morphological characteristics of the chromosomes,
while, with regard to ‘“ By, we find no other plausible explanation
than that it is due to inaccuracy in the method of measurement, since
the morphological features of the chromosomes suggest that the consti-
tution of the genome must be the same in the two varieties ** By 7 and
“Ta ", exceptthat the former variety carries an extra chromosome. A
similar relation is also found between a triploid variety “ Yellow Prince ”
and a hypertriploid form “ By ”, where the mean length is shorter
in the latter than in the former. It seems, however, worth while
pointing out here that the latter variety is heferogenomous, while the
former is autotriploid, as is seen from the chromosome bcehavior in
the heterotype division in these varieties.

II. Epidermis cells in the scale leaves of the bulb

No selection being made, parts of the epidermis were drawn care-
fully by means of an ABBE’s camera on paper under a magnification
of about 300 times. The length and width of the cells thus drawn
were measured. The results obtained are given in Tables XX V-
XXXV, and the mean lengths and mean widths.are given in Table
XXXVI. In these tables the following abbreviations are used:

I. : Relative length.

W Relative width.

M;, My: Mean relative length and width of the cell.
Miuw: Average of L xW.

Table XXV
N Songuilla (sn=14)

No L W LXW
I 52 9 468
2 35 9 315
3 58 9 522
4 40 6 240
5. 40 9 360
6 2 7 175
7 58 9 522
8 45 9 405
9 59 9 531
10 28 9 232
Average 44.0 8.5 370,0
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Table XXVI

“ Princeps Maxim 7 (sn=14)
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1

S

2
9

No L W LXW
I 3L [¢) 279
2 28 10 280
3 39 9 351
4 46 10 460
5 32 8 256
6 43 9 387
7 40 8. 320
8 33 9 297
9 30 10 300

10 30 10 300

Average 35.2 0.2 323.0
Table XXVII
“ Emperor " (sn=21)

No L w LXxW
I 53 12 636

2 34 I 374
3 Sg 10 540
4 4 9 432
5 56 10 560
6 40 10 400
7 55 135 605
8 68 10 680
9 50 12 600

10 40 12 480

11 40 i2 480

12 43 14 602

13 40 12 480

14 43 fo 430

15 74 10 740

Average 49.2 11.0 5359
Table XXVIII
“ Empress ” (sn=22)

No. L W LxW
I 49 10 490
2 75 11 825
3 59 10 590
4 55 10 550
5 43 10 430
6 58 10 580
7 2 9 468
8 48 10 480
9 57 11 627

10 42 10 420

Average 53.8 10.1 546.0
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Table XXIX

“ King Alfred” (sn=28) -

No, L W LxW
1 58 19 1102
2 85 19 1615
3 70 13 910
4 8o 14 1120
5 64 14 896
6 72 12 864
7 100 i5 1500
8 70 1§ 1050
9 63 16 1008

10 77 18 1386

11 70 8 1260

12 73 22 1606
13 70 13 910
14 101 14 1414
15 7 13 1014
Average 75.9 15.7 1177.0
Table XXX
N. Bulbocodinm (sn=42)

No. L W Lxw
1 100 12 1200
2 50 12 600

3 56 13 728
4 59 15 885
5 70 1 770

6 62 i3 806
7 71 10 710
8 6o 13 780
9 74 11 814
10 46 10 460
Average 64.8 12,0 775.3
Table XXXI
“ Franklin? (sn=20)

- No L w LXW
1 60 12 720
2 56 11 616
3 70 1 770
4 65 11 715
5 92 11 1012
6 72 11 792
7 70 9 630
8 50 12 600
9 50 10 500

10 56 1L 616

Average 64.1 10,9 697.1
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Table XXXIL

“ Chinese Sacred Lily” (sn=30)

15

J

No L w Lxw
I 89 15 1335
2 70 15 1050
3 76 15 1140
4 91 15 1365
5 100 18 1800
6 86 16 1376
7 50 15 750
8 57 18 1026
9 82 12 984

10 8o ' 13 1040

Average 78.1 15.2 1186.6
Table XXXIII
“ By " (sn=31)

No L w LXxwW
1 108 9 972
2 8o 9 720
3 135 9 121§
4 63 10 630
5 90 10 900
6 104 8 832
7 112 8 892
8 127 9 1143
9 85 8 680
10 102 8 816

Average 100.6 8.8 880.4
Table XXXIV
N, fntermedius (sn=24)

No L A\Y LXxwW

I 60 16 960
2 60 18 1080
3 61 28 1708
4. 30 30 900
5 635 14 910
6 65 6 1040
7 46 27 1702
8 59 23 1357
9 46 33 1518

10 75 ig 1125
Average 60.7 22,0 1230.0
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Table XXXV
N, biflorus (sn=24)

. No, L W Lxw
1 43 7 301
2 50 7 350
-3 56 6 336
4 40 7 280
5 58 7 406
6 b1 9 549
7 38 7 266
8 84 8 672
9 52 5 260
. 1o 70 6 420
Average 55.2 6.9 384.0

Table XXXVI

, M Remark
Plant naine sn My | My | Mixw inrlaﬁ‘(y) MTT‘:rinSragg
N. Jonguilla 14 44.0 8.5 379.0‘ 117
Princeps Maxim | 14 35.2) 9.2 323.0, 1.0
A Pred . Emperor 21 49.2| 11.0 | 535.9, 1.66 | Princeps Maxim
o L7SeUAONAICISSUS Empress 22 53.81 101 546.0 1.69 tasen as umt,
King Alfred 28 75.9| 15.7 1177.0’ 3.64
N. Bulbocodsum 42 64.8] 12.0 775'3i 2.40
Franklin, 20 64.1| 109 697.1) 1.0 Franklin taken
N. tazettas Chinese Sacred Lily 30 78.1| 15.2 {1186.6; 1.70 | as unit.
- Ba 31 | 1006| 88| 8804 1.26 :
. biflorus 24 55.2| 6.0 384.00 0.54 | guo poxt,
. intermedius 17 60.7{ 22.0 | 1230.0, 2.29

From Table XXXVI the following conclusion may be drawn (¢f.
Figs. 227-231).

a) Cases where the cardinal number of chromosomes is 7.

1. In this series of plants, the correlation between the length of
the cell and the number of chromosome sets is recognized, except in
the case of N. Bulbocodium (hexaploid), in which the mean relative
length of the cell lies between those of the tetraploid and triploid
varieties.

2. The mean relative width is narrowest in the diploid varieties
and broadest in the tetraploid variety, that of the hexaploid variety
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Figs. 227-231. Microphotographs of epidermal cells of the scale leaves of bulbs in the
same magnification; 227, N fazefta, “ Franklin® (diploid); 228, The same, * Chinese
Sacred Lily” (triploid); 229. M. Pseudonarcissus “ Princeps Maxim ” (diploid); 230.
The same, “ Empress  (hypertriploid) ; 231. The same, “ King Alfred ” (tetraploid).

Iying between those of the tetraploid and triploid as in the case of
the mean relative length.

b) Cases where the cardinal number of chromosomes is 10.

In this series too, the mean relative length of the cell increases,
as the chromosome number is greater. While the same is true of the
-width in the cases of diploid and triploid, it is exceedingly narrower
in the hypertriploid variety (“2n’’=31) than expected. Accordingly
the mean relative area occupied by the cell on paper is larger in the
triploid variety than in the hypertriploid, and is smallest in the diploid.

c) Cases of species hybrids. '

Narcessus biflorus.  In this species the nucleus contains three
genomes, of which two consist of 7 chromosomes each and the third
of 10 chromosomes. We have already data of the size of cells in
which the chromosome number is 2x 5 and of cells in which it is
2% 10. If the same nucleo-plasmic ratio as in these plants holds for
the hybrid forms too, we may obtain from these data the relative size
or area on paper of the cell in NV, diflorus by calculating with the
formula 1/2 (2S;+Sy), where S; and Sy represent the relative areas
of diploid cells in which the haploid numbers of chromosomes. are 7
and 1o respectively. The relative area thus obtained by calculation
is 61.55, the figures 323.0 found for S, in the variety “ Princeps
Maxim 7, and 6g97.1 found for S,y in the variety “ Franklin ” being
used. The actual number obtained by measuring in M. &iflorus is,
however, 384. This is about one half of the number 671.55 obtained
by culculation on the assumption that the same nucleo-plasmic ratio
as in those plants in which the cardinal numbers of chromosomes are
7 and 10 respectively holds for the hybrids between these two kinds

of plants.
N. wntermedius. The relative area of the cell in this hybrid obtain-

ed by using the formula 1/2(S;+S,) which is directly derived from
its genomic constitution is 538.1, the number obtained by measurement
for the relative size of the cell in V. Jongueilla, a known parent, and
that obtained in the case of ‘“‘ Franklin” being used for S; and Sy
respectively. This number is less than one half of the number 1230.0
actually obtained by measurement.

According to TISCHLER (1908, 1925) the degeneration in pollen
grains in Azrabdss hybrid becomes apparent only after the course of
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the reduction has normally proceeded, and he regards it as due to the
abnormal nucleo-plasmic ratio which he found in young pollen grains.
The nucleo-plasmic ratio may also be altered by external agencies, as
was found by GoopspeEeED (192g) in the palisade cells of the leaves
of a Nwcotiana variant, the alteration in this case being induced by
X-raying in the seedling stage. He says: “ Cell number, form and
arrangement is the same in treated and control but increase in cell
volumes in the former (X-rayed plants)' accounts for the abnormal

1. The words in brackets were inserted by me.
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236

Figs. 232-236. Cells in petal epidermis. 232-234. M. Psendonarcissus; 232. * Victoria ™
(diploid); 233. “ Grandee” (hypertriploid); 234. “ King Alfred” (tetraploid); 235~
236, V. fazetta; 235. “Franklin” (diploid); 236. “ Chinese Sacred Lily” (triploid).

leaf thickness. On the other hand, so far as could bé-\_determined,
there was no distinction in nuclear volume. The .nucleo-cytoplasmic
ratio has apparently been altered, perhaps as a result of some induced
inhibition of mitosis without decrease in the growth capacity of the
protoplast.” (p. 25.4).

From these facts it may be said that the change in the normal
nucleo-plasmic ratio may be caused by an internal factor as well as
an external. In the case of N. diflorus and N. intermedzus, it seems
that the abnormal nucleo-plasmic ratios arc caused by an internal
factor due to hybridity. The case of N. intermedins helongs to the
ordinary category in which the volume of cytoplasm surpasses that
in the case where the normal nucleo-plasmic ratio is found, but V.
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biflorus is a case where it is greatly reduced below the normal volume.
It is interesting to note, however, that this reduced volume is approxi-
mately the same as that of the cell carrying 2 x 7 chromosomes. If in
this hybrid a parent plant whose cardinal number of chromosomes is 7
was the mother plant, this fact must be very significant.

Parts of the petal epidermis are reproduced in Figs. 232-236
under the same magnification to give a clear impression at a glance
as to how the size of the cell and the chromosome number are corre-
lated in Narcissus.

Discussion
I. Cardinal number of chromosomes in the genus Narcissus

In this genus several different. numbers of chromosomes which
may be regarded as representing diploid, triploid, tetraploid, hexaploid
and some heteroploid numbers have been reported by Stomes, DE MoL
and some other authors (¢f. pp. 167-160). So far as the results of my
investigation are concerned, there are two different cardinal numbers
of chromosomes in this genus, namely 7 and 10 (¢/. p. 110). Species
or varieties in which the chromosome number is a multiple of 7 are:
Narcissus Pseudonarcissus, N. tncomparabilss, N. pocticus, N. Jon-
guilla, N. Bulbocoduwin, N. odorus, N. minor, N. reflexus and N.
Barri (or Leedsir). In N. Pscudonarcissus, N. poeticus and N. tn-
comparabilis some varieties are diploid (2n=14) and others triploid
(21). The tetraploid number (28) is found in N. Pseudonarcissus and
the hexaploid (42) in N. Bulbocodiim.

In V. faseffa, on the other hand, all the chromosome numbers
hitherto found in various varieties of this species are multiples of 1o,
or its heteroploid numbers, the somatic numbers of chromosomes being
20 (diploid) or 30 (triploid) in the former and 21, 22, 31 or 32 in the
latter. Observation of the meiotic division in pollen mother cells has
proved that the number 10 is the basis of these numbers. No chromo-
some number in which the basis is 7 has as yet been found in the
varieties belonging to MN. fazeffe and none in which it is 10 has been
found with certainty in the species or varieties other than those belong-
ing to V. faszetta. In the case of hyperploid plants such as the variety
“ Grandee ” (p. 126) in which the somatic number of the chromosomes
is 22, the somatic number alone can suggest nothing about the cardinal
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number, but investigation into the behavior of the chromosomes in
meiosis can reveal what it is. In the variety named it shows that it
is 7, and hence the plant is a hypertriploid. It has been reported by
pE MoL (1922) and Nacao (1929) that in two varieties not belonging
to V. fazefta, the somatic numbers of the chromosomes are zo and
30 respectively. Both these numbers are multiples of 10, but it may
be expected that they will be found to be 7-chromosomic hypotriploid
and hypertetraploid numbers respectively, although in these varieties
the behavior of the chromosomes in meiosis has not yet been observed.

Fernanpes (1931 a, b) has reported other chromosome numbers,
which I have not found in any of the species and varieties at my
disposal. According to him, in Naercessus tazetlia and N. odorus the
somatic number is 10, and in N. rupeucola, N. scaberilus, N. calcicola
and V. gaditanus it is 12, and in some others it is 14. TFrom the
~results of his observations he has concluded as follows :

“1. Les espéces (au sens de Linng) du genre Narcissus, peuvent
étre identifiées par le nombre et la forme de leurs chromosomes.

2. Les espéces portugaises de ce genre peuvent &tre distribuées
en 3 groupes, respectivement caractérisés par le nombre des chromo-
somes: 5, 6 et 7. .

3. Dans le genre Narcissus, on observe fréquemment des chromo-
somes du type Lk et kk, avec moins de fréquence les types & et /%
et rarement les types Z.Z, L/ et /I’ (FERNANDES 1931 a, P. 7).

Thus FerNanpes adds two new cardinal numbers 5 and 6 to those
given above. The number 5 as a cardinal number may put the
conclusion that the number 10 is the cardinal number in Narcissus
tazetta open to doubt. If, then, the latter conclusion is wrong and
the former number is correct, those varieties of V. fazefte in which
" the somatic number of chromosomes is 20 must be regarded as tetra-
ploids and those in which it is 30 must be looked upon hexaploid
varieties (¢/. FERNANDES 1931 b, p. 75). But it seems that this is not
the case, because, if the varicties which we take for diploids and
triploids are really tetraploids and hexaploids respectively, such chromo-
some behavior as we have described for these varieties in the fore-
going chapter is not to be expected. We have, moreover, other facts
which substantiate the view that the number 10 is at least a, even if
not the, cardinal number in N. fazetfs, namely: 1) while in the
varieties “ Franklin” and “T.” six gemini of the 10 are large, and
.- four small, in “ By ” and “ Ay ” five are larger and five small. If in
these cases the cardinal number is 3, these sets of chromosomes must
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consist of two similar sets each. This is assumable in the former
case, but not in the latter. 2) In N. dutermcdins, a chromosome
hybrid between 7 and 10, the two groups of chromosomes are shown
to represent independent genomes, no affinity is shown between chromo-
somes of the 7 and those of the 10. They are found to be all
univalent in the heterotype metaphase, and no two chromosomes are
a mating pair. In V. deflorus, a poeticus-taselta hybrid, the 10 fazetta
chromosomes also remain as univalents having no mates at all in the
heterotype division. These facts show that the ro univalent chromo-
somes from the parent fazeffe have no mating chromosomes not only
in the group of chromosomes from the other parent, but also among
chromosomes in their own group. To put it into other words, this
group of 1o chromosomes in fazefle is a haploid set which composes
a genome. The number 10 must, therefore, be a cardinal number of
this species.

According to TiscHrEr (1928), JareTzrY has observed that in
Polygonum awvicidare the haploid number of chromosomes is 10 “in
einer selten Varietit 7, while it is 20 ““ in weitaus den hidufigsten Rassen ”
(pp. 323-324). It would not be improbable to assume, then, though
speculative, that FErRNANDES might unconsciously have carried out his
observation with a special form (haploid in this case) just as happened
to Jarerzky in his observation of FPolygonum avicilare. A decided
answer is, of course, to be given only by a future investigation into
the behavior of the chromosomes in meiosis in that form, investigated
by Fernanpes. But I wish to point out here that according to the
result I obtained, the somatic number of chromosomes in V. odorus
which FFERNANDES investigated is 14 instead of 10,

The general conclusions which we can draw at present are, there-
fore, as follows :— ‘ :

1. In the present state of knowledge we must admit that in the
genus Narcissus there are three cardinal numbers 6, 7 and 1o.

2. It must be left for future researches to- decide whether the
number 5 represents one of the cardinal numbers in Narcissus as con-
sidered by FERNANDES. ,

Advantage may be taken of this opportunity to  give here the
unpublished results obtained by Mr. Stow' in his observation of a white
flowered variety of Narcissus fasetta, which he kindly conveyed me

1. Mr. Srow has given me the privilege of not only publishing the result of his obser-
vation, but also reproducing his drawings in the present paper. I wish to.take this opportunity
of expressing my sincere thanks to him for his great generosity to me. :
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in a letter. According to him, in this variety the somatic number of
chromosomes is 34 or 33, the former probably being the right number.!
In diakinesis in pollen mother cells there are found both bivalents and
univalents in the cell. In the heterotype metaphase, 16-20 of these
elements, mostly 20, are counted. In the stages from anaphase to

telophase, 4—10 {mostly 6) univalent elements each of which clearly
shows the longitudinal splitting, lag behind the other chromosomes
(Figs. 238-242).

1. This was confirmed by myself in material kindly sent to me by Mr. Stow (Fig. 237).
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Figs. 237~242. Mr. Stow’s drawings except 237. M fazefta. 237, Somatic nuclear plate
showing 3¢ chromosomes. 238-242. Meiotic phases; 238. Heterotype metaphase showing
17 chromosomal elements; 239, The same showing 18 chromosomal elements; 240.
The same in side view showing 141161 chromosomal elements; 241, The same in polar
view showing 21 chromosomal elements; 242, Heterotype anaphase showing 5 lagging
chromosomes which are split longitudinally in the equatorial region.

This information leads us to two different views in regard to the
origin of this variety. As one of the alternatives, we may assume
that this plant is a hybrid raised by the union of a tetraploid gamete
from a plant in which the cardinal number of chromosomes is 7 and
a haploid gamete from such a plant as that. found by Fernanprs in
which the cardinal number of chromosomes is 6. If the plant in question
is really a hybrid of such an origin, we should have in the heterotype
metaphase 20 chromosomal elements of which 14 are bivalent and 6
are univalent. ‘The fact that the number of chromosomal elements
which is most frequently found is 20 is in accord with this view.

As already mentioned ahove, however, in Narcissus tazelta neither
euploids ‘nor heteroploids in which the cardinal number is 7 are found.
It is impossible to assume, therefore, that a variety carrying no 1o-
chromosome set, or no fezeffe genome can present fazefle character-
istics, and we are led to the second alternative in which we assume
that the variety in question is a hybrid raised by the union of two
diploid gametes, the cardinal number of chromosomes of which is 10
in the one and 7 in the other. If this is actually the case and auto-
syndesis takes place in this hybrid, it may be expected that the number
of chromosomal elements in the heterotype metaphase will be 17 (1og
+71). In Fig. 238, an actual case where 17 chromosomal elements
are counted is shown. The occurrence of more than 17 chromosomal
elements -may be interpreted by assuming that an accidental failure to
pair may take place between homologous chromosomes, as is frequently
found in the other forms of Narcissus. Although in this interpretation,
we find no reasonable explanation as to the reason why in this plant
the number of chromosomal elements that occurs most frequently is
20, nevertheless, this latter interpretation seems to be by far better
than the first in which it must be assumed that Zezeffa characteristics
can come forth in the absence of the fazeffo genome.

The chromosome numbers hitherto investigated in the genus
Narcissus will be enumerated in the following list. In this list the
numbers which are reported for the first time in the present paper are
marked with an asterisk, and the numbers which occur with other
numbers of lesser occurrence, or those which are theoretically expected
are marked with two asterisks.
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i n \ #2n
Narcissus tazetta
IO FERNANDES (1931 4a, b)
“ Franklin ” 10 20 NaGao (1930)
L R o | =20 W
“By " 10 20 » (1929, 1930)
«B, " 1051+ I3 21 »5 (1930)
“A,," (Paper White?) 11 22 N (1929, 1930)
“Yellow Prince” 10m 30 ” (1930)
¢ Chinesc Sacred Lily” 714 30 W5 (1930)
“Soleil d'Or” 30 no{1939)
Wild growing form 30 .
wB,, 10111 31 L (1930)
“ Luna " 1o5r-+6** 32 W (1929, 1930)
a variety (albac type) o4 7t 34 Stow*
Narcissus Psendonarcissus
minor type 14 DE MoL (1922)
mrnor cyclaminens 14 " (1922)
nanis 14 " (1922)
$RINIIMNUS 14 " (1922)
maticus 14 ” (1922)
capax plenus 14 " (1922)
Teramonius plenus 14 " (1922)
7 14 " (1928)
© ¢ Victoria 14 Nacao (1929)
« Albicans ” 14 " (1929)
“ Princeps Maxim " : 14 " (1929)
Johnstont Queen of Spain 20 DE MoOL (1922)
Mazximus 21 " (1922)
* Golden Spur” 21 " (1922)
" 30 Nacao (1929)
“ Emperor 7111 21 WE
« Bicolor Victoria ™ 22 DE MoL (1922)
« Buttonhole ™ 22 » (1922)
¢ Empress ” 22 Nacao (1929)
“ Grandee ” 71+ 1T 22 e (1929, 1930)
“ King Alfred” 28 D Mot (1922)
» 71V 28 Nacao* (1929)
“ Van Waveren's Giant” 28 DE MoL (1922)

1. By “2n?” is here meant the somatic number of chromosomes, not the diploid number,
and in the latter sense the notation is used without the quotation marks. Tn all the follow-
ing instances the two different forms are used in these different senses,
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n “an”
¢ Qlympia ” 71V 28 NAGAO* (1929)
var. ‘bicolor 28 FERNANDES (1931 a, b)
Narcissus minor iq FERNANDES (1031 4a, b)
Narcissus tncomparabilis
14 Heirtz  (1926)
“ Nelson Major ™ 7 14 Nacao* (1929)
“ Sir Watkin” 21 ” (1929)
¢ Gloria Mundi” 7101 21 F (1929§
var., amrantus 21 wh
Narcissus Jonguilla 7 14 »F (1929)
var. jonguilloides 14 FrRNANDES (1031 a, b)
Narcissus poeticus
var. poetarum 140r 16| StoMps (1919)
" 71 21 Nacao  (1929)
var, 0raatus 14 0r 16| StoMrs (I919)
« Glory of Lisse™ 14or16) ,  (1919)
var. Glorie van Lisse 4 DE MoL (1928)
“ Albion"” 14 0r 16| StoMps (1919)
Vi 14 pE Mot (1928)
Narcissus Bulbocodium
42 Hrirz  (1926)
14 NAGao (1929)
¢ Conspicuous » 21 " (1929)
21 42 2 (1929)
var. genuninus 14 FrRNANDES (19312, b)
var. nzvalis 14 ” (1931 a, b)
Narcissus Barvit (or Leedsit)
a variety 14 Nacao*
Narcissus biflorus (V. poeticus-tasetta)
(V. poeticus gigas X N. tazetta) 24 Sromes  (1919)
a variety 7114 101 24 NAGAO*
“ Elvira? » 24 .
Narcissus multiflorus “Ideal » 32 Herrz  (1926)
Narcissus odorus 10 FERNANDES (1931 a, b)
” 14 NaGao*
Narcissus triandrus 14 FERNANDFES (19314, b)
Narcissus reflexus 14 " (19314, b)
Narcissus rupicola 12 » (1931 a, b)
Narcissus cafcz'co!a 12 2 (1931 a, b)A
Narcissus gaditanus vav. minutiflorus 12 » (19312, b)
Narcissus scaberulus 12 » (19312, b)
N. Psendonarcissus X N, poeticus 28 pDE MoL (;926)
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n “z2n”
N. Pseudonarcissus X N. poeticus 14 pE MoL (1927)
N, poeticus X N. Pseudonarcissus
¢ Lucifer ” 14 | o Mot (1925)
 Lucifer ” (bud variation) ca. 28 " (1925)
“ Fuselier ” 14 " (1925)
“ Fuselier ” (bud variation) ca. 28 " (1925)

Il. Genomes in the genus Narcissus

In polyploidy it is necessary to make a distinction between two
cases, one where the plant is homogenomous, or carries homologous
genomes and the other where it is heterogenomous, or carries bastard
genomes. Kimara and Oxo (1926) have proposed the term * auto-
polyploidy ” for the former case and “ allopolyploidy ” for the latter.
They say: “unter Autopolyploidie versteht man die Verdoppelung
desselben Chromosomensatzes; unter Allopolyploidie die durch das
Zusammenkommen verschiedener Chromosomensitze auf dem Wege
der Bastardierung erfolgte Chromosomenvermehrung.” (p. 480).

Whether a plant in question is homogenomous or heterogenomous
can be determined from the karyological and genetical point of view
by the following methods :

1. The comparative morphological study of individual chromo-
somes. It is generally accepted that in plants within a certain restricted
circle of affinity the number of chromosomes as well as their size and
form can serve as a criterion for the determination of the homology
between the genomes in one plant and another. The analysis of the
phylogenetical relation between plants by this method of investigation
has been attempted by HEILBORN (1924) in Carex, by Kacawa (1929)
in some cereals, by Goron and Stow (1929~'30) in Z¥7lliremn and Parrs,
and by others in some other plants.

2. The examination of the intensity of the affinity between
chromosomes, or the behavior of the chromosomes in meijosis. In
hybrids the following three main types of chromosome behavior are
known :—

a) TFormation of bivalent chromosomes by pairing taking place
between chromosomes from different parents—allosyndesis. This type
is usually found in fertile hybrids raised between plants which have
the same number of chromosomes, as, for example, in the cases of
Fragaria amertcana alba X F. vesca var. rosea (IcaijiMa 1930), Secale
cereale X .S. montanun: (LoNGLEY and SANDO 1930) and others.
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b) Formation of bivalent chromosomes by pairing taking place
between chromosomes from the same parent—autosyndesis. In this
case we expect theoretically that both or one of the parents must
primarily be tetraploid at least, so that the reduced number of cliromo-
somes in such a parent is diploid, and therefore that the number of
chromosomes contributed by gametes from this parent must be an
even number, If, therefore, autosyndesis takes place between every
‘two chromosomes from each of the parents, the number of chromo-
some pairs must be one half of the sum of the parental chromosomes,
an example of which we find in the case of the tetraploid hybrid of
Solazzm rzgrum x.S. lutewn (JoRGENSEN 1928), for iustance.

¢) Non-formation of bivalent chromosomes, or complete lack of
affinity between chromosomes—asyndesis. In this type there are as
ﬁlany unpaired, or univalent chromosomes as there are somatic chromo-
somes, or the sum of the reduced numbers of both parent chromo-
somes. Examples have been listed on p. 138. The chromosome be-
havior in Narcissus intermedrus belongs to this type.

These types are also found combined with one another or with
the normal type of syndesis in some way or other. d) The formation
of polyvalent chromosomes such as is found in the case of triploid
and tetraploid forms of Datura, Narcissus and others' is autosyndesis
combined with the normal type of syndesis, and e) the case known
as the Drosera scheme where both bivalents and univalents co-exist
is a combination of allosyndesis and asyndesis as in Nicofzana hybrid
investigated by BRIEGER (1928), or a combination of autosyndesis and
asyndesis. The latter case is, to use RENNER’s term, ¢ ungesittigte
Autosyndese ”, which he describes as : “ die Glieder des grosseren Satzes
gepaart, die des kleineren univalent” (RENNER 1929, p. 108). A
beautiful example for this case is found in the hybrid between Crepis
setosa (n=4) and Crepss brennis (n=20). According to CorriNs and
Maxy (1923) this hybrid shows 24 chromosomes in the somatic division,
and 10 bivalent and 4 univalent chromosomes in meiosis. This fact
shows, as is pointed out by the authors, that autosyndesis has taken
place between chromosomes from buerszss. DARLINGTON'S case of a

I, For autotriploid cases, we may mention: Canna (BELLING 1921, 192§ b), Hyacinthus
(BELLING 1925 ¢), tomato (M. M. LESLEY 1926}, Oenothera FIAKANSSON 10926-'27), Prunus
(Oxapr 1927, DARLINGTON- 1928), Rumex (ONO 1928), Zea (RanpOLPH and McCLINTOCK
1926), Lilzwm tigrinum (TAKENAKA and NAGAMATSU 1030), and others, and for autotetraploid:
Datura (BELLING and BLAKESLEE 1924), tomato (Lustevy, M, M. and Lrstey, J. M. 1930),
and others,
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cross between the hexaploid Prusius domestica (n= 24) and the diploid
P. cerasifera (n=8) may be taken as an example of another combined
type. He has found 16 bivalent chromosomes in this hybrid (DArRLING-
Ton 1927'), and it seems highly probable that in this case both auto-
syndesis and allosyndesis must have taken place in combination. To
use RENNER's term, this is a case of ‘ gesittigte AHo-Auf.osyndese”,'
and this combined type is also known in Dieitales lutca % D. nicrantha
(HAASE-BESSELL 1921), Papaver nudicanle X P. radicatune and P, 1udi-
carle X P. straatocarpume (1.JuxepanL 1g921) and some others.

The difference in the bchavior of chromosomes is generally re-
garded as due to the intensity of the affinity between chromosomes.
I the intensity is normal between parental chromosomes, they will
behave as in case @, 0 or o, but if it is below that, the behavior will
commonly be such as in ¢. In the former the pairing, or complex-
forming chromosomes are homologous, and in the latter no chromo-
somes are homologous with others. In case ¢, none of the unpaired,
univalent chromosomes is homologous with any of those chromosomes
that form bivalents.

In Narcissus, the results of my investigation are not complete
enough to enable me fully to discuss this problem of the genomes,
but some considerations on the problem may be entered into so far
as these results are concerned. As already mentioned, we have in
Narcissus three different cardinal numbers 6, 7 and 10. It is of course
a matter of difficulty to make clear how these numbers arose, but it
is certain from the results of my observation that they are quite inde-
pendent from one another, no affinity being shown between them.
In . entermedrns which is taken by some authors for a hybrid between
N. tazetta and N. Jonguilla, the pollen mother-cells show 17 univalent
chromosomes of extraordinarily irregular behavior in the meiosis. This
number of univalents is the same as the number of chromosomes in
the somatic cells, and it seems not unreasonable to assume that 10
chromosomes of the 17 are those contributed from N. fazelfa and 7
those from N. Jonguilin. The fact that there is no pairing at all
between these two chromosome groups, 10 and 7, makes it reasonable
to regard them as representing different genomes. If we call the
genome consisting of the 10 chromosomes A, and that of the 7 chromo-
somes B, Narcissus wntermedius will be represented by the formula
A+B. Inthe same way V. biflorus, the pocticus-tazetia hybrid, may
be represented by the formula A +BB, since it is beyond doubt that

1. Cited from DARLINGTON 1928.
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in this plant 7 bivalents and 1o univalents are formed in meiosis out
of 24 chromosomes.

In the diploid form of . fazeffa in which the cardinal number
is 10, there are two types of chromosome groups. In the one it
consists of 6 large and 4 small chromosomes, and in the other, of ;5
large and 5 small. The first type of chromosome group or genome
is that which has just been called A and the second type is now
called A’. In the diploid varieties “ Franklin” and ‘‘ Ig 7 the genome
‘is AA and in “By” it is A’A’. In “By” the chromosome consti-
tution in the heterotype metaphasic plate is 1op+ 15, and hence the
genome formula may be written AA+1. In the variety “ A, ” the
formula is A’A/, since the chromosome constitution is essentially the
same as that of ‘“ By”, though in this variety the total number of
chromosomes has numerically. been increased by the cross segmentation
of a large chromosome to 11 in the haploid set, and consequently the
number of the large chromosomes has been reduced from 5 to 4.

In the triploid variety “ Yellow Prince”, the chromosome consti-
tution is of the A form, and this variety is an autotriploid, and there-
fore the formula will be AAA. Another triploid form, “ Chinese
Sacred Lily 7, is also an autotriploid, but it has not been determined
whether its chromosome constitution belongs to A or A’ (see p. 89),
and consequently it is left undetermined whether the formula is AAA
or ATA’A’.

The chromosome behavior in the variety of MN. fazeffe, ‘“ Luna”,
suggests that in this variety the genome formula must be AA (or
A’A’?)+CC, where the latter genome, C, represents the set of 6
chromosomes which FErNaANDES (1931 a, b) has found to be one of the
cardinal numbers in Narcissus.

Though it is as yet premature to draw a conclusion as to the
genetical relationship between the genomes A and A/, the behavior
of the chromosomes in ““ By ” seems to show that there exists only
a weak affinity, if any, between these genomes, because in this variety
the heterotype metaphasic plate consists of 10 bivalents of type A,
and 11 univalents of type A/, The genome formula will, therefore,
be AA -+ A’ in this variety.

In the species or varieties in which the cardinal number of chromo-
somes is 7, the genomes may all be called B, because all the poly-
ploid forms have so far been found to be autopolyploid. Thus the
triploid and tetraploid forms can be represented by the formulae BBB
and BBBB respectively.
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The genome formulae of the species and varieties in Narcissus
which I investigated are shown in the following list :

Plant name Genomes

Narcissus tasetta

“ Franklin” AA

“Lg” AA

“Yellow Prince ” AAA

“ By ” ATA

“ “\.22 ” AIAI

“ By ™ AA41

* Chinese Sacred Lily” AAA (or A’A’A'?)

“ Bn] ” :\A+.A.'

“Luna” AA (or A’A’?)+CC
Narcissus Pseudonarcissus

diploid BB

triploid BBB

hypertriploid BBB+1

tetraploid BBBB
Narcissus tncomparabilis

diploid BB

triploid BBB
Narcissus fongquilla BB
Narcissus Bulbocodium (BBBBBB?)
WNarcissus tntermediis A+B
Narcissus biflorus A+4+BB
Nareissus Barrii BB
Narcissus odorus BB

III. Origin of polyploidy

The number of chromosomes in allied species in the plant and
animal kingdom may be classified into two categories, polyploid and
non-polyploid or heteroploid.* TUseful lists of chromosome numbers in
plants have been given by Isnikawa (1916), TiscHLER (1921~"22, 1927)
and GaisEr (1926, 1930), and of those in animals by Harvey (1920),
Bresscav-Harnisa (1927) and others. In the study of chromosome
numbers belonging to the first category the pioneer was Tauara (1921)
who found in Chryseanthensum plants a series of haploid numbers of
chromosomes : g, 18, 27, 36 and 43, or numbers which are multiples
of ¢, the cardinal number. Other beautiful examples have been found
in the genus Rose where the series consists of the numbers: 14 (2n),
21, 28, 35, 42 and 56 (octoploid) (TaAckaHoLM 1922, BLACKBURN and

1. A high degree of polyploidy appears to be more commonly found in plants than in
animals as pointed out by GaTES (1924) and MULLER (1925).
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HARRISON 1924, HURST 1925, ERLANSON 1929), and in Senccio (ArzeLius
1929) where it consists of 5, 10, 20, 25, 30 and go. Recently Kinara
and Ono (1926) have added another beautiful example found in Runmzex,
the series of numbers consisting of 10 (n), 20, 30, 40, 50, 60 and 100.
In the genus Narcissus too, this polyploid relation is found to exist,
as already mentioned above.

‘While various problems in polyploidy have hitherto been discussed
by many authors, the fundamental one is, by what cause and through
what process it is brought about. Saxamura (1920) has pointed out
the following probable modes by which the doubling of chromosome
numbers may be realized. To quote it in his original words:

“I. Vor der Befruchtung.

a) Durch die friher erwihnten Teilungsabnormititen in den
Urmutterzellen oder in den (ronotokonten entstechen die
diploiden Gameten.

b) Durch die ungewohnlichen Zustinde in der Interkinese
spalten sich die Chromosomen wiederholt langsweise, und
dies gibt so Anlass zur Kntstehung von diploiden Gameten.

II. Dispermatische Befruchtung.

III. Nach der Befruchtung. Durch die frither erwidhnten Teilungs-
abnormititen in befruchteten Eiern entstehen die tetraploiden Proembryo-
nen.”

Briecer (1g28) has given the processes, putting them in the follow-
ing words:

“Fall . Vermehrung durch ungleichmissige Verteilung der
Chromosomen.

Fall II. Vermehrung der Chromosomenzahl durch Verschmelzung
der beiden Spindeln der zweiten Reifeteilung.

Fall III.  Vermehrung der Chromosomenzahl durch eine vorzeitige
zweite . Reifeteilung, die eine Aequationsteilung ist.

Fall IV. Ausbleiben der Reduktion.

Fall V. Verschmelzung zweier Metaphasen der ersten Reife-
teilung.”

Recently Darrineron (1930) has described the processes in the
following terms :

“I. The nullification of the first or second division.

II. The double division of the chromosomes.

III. Syndiploidy or the formation of binuclear germ-mother cells.

IV. The complete suppression of the first division.”

While Sarkamura considers all possible cases, BRIEGER and
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DarringroN deal only with those cases “ before fertilization” which
have been brought to light by the recent, rapidly increasing progress
in this branch of cytology. Since this problem is directly connected
with the interpretation of the origin of some hybrid forms of Narcissus
such as, for instance, M. biflorus, and N. fasetta ““Tuna”, the problem
will be discussed in the following paragraphs in the light of the results
of recent investigations on a larger scale than it was by Brigcer and
DARLINGTON.

I. An essential phenomenon for the arisal of polyploid individuals
is that it is preceded by the arisal of gametes which carry a correspond-
ing number of the haploid sets of chromosomes. It has been shown
by many investigators that in haploids and triploids as well as in many
hybrids an irregular distribution of chromosomes commonly takes place
in the reduction division. This kind of irregularity is also of common
occurrence in Narcissus, especially in its triploid and heteroploid
forms. This irregularity appears to give rise to the formation of gametes
which carry aberrant numbers of chromosomes, and it appears that it
plays a great rble in the arisal of individuals with different numbers of
choromosomes. But we have facts that go to prove that most of the
tetrad cells produced through such an irregular meiotic process can
not function owing to illegitimate combinations of chromosomes. In
the haploid mutant of Daturae, BELLING (1926) has found that in meiosis
the distribution of the 12 chromosomes to the poles takes place by
chance, resulting in pairs of chromosome groups: 11:1, 10:2...6:0,
and according to BrakesLie and CarTLEDGE (1926, 1927) 80 % of the
pollen grains are empty in this haploid. In a haploid mutant of
Ocnothera franciscana Davis and Kurkarn (1930) have found that
such pollen grains amount to 6o-go %, and according to Garss and
Goopwin (1930), in another Oerot/iera haploid produced from Oe. rubri-
calyx by pollination with Oe. eriensts, a large amount of the pollen
grains are shrivelled and no attempt at germination is successful with
seeds, which are sometimes produced though very few in number, by
open pollination in this hybrid. Examples are also found in triploid
and heteroploid varieties of Narcissaes.  In these plants, 45-70 % of
the pollen grains are empty, and in the extreme case which is ex-
emplified by N. mtermedius almost all of them are empty.

Even in these cases, however, progeny may rarely be produced.
In the haploid Deafurae, it may be obtained by self-pollination, but it is
diploid in all cases (Berring 1926).  This shows that only gametes
which carry the complete haploid set of chromosomes are viable, while
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others are not. In his study of Raplanis-Brasstce hybrid, KARPECHEN-
k0 (1927) emphasizes the fact that “ only the gametes possessing the
entire haploid sets of both parents or even twice their number appear
among our hybrids to be able to produce offspring.” (p. 355). He
has also mentioned that in the progeny of the I, of this hybrid no
hypotri- nor hypotetraploid individuals are found, while individuals
which are tetraploid, hypertriploid, hypertetraploid or hypohexaploid.
are produced. According to him, the Fi-pollen tetrad cells which have
fewer than 18 chromosomes are all non-functioning, and even if some
of these cells are vital, they “are not able to compete in fertilization
with the diploid and tetraploid sexual cells” (KARPECHENKO 1928, p.
13). In triploids too, it has been shown by Ono (1928), LESLEY
(1926) and others that gametes with the complete set or sets of
chromosomes are produced, although they are of very rare occurrence.
These examples show that functioning gametes or those with the
complete haploid set or sets of chomosomes may be produced even in
the cases where random assortment or unequal distribution of chromo-
somes is of customary occurrence, but there is only a small chance
of this.

II. Retardation or suppression of the reduction division may be
mentioned as a noteworthy phenomenon which is one of the causes
of the formation of diploid gametes. This phenomenon has been ob-
served in several plants and in Narcissus, too. Rosensere (1917, 1926—
’27) has pointed out the following two types of the peculiarity which
he found in the parthenogenetic Fwhieraciunz species.

a. At the heterotype metaphase or anapase the process of divi-
sion does not proceed further, but is arrested by the premature
homotype division, whereby the restitution nucleus—as it is called by
him—is formed.

b. In the second type, the prophase nucleus in the heterotype
division contracts markedly together with the cytoplasm surrounding
it, this being followed by a stage in which the nucleus shows the
characteristic feature in the interkinesis that every chromosome is split
longitudinally.

In hoth types the final results is the same, this being the forma-
tion of the pollen dyad. RosenBERG regards this peculiarity as an
important process in the doubling of the chromosome number in organ-
isms. He says: “Die diploiden Pollenzellen wurden genau nach
demselben Schema wie in dem eben genannten Heracium-Beispiel
gebildet. Die gestorte heterotypische Teilung hat die Bildung von
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Restitutionskernen ausgelost.  Es werden Dyadenzellen gebildet mit der
diploiden Chromosomenzahl. Findet derselbe Vorgang bei der Embryo-
sackbildung statt, so ist dadurch ecinec befriedigende Erklirung der
Bildung von tetraploiden Ip-PPflanzen gegeben.  Die Triploiden sind
natiirlich durch Vereinigung von haploiden und diploiden Gameten
entstanden.” (RosENBERG 1928, P. 338). And he mentions the result
of Caraxo’s investigation in Lrigeron as an example for the casc of
the formation of restitution nuclei in embryosac mother cells, and thus
of diploid cgg cells.  According to Kuwapa (1928) the formation
of restitution nuclei also takes place in embryosac mother cells in
Balanophora japonica, known as a plant of somatic apogamy.

IIT. Beruinc has added another type of diploid pollen formation
observed in Datura, which, according to him, occurs frequently in the
haploid, * much more frequently than in the diploid or even in the
triploid.”  “Two groups of 12 unsplit chromosomes cach are formed
at the anaphase.  There is no further division, and only two pollen
grains result. In non-reduction in haploids (as in diploids, triploids,
and tetraploids) the chromosomes at the first metaphase hecome
4-lobed and show the split while still in the equatorial plate.” The
first maturation division is entirely omitted in this haploid—the ““ non-
reduction -——and therefore, the formation of dyads occurs instead of
tetrads. A similar behavior has also been observed in Raplanis-
Lrassica hybrid by KarvecHENKO (1927, 1928). In this hybrid plant,
in the first division the 18 (9 Raphanus +¢ Brassica) univalent
chromosomes do not move towards the pole in the usual manner, but
cach is divided longitudinally, so that the number of chromosomes
counted at the anaphase is 36 in all. The result is the formation of
a dyad, which develops directly into pollen grains without undergoing
a further division.

IV. In hybrid plants it is often observed that the division of
unpaired, univalent chromosomes, all or some, is equational in cither
one of the two divisions, heterotype or homotype, and in the other
division, i. . homotype or heterotype, the distribution is mercly random.
In the Narcissus, the equational or longitudinal division takes place in
the heterotype division, and the rzmdon{ distribution in the homotype
division. While these are of common occurrence, it is known in some
few cases that the division is cquational in both heterotype and homo-
type divisions (Fola leyperchromativa, CLAUSEN 1920627 ; Rhioco dis-
color, Sax 1931). DBrircer and DARLINGTON regard this type of division
as one of the probable processes of pelyploid formation. This type
of chromosome doubling has not actually been observed in Narcissus
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in any of its processes. But in a heteroploid variety of V. Pseudonar-
cissues, the “ Empress 7, a pair of sister cells in the homotype metaphase
was observed in each of which the number of chromosomes was nearly-
the same as that of the somatic chromosomes, This seems to show
that in this case the double cquational division had probably taken
place as in those cases which BriEGer and Darrineron call “ Fall IV
and “case II7 respectively. '

V. The fusion of the homotype spindles is also an important
phenomenon in regard to the doubling of the chromosome numbers
in gametes. This case has been observed by several authors in several
plants, such as Ljuncpanr (1922) in Papaver, GoopspEED (1923) and
Briecer (1928) in Nwcotiana, Arzerws (1924) in .Senccro, Marsupa
(1927) in Petunie, Karrrcuenso (1927) in Raplanus % Brassica,
Fukupa (1g927) in the potato, HAxansson (1g2ga) in .Sa/lix, MUnrzING
(1930) in Galeopsss. This mode of chromosome doubling is not found
in Naresssus, since in this plant the cell wall formation takes place
successively after each division in meiosis.

VI. In the variety “ Grandee” of Nuarcissus Pscudonarcissus
there are sometimes found pollen mother cells containing two nuclei
instead of one, a fact which may be regarded as another process of
chromosome doubling in gametes. This fact has been observed by
Gares and Rues (1g21) in LZacluca, by Kareecusxgo (1927) in
Raplhanus » Brassica, by Isarivama (1929) in 77, by Raxporen and
McCrixrock (1926) in Rea and by ITcuipima (1930) in Zragara.  As
pointed out by Karercuesko (1927), a premeiotic nuclear division must
have taken place without being accompanied by cell division, resulting
in the formation of binucleate pollen mother cells. If these nuclei
fuse together during the process of meiotic division, giant diploid
pollen grains will be produced. /

VII. Several plants are known to have cells carrying the di-diploid
number of chromosomes in somatic tissues. Examples are found in
Spinacie and Cannabls (pr TITARDIERE 1923, 1925), Acaca (Guivey
1929), the tomato (M. M. LesLey 1923, Linpstorm and JKoos 1931),
Viole (CrauseEx 1930) and some others. Experimentally JorRGENsEN
(1928), and Tixpsrorm and Koos (1931) have obtained diploid and
tetraploid plants from the haploid and diploid ones respectively by
the method of decapitation of young sprouts. JORGENSEN says: ‘‘the
majority of polyploid forms, ...... , in my opinion owe their origin
to the doubling process (““endo-duplication ”) in the somatic tissue.
Considering the widespread occurrence of binucleate cells in the soma
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and the continuous somatic development of most plants, it is only
natural that endo-duplication must be an important factor in the
formation of polyploid plants.” (p. 201)'. Lixpstorm and IKoos have
also found many binucleate cells in the callus formed in the de-
capitated haploid tomato.

VIIL. Dispermy or triple fusion of the egg nucleus with two male
nuclei has been observed by Nimec (1912) in Gagea lufca, and a
similar phenomenon by Isaikawa (1918) in Oenothera nutans x  Oc.
pyenocarpa. 1t seems not improbable that there may be triploid in-
dividuals in Narcessus through this process of triple fusion as a con-
sequence of ab rrant behavior of the second male nucleus, which
Guienarp (1900)® observed in this plant normally to fuse with the
polar nuclei, though no evidence supporting this view has yet been
observed in Narcissus.

We may, then, summarize probable and possible cases where the
abnormalities may result in the multiplication of the chromosome
number in germ cells as follows :

Case I. Abnormalities in the meiotic division.

a. Unequal distribution of chromosomes in the heterotype
division (Paragraph 1).
b. Tormation of restitution nucleus (Paragraph 11).
¢.  Equational division instead of reduction division (Paragraph
1, 1v). ‘
d. Fusion of the two homotype spindles in the second divi-
sion (Paragraph V).
Case II. IFormation of binucleate cells in the premeiotic stage
(Paragraph VI).
Case I Iormation of di-diploid or syndiploid nuclei in somatic
cells (Paragraph VII).

Case IV, Dispermy or triple fusion of the egg nucleus with two
male nuclei (Paragraph VIII).

In the case of Narcissus, Case I, @ and 4, and Case I take place,
Case 1 a being of most frequent occurrence. '

In the next place, we shall consider external and internal factors
that could induce the mitotic or meiotic irregularitics which give rise

1. By ¢“eado-duplication ” JORGENSEN means the union of two spindles in a binucleate
cell into a giant spindle. The chromosome doubling in the ege by fertilization has been
called by him ¢ exo-duplication ™.

2, Cited from ISIIKAWA 1018,

3. Cited from Scuiiritory 1920.
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to the multiplication of chromosome numbers in germ cells. D.f[lmny
anaesthetics, unusually high or low temperature, and other physical
agencies such as irradiation with ultra-violet rays, X-rays and radium,
and other stimuli may be enumerated as coxternal factors. A certain
definite dosc or strength of these agencies may, if applied to pollen
mother cells, give rise to the formation of pollen monads, pollen dyads,
pollen triads, and pollen tetrads of cells of unequal size. A high per-
centage of them are usually abortive, but some are viable. In the
latter, the chromosome number may occasionally be some multiple of
the basic number such as 3n and 4n.  In the somatic cells too, this
multiplication or doubling of the chromosome number may take place
as in the case of pollen mother cells. To mention examples : NEMEC
(1904) and Saxamura (1920) produced this in root-tips of Fee and
Piswm by chiloralization; Micnatris (1926, 1928) in Lpulobiuimr and
Ocnothera, Borgenstam (1922) in Syrivga, Summoromar (1927) in
Liriope and Scelle, BLewr (1930) in Trdzcin, by subjecting pollen
mother cells to cold ; Kosnucnow (19235) in Cucemnss and Zea, SARAMURA
and Stow (1926) in Gagea, Stow (1g27) in the potato, Taxac! (1928)
in Zychnis, BLemr (1930) in Zrircum, Huwsors (1930) in the apple,
by subjecting somatic or pollen mother cells to an unusually high
temperature ; Goonseeep (1929) in Nicotfimra by oxposing the plant
to X-rays and radium rays; Wixkrer {(1916) and Saxsomz (1g30) in
Solarwn, Urer (1927, 1929) in Cleome, Kosrorr (1930 ¢} in Necol e,
by grafting ; JorGessex (1928), Lixpsrorar and Koos (1g31) in Solasim
by decapitation of young sprouts ; Kostorr and KexpaLl (rgzia) in
Niwotana by physical stimuli such as needle puncture of floral buds.

In the natural condition, not only the influence of temperature
(¢/. Brrrixe and BLAKESLEE 1922, BrakesLrt and CARTLEDGE 1923,
Sax 1931, Levax 1931, Hacrrur 1932), but also an attack by animal
parasites (IKostorr and KENDALL 1¢29) may cause the production of
offspring of abnormal chromosome types. According to Brrring and
Brakescen (1922), in Datura ’
by transient cold’”.  This conclusion has been shown by Kosrogr
and IKunparL (1931h) also to hold for the case of the tetraploid ~/%-

" non-reduction may be greatly increased

L.

“These examples are all cases where external factors play a promi-
nent rdle, but the internal factor which may be induced by hybridiza-
tion is more important in this vespect of chromosome doubling in
nature.

The hybridization hypothesis, first proposed by Winer (1gi17), is
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receiving increasing experimental verification.  Prominent examples
have been shown by Bremer (1923) in ¥, of Saccharum offrcinarumn
(n=40) x.S. spontancwm (n=36), in which the chromosome number in
somatic cells is 2 X 40+56=136, by Bracksurx and Harrisox (1g924)
in a tetraploid plant (n=21) from Rosa pinpincllifolic (n=14) x R.
tomentosa (n=7y), by CrausEx and (G0oODSPEED (1923) in a hybrid (n=
36) from Nicotiana glutinosa (n=12) x N. tabacum (n=24), by Icui-
jvMa (1926) in that (n=14) from Zragaria bracteata (n=7) x 7
Fellerd (n=7), by Crauvsex (1920) in ola hyperchromatica (n=2x%
17+ 13) obtained by crossing Fzola tricolor (n=13) with V. arveusis
(n=17), by Taunara and Suimoromal (1927) in Iy of Chrysanticmm
. margmatum (n=45) x Ch. lavandulacfolium (n=g) which carries as
many chromosomes as 72 (=36 +gx2+9gx2) in root-tip cells, by
Brizeer (1928) in a Nicotiana hybrid (an=24+ 24+ 12) obtained by
back crossing one of the IFy plants of N, ladacum = N. Rusby: with
N. tabacum, and by FranpsEN and WiNGE (1932) in BRrassica napo-
canrpestris (n=28), a species hybrid between Brassica napus (n=18)
and B campestris (n=10).

Amphidiploid hybrids have also been obtained by the union of
diploid gametes : the tetraploid Aegilolricimn was produced by Tscner-
Mak and BLEIER (1926) by crossing .Aceilops ovata with Tridicumn diurion
and 7% dicoccordes ; a constant tetraploid hybrid, Raplanodbrassica, by
KARPECHENKO (1927-"28) from Raplanus sativus x Brassica olcracea,
and by Terasawa (1932) from the I5; hybrid of Brassica chinensss x
B. sativus. MONTzInG (1930b) has obtained a tetraploid plant by back
crossing a triploid ¥, plant of Galeopsis pubescens x G. speciosa with
(r. pudescens.  IKinara and Karavama have also reported a constant
octoploid Acgrlotricin raised from the I, individual of Zrdecieimn
dreoccordes » Aegilops ovata (Kuiara 1931).

In the genus Narcrssus the various numbers of chromosomes must
have been derived from the cardinal numbers as the result of intra- or
interspecific crossing, or the result of cross segmentation or non-dis-
junction of certain chromosomes. It may be emphasized here that in
the hybrid forms of Narcissus, the chromosomal constitution found in
pollen mother cells show that they are haplo-diploid or diplo-diploid
with only one exception —Narcissus tntermedins— so far as my in-
vestigations are concerned. To put it in other words, in these hybrids
the number or numbers of the chromosomes from one or hoth of the
parental plants have been doubled, namely :

Narcissus tazctta “ By Vo 2on”’=31(=2x104+11)
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Narcissus tasetta “Tana”........... SanV=32(=z2x10+42x6)
Narcissus biflorus ..o.ooooooiioii i, “on=a2a(=2x%x 7+10)

Tt is natural to consider that these plants are raised by an inter-
specific fertilization which happens to take place between a haploid
gamete and an abnormally produced diploid gamete, or between such
diploid gametes. DBut they may also be looked upon as substantiating
Wmnare’s hypothesis of “ pathozygoty 7.  So far as my own work is
concerned, experimental proof of this view is lacking, but pe Mor (1925)
shows by his experiments that it is probable. e has reported that
he obtained a tetraploid variety (*2n”=28) from a cross between
Narcissus Pscudonarcissus (2n=14) and N. pocticus (2n=14).

In this latter casc of chromosome number doubling where hybridi-
zation plays a prominent rOle, it must be essential that the internal
factor or a change in the protoplasmic activity induced by hybridiza-
tion should result in an increase of sensibility, or a decrease of power of
resistance to external factors (¢f. Kuwabpa 1928, Nacao 1929). Pure
species are those which have sufficient power of adaptation to natural
changes in the milieu. Tt is, therefore, natural to conclude, and this
is actually the case, that in nature the doubling of the chromosome
number must be connected with hybridization, through which alone a
plant can be brought to a sensibility high enough to induce chromo-
some doubling within the range of the natural change in the environ-
mental conditions.

Before concluding this chapter some remarks may be given about
non-disjunction, cross segmentation and fusion of chromosomes, phe-
nomena which are intimately connected with the hyperploidic increase
and hypoploidic decrease of the chromosome number. )

Non-disjunction, a term which has become familiar to us since
Bripges’ work on the sex chromosomes. of Drosoplicie, is of very
frequent occurrence in those forms in which the parental chromosomes
form a ring or chain instead of the usual pairwise association in the
heterotype division, as in Oenothera.  The first obscrvation of this
phenomenon in Ocnot/icra was made by Gares (1908) in Oenothera
rudrinervist. Tn other cases also, where the usual pairwise association
is the case, the phenomenon is of not infrequent occurrence. Icuijinia
(1930) has reported that in Zragaria the frequency of occurrence of
non-disjunction is as high as g.21 25 in an individual, the average heing
6.60 25. In Datura, the origin of the ftrisomic as well as other

1. Cited from GATES 1915, p. 175,
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abnormal types of the plant has been sought in this phenomenon of
non-disjunction (BLAKESLEE and BELLING 1924), and BLAKESLEE and
CartrLEDGE (1927) express the opinion that cold may increase the
frequency of occurrence of abnormal chromosome types of plantes
which may be looked upon as originating in non-disjunction.

The cross segmentation of a chromosome inte two mero-chromo-
somes is another process by which hyperploidic increase of the chromo-
some number may be brought about (¢/. p. 187). This has been reported
in Zea Aays, Sccale sp. and some other plants and inscets (¢/. p.
101), and it is also the case with Narcissus.

The reduction of the chromosome number due to the fusion of
two or more chromosomes into one has been found in some plants.
In Zactuea the haploid number of chromosomes is ¢, and it has been
found by Gares and Rugs (1921) that “ a striking feature of the hetero-
typic metaphase is the frequént coalescence (more or less complete) of
two or four of the chromosome hivalents, so that only eight or seven
bodies appear on the heterotypic spindle.” (p. 376). Srovze (1925) has
found a similar case in .Secale wontanumn in which the somatic chromo-
some number is 14.  According to him, in pollen mother cells, only
6 chromosomal elements are “ einwandfrei” counted in both hetero-
type ancd homotype metaphase as the result of fusion of two peculiar
chromosomes, while in diakinesis 7 gemini are always counted as ex-
pected.  Jarmrzry (1928) has observed in Auwiex roscus that while in
many cases the number of chromosomes in the heterotype division of
pollen mother cells is g, it is 10 in ecight cases, where two chromo-
somes out of the 1o are smaller. Tde is of the opinion that the number
9 must have been derived from the 10 by the fusion of two chromo-
somes, since in a closely allied species, R. scielatus, the haploid number
of chromosomes is 10. WETZzEL (1929) gives 11 for the haploid number
of various Quercus species, but Jarerzry (1930) believes from the data
he obtained that the haploid number of chromosomes in the species
of this genus is 12, and that if a smaller number than 12, such as
that given by WETZEL is counted, it is the result of reduction due to
the fusion of some chromosomes.

1V. Significance of the chromosome number from the
biological and practical point of view

The increasing knowledge as to the nature of chromosomes from
hoth sides of investigation, karyological and genetical, has pointed to
the conclusion that the chromosomes are the carriers of the hereditary
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genes, and this conclusion is forming the basis of the new method of
plant breeding. Since it may now be looked upon as an established
fact that the chromosomes are the bearers of the hereditary genes, it
may readily be seen that an addition or loss of certain chromosomes
in an individual will necessarily result in a change in quality or quantity
in the characters of that individual. Kuwapa (1919) has classified the
possible cases of the chromosome number increasing in organisms from
the physiological and hiological point of view into the following three
Cases ’

1. Qualitative increase.

1o

Quantitative increase.
3. Numerical increase.

In the first category he has discussed the case of hybridity. We
may expect in hybrid plants a new combination of the genes carried
by the parvent plants. The chracteristics of the hybrids may be inter-
mediate between those of the parents, or one-sided under the complete
control of the law of dominancy, or may sometimes be new ones brought
about through the complementary effect of the two parent genes.
Among the physiological changes may also be mentioned here sterility,
heterosis, and so on, which are especially often found in crosses be-
tween plants standing in a relatively remote relationship, such as intra-
or intergeneric crosses.  The karyological data alone are of course not
complete enough to explain these phenomena, but they provide a
fundamental basis for the study of the problem. Kinara (1924) has
found that in the progeny of a pentaploid hybrid of Zrificum, the
degree of sterility depends upon the kinds of the combinations of the
chromosomes. In the constant raddish-cabbage hybrid, Kaphanobrassica,
Karercnenko and Sncuavinsgala (1929) have found a sexual incom-
patibility with their parent plants. This “is evidently in connection
with their doubled chromosome complex, as the diploid If) hybrids of Xa-
phannus X Brassica are readily crossed, at least, with one of the parents
—— Raphanns.” According to Nowara, in the I, hybrid between
Quamoclit pennata (vilgarss) and Q. coccinea, no seeds are set (IkeNo
1927, p. 100, 241), and according to Kacawa and Nakajina (1g3o),
and to Nakajima (1931) the somatic number of chromosomes is 30 in
the former species and 28 in the latter.  This latter fact seems to
serve as the basis for the interpretation of the former phenomenon.
The phenomenon of sterility is of general occurrence in the crosses
between remotely related plants and may be regarded as due to the
unhalanced and unstable state of-the hybrid, conditioned by the union
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of less harmonious parental genomes. According to Morcax (1926),
“balanced ” means that ““the numerical relation of the genes is the
same as that in the diploid or normal type”, and “stable”, that
“the mechanism of maturation is such that the type, once established,
perpetuates itself.” (p. 124).

Crossing experiments show. that the sterility or inferior fertility of
a hybrid is not necessarily accompanied by vegetative inferiority to the
normal type, but may even be accompanied by a superior vigorousness.
This phenomenon, heterosis or hybrid vigor, is known rather widely
to occur in those crosses which are made between plants with chromo-
somes cqual to or different from each other in number, as has been
found in the cases of the rye-wheat hybrid (Tnomrsox 1926), the radish-
cabbage hybrid (Gravarr 1914, KARPECHENKO 1924), the cotton hybrid
(Nagaromr 1931) and many others.  This phenomenon has been in-
terpreted by Jones by the linked dominant factor hypothesis.

While sterility is a negative phenomenon, so to speak, hybrid vigor
is a positive phenomenon, and may have an important bearing upon
brecding, but the formation of constant fertile hybrids carrying all the
parcental chromosomes may be cven more important and interesting in
hoth the scientific and the practical sense than hybrid vigor.,  This had
been merely an imaginary conception without a cytological basis, before,
so far as I am aware, I'EDERLEV’s paper on some Prgacra hybrids
appeared (¢/. JOHANNSEN 1926, pp. 593-598). We have now, however,
some of these plants realized, among which are those mentioned above,
i, e. degdotricim, Raphanobrassica, and a Fragarix hybrid obtained
by Teniyia (¢f. p. 181).  Besides these, the constant intermediate hybrid
of rye-wheat has been obtained by Ievirzky and Benerzeala (1929),
and Creprs artificialss, another constant fertile hybrid carrying 1o pairs
of chromosomes from one of the parvents, C. buernzs, and 2 pairs of
those from the other parent, C. scfosa, has been found by CoOLLINS,
HorLwwesneap and Avery (1929) among I¥, plants of the cross. Re-
cently Kostorr (1931) has also succeeded in producing a fertile triple
hybrid, Nicotrana tabacim x (N. sylfoestris x N. Rausboyr). -This is the
first instance of a fertile triple hybrid composed of complete chromo-
some contributions from the three different species.  These instances
seem to prove the possibility that this method of producing new
individuals which breed true may he applied to the art of plant breed-
ing. :

There is a phenomenon which may appear in some cascs to be
analogous to the hybrid vigor, but is quite different in its nature from
hybrid vigor. This is the case of quantitative increase, which is due
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to the cumulative effect and is of frequent occurrence in autopolyploid
plants.

It is well known that in triploids and tetraploids, the cells and
nuclei are larger than those of diploid forms, generally giving rise to
vegetative vigorousness of the plants.  This relation between the
chromosome number and the size of the cells holds to some extent
for the case of Narcissus too.  Although in this genome multiplication
no marked qualitative change is to be found as a rule, but only a
quantitative change which is duc to the cumulative effect of genes
already present, nevertheless it must have an important significance in
plant breeding if the genes in question are concerned in the develop-
ment of cconomically valuable characters such as increased longevity,
greater hardiness, better viability, resistance to disease and insect injury
and so on, especially in case the vegetative method of propagation is
available (¢f. pr Mor 1932). In cultivated economic plants, triploid
forms have been reported by Osawa (1920) in AZorus, by NEBEL (1929),
Crane and Lawresce (1930) in apples.  LoneLeEy and Crarx (1930)
have reported that except for only three yellow-fleshed, diploid form
of the potato from South America (n==12), in all the others out of
forty cultivated varieties investigated the gametic chromosome number
is 24, a number which shows the tetraploid condition of the plants. It
seems to be a noteworthy fact that plants under cultivation frequently
show a large number of chromosomes as compared with that of the
wild type, as is found in Zridicene, Avena, Fragarar and the potato.
Tn view of this fact that many cultivated forms of plants are charac-
terized by the jargencss of the chromosome number, an attempt at
breeding aiming at multiplication of the genome is a matter not only
of mere scientific interest but also of practical importance. [t has been
reported that in Java the sugar industry has been greatly improved
by the successful breeding of better forms of sugar cane by this
method of breeding. (¢/. TERAO 1931).

The hyperploidic increase is another important case of the quanti-
tative increase. The hypoploidic decrease of the chromosome number
is. on the other hand, a case of loss, a phenomenon diagonally opposite
to the former, but we find it convenient to discuss these two phenomena
together. Morcan (1926, p. 301) states: “the addition of a single
chromosome or of two members of the same pair, or of two or more
‘members of different pairs to the group, or the loss of a whole chromo-
some from the group, may be expected to produce more evident cffects

on the individual,” Tlustrations for this view may be found in Dafura
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in which BraxesLee and Beruine (1924) have found 12 distinct trisomic
types.  Since there are just 12 pairs of chromosomes in the normal
type of this plant, 12 different simple trisomic types may be expected,
and these have actually been found. Similar trisomic types have also
been found in Ocnothera (pE Vries and BoepvyN 1923). In these in-
stances the physiological equilibrium is kept undisturbed, so that the
plant can live. The case of the triplo-IV’s mutant of Drosopliria is
another instance of this balanced type of chromosome multiplication,
and the case of the haplo-IV’s mutant of /resoplisie is an instance
of the halanced type of chromosome subtraction. While these grow
up, we have another type of mutants which can not live. The tetra-
IV’s and nullo-IV type of the fly are of this type, and it is scen
from this fact that the complete absence of the IV-chromosome or its
four-fold presence upscts the physiological balance to such an extent
that these individuals can no longer live. The flies which are triple
with regard to the X-chromosome or chromosomes II or III can not
live cither (MORGAN 1920, pp. 174-177).

It has also been shown in Dafura that types with extra-chromo-
somes arc of low fertility (Brakpsiee and CarriLEpGE 1920).  Irom
the high percentage (639 ) of empty pollen grains found in the varicties,
“Empress ” and ““ Grandee ”, in Narcissus it is also scen that illegi-
timate sets of chromosomes give rise to pollen sterility.

The phenomena of cross segmentation and fusion of chromosomes
arc cases of numerical increase and decrease, and hence the hereditary
units may thereby remain unchanged not only in number but also in
other respects, but these phenomena are of a special interest in con-
nection with the genetical phenomena of the inversion and trans-
location of genes, which have recently been discovered and fully in-
vestigated in Drosoplhiila (MorcaN, Brinces and STURTEVANT 1923,
MuLLER 1028, Dopzuansky 1930, Ruoapes 1930, and others). It has
been shown by parallel investigations performed cytologically and
genetically that these genetical phenomena are the neccessary conse-
quence of the cytological phenomena of cross segmentation and
refusion (Pamvrer and MULLER 1929). The latter phenomena attract
our attention to “segmental interchange”, a hypothesis put forward
by BELLING and BLARESLEE (BELLING and BLAKESLEE 1926, BELLING
1927) and supported by many advocates such as DARLINGTON (1929),
CLeLAND and BLAKESLEE (1930, 1931, BLakesLEE and CLELAND (1930),
MrurMaN (1929) and others.  Darrpingron has found in the meiosis

in several species in 7radescantiae several types of chromosome
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association (¢f. DARLINGTON 1929, p. 271) which arc according to
him not intelligible directly in terms of diploid or polyploid pairing
of homologous whole chromosomes, but intelligible if it is assumed
that there occur translocation of segments from one chromosome to
another, segmental interchange between non-homologous chromosomes,
inversion of segments and a process of terminalization of chiasma taking
place between diplotene and diakinesis. IHe is of the opinion that the
occurrence of thesc various abnormal types of chromosome association
is connected with the condition found ‘in structural hybridity. By
stractural hyhrid he means “a zygote derived from the union of
gametes dissimilar in respect of the structure of their chromosomes
(i. e. in respect of arrangement rather than of quality or quantity),
Whether this condition arises as a result of structural change in its
immediate parents or in its remote ancesters (i. e. whether by internal
or external hydridization in T.orsy’s sense) does not concern us at
present.” (DarLINGTON 1931, P. 240). -

To put shortly what we have discussed above, both modes of
chromoesome number increase, qualitative and quantitative, bring ahout
genotypical changes in organisms, and may, therefore, cause pheno-
typical changes as ‘well, while the mode of numerical increase has no
direct bearing apon these changes. The principle implied in the quali-
tative increase of the chromosome number is virtually a new combi-
wation of chromosomes, or in terms of genetics, of hereditary genes.
This principle has been applied to the method of plant breeding since
the rediscovery of the Muxperian laws of heredity.  This is the hybridi-
zation method, and in this method it is fundamental that we have
to select out species or races in which the characters in question arc
of better quality from the hreeding point of view. The method,
thorefore, consists of sclection and combination, and this in no sensc
implies the idea of producing ov nducing new characters artificially,
The recent progress in cytology, especially in the field of experimental
investigation is, however, opening up to us another method of breeding,
though its establishment into a form capable of practical use seems
at present to be beyond reach. This is the method by which we can
artificially induce characters, new or better, at least in the quantitative
sense, than -those carried by the species or races we have in nature.
The cytological data which offer the basis of this method. are chiefly
polyploidal or hyperploidal multiplication of chromosomes — the quanti-
tative increase — which can be induced by artificial means, such as
cold or unusual temperature, many anaesthetics, X-rays and radium,
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grafting and so on (¢. g. GOODSPEED 1929, SariniN 1930, KOSTOFF 1930
¢, and others).  The mutation thus induced is the so-called ““ chromo-
some mutation ”’, and gene mutation, which we do not intend to deal
under this heading, may also be induced by these artificial means (¢f.
Bucnnorz and BLAKESLEE 1930, KOSTOFF 1930 C).

Although the artificially induced mutants or variants hitherto ob-
tained are mostly those which carry characters of no practical or
economic significance, such as dwarfishness, chlorophyll deformation,
or other defects (GoopspEED, STADLER), and although plants carrying
characters of economic value are, as pointed out by Sraprer (1930),
more likely to be found out among plants cultivated under controlin
the usual manner than amoung the progeny of experimentally or artifi-
cially treated plants, it seems, nevertheless, important from the view
point, not only of scientific interest, but also of practical necessity in
breeding, to carry out further studies of this artificial inducement.
StapLer states: ““ There are, however, certain special cases in which
incuced mutation, even in the present state of knowledge, offers a fair
possibility of successful application.  These are in general cases in
which hybridization is not feasible or in which a character dependent
on a single gene-change is particularly important.” (STADPLER 1930, D.
18).

Summary

1. The plants which were used as material in the present investi-
gation are those known as, or garden varictics and forms helonging to :
N, Pscudonarcissies, N. tncomparabilis, N, Jonquilla, N. Bulbocod i,
N. odorus, N. taselta, N. tntermedins, N. biflorus and N. Barri.

2. They can be classified into two groups with regard to the

cardinal number of chromosomes which they carry, namely, the 7-
chromosomic and po-chromosomic groups.

3. So far as my investigation is concerned all the garden varieties
of V. fasella belong to the 1o-chromosomic group, the chromosome
numbers shown by these varicties in the somatic cells being 20 (diploid),
30 (triploid), 21, 22, 31 and 32 (heteroploids).

4. In pollen mother cells in the diploid varicties of V. tazclla,
there are found 10 bivalent chromosomes in the heterotype metaphase.
In the varieties “ Franklin” and “T.,”’, 6 gemini are large and 4
small, and in the varicty “I1%,”, 5 are large and 3 small.
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5. In the triploid variety “ Yellow Prince”, trivalent chromo-
somes are found (autotriploid). The number of the trivalents is 10, or
less than 10. In the latter case the corrseponding number of bivalents
and univalents are found with the trivalents.

6. In another triploid variety, ‘ Chinese Sacred 1.ily 7, a secondary
association of chromosomes frequently takes place, so that complexes
of a higher order than triple are formed, the number of chromosomal
clements being correspondingly reduced.

7. In the veriety with 21 chromosomes, 1o bivalents and 1
univalent are found in the heterotype metaphase. This variety is,
therefore, a hyperdiploid.

8. In the variety with 22z chromosomes, 11 gemini are found in
the heterotype division. Of them 4 are large, and 7 are small. Irom
the result obtained in ¢ By it is concluded that two of the small ones
must have been derived from one of the large ones by cross segmen-
tation.  Thus the variety in question is essentially diploid, though it
is numerically a hyperdiploid.

9. In the variety with 31 chromosomes, the number of chromo-
somal elements in the heterotype division is 21, of which 1o are bivalent
and 11 univalent. This fact shows that this veriety is a heterogenomous
tribasic plant, consisting of two genomes homologous to those of
“ IFranklin” as is indicated by the corresponding ratio between the
numbers of large and small gemini, and a genome homologous to. that
of the 22-chromosome variety.

10. In the variety “luna” with 32 chromosomes the behavior of
the chromosomes in meijosis shows that this varicty must have been
raised by the union of a diploid gamete abnormally produced in a’certain
diploid form of N. Jaselfa and one produced in such a species as that
investigated by Furxaxpes in which the haploid number of chromo-
somes -is 6.

11. The wild growing form of the narcissus plant, known
taxonomically as V. fascfta var. chuncnses, is a triploid having 30
chiromosomes in the somatic cells,

12. N, Pscudonarcissus, N. tucomparabiles, N. Jongudle, V.
pocticns and N, Bulbocodniin belong to the y-chromosomic group.

13. In some varietics of N. Pscudonarcissus, N. incomparabilis
and V. poclicues the number of chromosomes in the somatic cells is 21.
In the heterotype metaphase, 7 trivalent chromosome complexes are
found, a feature which is characteristic of autotriploid plants. I‘requent-
ly, however, in some of the complexes, the association into the trivalent
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complex is incomplete, so that as many chromosomal elements as 8, g,
10, etc. may be counted.

14. In the varieties of V. Pscudonarcissus, * King Alfred ” and
“Olympia”, with 28 chromosomes cach, the chromosomes form 7
tetravalent complexes in the heterotype metaphase. In some cases
some of the chromosomes fail to conjugate with their homologues, so
that more than 7 chromosomal elements may be counted.

15. In two varieties of V. Pseudonarcissis with 22 chromosomes
cach, the behavior of the chromosomes in meiosis shows that they are
hypertriploid plants (7 + 17).

16. The hexaploid number 42 is found in a form of N. Bulbe-
codruere,  In diakinesis and metaphase in the heterotype division, the
chromosomes pair two by two resulting in 21 bivalents in most cases,
but in some cases one or more than one multivalent (tetra- or sexivalent)
chromosome is also found with the corresponding reduction of the
number of chromosomal elements.

17. Such irregularities in the meiotic division as the longitudinal
splitting of some univalent chromosomes in the heterotype division,
lagging of some unsplit univalents behind the others in the anaphase,
the formation of giant restitution nuclei or dwarf mero-nuclei, etc. are
found to a greater or less extent in the tri- and tetraploid as well as
heteroploid varietics.

18, N intermedius, the species hybrid between V. lasclla and V.
Jonguilla, shows 17 chromosomes in the somatic mitosis.  In the hetero-
type division these chromosomes show no tendency at all to pairing
between any two of them.

19. N biflorus, the species hybrid between V. Zazctla and N,
poclicus, shows 24 chromosomes in the somatic mitosis, and 7 bivalent
and 10 univalent chromosomes in the heterotype division.

20. In these species hybrids, the process of meiosis is extraordi-
narily irregular, and all the pollen grains appear abortive.

21, 14 chromosomes are found in the somatic cells in N, Barra
and V. odorus which are regarded by some authors as the species
hybrids between N. pocticus and N, Pscudonarcissus, and bhetween 2V,
Jonquidle and N. Psecudonarcissus respectively.

22. So far as my investigation is concerned, there is no evidence
to show that there is the cardinal number 3 in the genus Narcissus as
believed by FErxaxpes. My conclusion is that there are three cardinal
numbers known with certainty at present in this genus, namely 6, 7,
and 10.
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23. Measurements were attempted with pollen grains and epi-
dermis cells in the scale Ieaves of the bulb to see whether there is a
correlation between the chromosome number and the cell size.

a) In pollen grains; the length increases in correspondence with
the. increase in the number of haploid chromosome sets or genomes.
The width increases similarly except in the cases of a triploid and a
hypertriploid in both of which it is broader than in tetraploid varietics.
From these results it is scen that except for the cases of these triploid
and hypertriploid plants there is a certain correlation between the size
of pollen cells and the number of chromosome scts.

b) In epidermis cells, the same correlation between the cell size
and the number of chromosome sets is also recognizable, at least to
some extent, in the case of the plants carrying as many chromosomes
as multiples of 7 as well as those where the cardinal number is 10,
while this relation does not hold for the cases of species hybrids be-
tween these two cardinal numbers, N. wdermedins and N. biflorus.
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