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Introduction

The genus Disporum contains about 32 species which are distributed from.

Himalaya, India, Malaysia, China, Japan and North America. The Eastern
Asian species have large chromosomes while the North American species
possess small ones. .

Cytological work of the species of Disporum was initiated by Hasegawa
(1932) who described - the karyotypes of 3 Japanese species, namely D. pullum,
- D. sessile and D. smilacinum. Although all these 3 species have 8 pairs of
chromosomes (4 large and 4 medium-sized), but their karyotypes are somewhat
different. Therman (1956) worked out the cytology of 3 North American species:
D. smithii (2n=16) has 3 SAT-chromosonges and 3 nucleoli, indicating that it
may be a hybrid, and both D. oreganum and D. hookeri have chromosomes 2n=18.
Meiosis of D. hookeri is irregular. In the study of the Western Himalayan
PolYgonateae, Mehra and Pathania (1960) found that the karyotype of D. pullum
(;-D. cantoniense) of Himalayan is different from that of the Japanese form,
although both have 16 chromosomes. »

. So far the basic chromosome numbers reported in Disporum are x=6, 8, 9
and 11 (Darlington and Wylie, 1955). These numbers together with the findings
stated above indicate that the genus consists of a heterogenous group of species.
Further cytological studies on the species of this genus may provide more
interesting information.

Cytological studies on two species, D. Kawakamii and D. Shimadai, both
endemic on Taiwan Island, are reported in this paper. Analyses of two popula-
tions of the former indicate the hybrid nature of the species and the basic
chromosome number x=7 of the latter species is first reported for this genus.

(1) The authors wish to express their heartfelt thanks to' Mr. M. T. Kao and Mr. T.
Shimizu for their assistance in collecting the specimens. -
(2) Professor, National Taiwan University, Assistant Research Fellow and Research
Assistant, Institute of Botany, Academia Sinica, respectively.
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In Hayata's (1911) revision of Taiwan Disporum, he listed 3. species;, namely
D. pullum, D. Kawakamii, and D. Shimadai, the latter two being described by
him as new species. - However, after careful examination of ‘the herbaritm ;
specimens -deposited in the Herberia of the National Taiwan® University - and
the Taiwan Forest Research Institute, we found that the “so-called specimens -
of D. pullum identified by Matsumura and Haydta should be named D. Kawa-
kamii.

Taxonomic Treatment

The following: brief taxonomic treatment will help to 1dent1fy the two‘
species of Disporum of Taiwan. ‘
Key to species: o .

Leaves, With short petioles; petals oblong, base slightly narrower, margin of '

apex papillate, texture rather thick; 2n=16.:............ D. Kawakamii.
Leaves sessile; petals pandurate, margin of apex not paplllate, texture rather
thing, 2n=I14 ... . . ciiiiiin i iiiensiieerinsnn i D. Shimadai.

Disporum Kawakamii Hayata, Mat. Fl Formosa 365, 1911. Masamune, Short
FlL. Formosa 269, 1936 and List Vas. PL ‘Taiwan 133, 1954,
Disporum pullum Matsumura et Hayata, in:Enum. Pl. Formosa 443, 1906, non'
Forbes et Hemsl.
Distribution: Endemic in Taiwan.
Herbarium specimens examined: ‘
~ Tlan Hsien: Shimada SH. 1309(TAI), SH. 1330(TAI) Suzuk1 1165(TAI); Morl
5806(TAIF) . \ R
~ Taipei Hsien: Shimada SH. 1278(TAI); kSu,zuki 7633(TAT), 8392(TALI).
Hsien- chu Hsien: Shimada 606(TAI), 3983(TAI), SH 413(TAI).
Talchung Hs1en Liu ef al. 18(AS). ‘ ! ‘
Nantou Hsien: Liu ef al. 18(TAI); Huang 1937(TAI), Kao K3981 (TAI)
K3989 (TAI).
Chia-yi Hsien: Kao K4230 (TAD), Voucher specimen; Suzuki 498 (TAI) :
Hayata and Sasaki 5807 (TAITF); Sasaki 5808(TAIF). : ,
Tai-tung Hsien: "Maeda SH 1389 (TAD); Matsuda June, 1917 (TAD); Chuang
: and Kao 1103(AS).- ‘ ,
) Hwalien Hsien: Kao K4146(TAI) Liu, Chen and Kao 162(T‘AI Shimada
' SH 1305(TAI), SH 1301({TAI), SH 1307(TAI) Suzukl 10953(TAI) ST 17712
(TAI) Suzuk1 10506(TAI), 9847(TAI).

‘Abbreviations used:
TAI--Herbarium of the National Taiwan University
TATF—Herbarium of ‘the Taiwan Forest Rescarch Institute
AS—Herbarium of the Academia- Sinica
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Disporum Shimadai Hayata, Mat. Fl. Formosa 367. 1911. Mosamune, 1.c.
Distribution: Endemic in Taiwan :
“Herbarium specimens examined:
Keelung: Kao K4500(TAI, AS); Chuang 4853(AS); Kawakami and Shimada
March 6, 1907, 4811 Isotype.

" Cytological Observations

The materials of D. Kawakawmii used for this study were obtained from 2
collections. The collection K4230 was obtained from Mt. Ali in southern
Taiwan and the collection S11643 from Hwalien in northeastern Taiwan. Since
the karyotypes of these two populations are different, they will be treated
.separately. The materials of D. Shimadai were obtained from several collections
(K4500, TIC4853, etc.) at seashore near Keelung. Same karyotype was identified
“in all materials. ,

Both the root tips and flowér buds were fixed in Farmer’s fluid.© The root
tips were treated with IN HCl before squashing. Propiono-carmine smear
. technique was employed for both root tips and PMCs.

~ Disporum Kawakamii

Collection K4230:

’ Chromosome number and karyotype were determined from the root tips only.
The somatic number is 2n=16. There are 4 pairs each of large and medium-
sized chromosomes (Figs. 1 and 14). Figure 1 is fhe diagramatic representation
of its'karyotype. The chromosomes were alphabetically arranged by the des-
cending order of their length. They range from 694 to 21.0z in length. The
centromeres of chromosomes are either submedium or subterminal in position.
There are 2 SAT-chromosomes—one ¢ and one f.  Thus, both ¢ and { pairs are
heteromorphic.

" ‘Collection S11643:

Somatic chromosomes—In this collection, only flower buds were available for
study. However, abundant mitotic figures were observed in the tapetal cells of
those anthers in which PMCs had not yet initiated their divisions. Thus,
somatic chromosomes were also studied for this vcoll‘ection. Asin K4230, plants

of this population have 8 pairs of chromosomes (4 large ‘and 4 medium-sized)

which had been confirmed in PMCs. The chromosomes range from 854 to 224z
in length. The centromeres are either submedium or subterminal (Figs. 2, 5, 6)
in position.. The karyotype of this population differs from that of the previous
one in several aspects. There is no one chromosome of this population carries
a satellite or secondary constriction. In addition, the two ¢ chromosomes are
heteromorphic—the long arm of oune ¢ having an extra segment, about 1/4 of the
arm length. As a consequence, certain meiotic abnormalities will be expected.
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a b ¢ d4d e £ g h

Fig. 1 Karyotype of D. Kawakamis (Col-
lection K4230), 2n=16 ( x1500).
The ¢ and f chromosome pairs
are heteromorphic.

a b ¢ d e f g

Fig. 3 Karyotype of D. Shimadai, 2n=14
(% 1500).

a b ¢ d4d e f g
Fig. 2 Karyotype of D. Kawakamii (Col-

lection S11643), 2n=16 ( x1500).
The ¢ chromosomes are unequal
in length.

Fig. 4 Pachytene configuration of a por-
tion of the ¢ chromosome = pair.
Note the extra terminal segment
of the one homologue and the
inversion loop ( x1100).
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Meiotic behaviour—MI associations were observed in a great number of cells:
However, only in a relatively small number of cells the various configurations
could be analyzed without difficulty. In approximately 402 of these cells there
are 8 distinct bivalents. ~ The extra segment of one ¢ chromosome was found
to be either attached to or dissociated from the bivalent. Two members of one
‘medium-sized bivalents were usually precociously separated. (Fig. 9). :

In the remaining cells, there is a ring or chain-of 4 chromosomes (Figs.‘ 7
‘& 8)—2 large and 2 médium-sized. An extra chromosome segment is usually
attached to one of the large chromosomes. Thus, the large chromosome pair
involved in this tetravalent is the c pair. There is no way to trace which
particular meditim-sized ~chromosome pair is associated in this multivalent.
However, it is interesting to note that, in many cases, there is a close association
between the extra chromosome segment and one of the medium-sized chromo-
somes (Figs. 7 & 8). \ :

Results obtained from the analysis of the Al configurations indicate that in
approximately - 6 percent of PMCs there is "a dicentric bridge, either with or
. without an acentric fragment. Figure 10 shows a typical Al bridge as well as
an acentric fragment in one PMC. The dicentric bridge is formed by two
. chromatic segments of the long arms of the two large chromosomes. The
presence of an Al dicentric bridge and acentric fragment usually infers the
presence of a paracentric ‘inversion in heterozygous condition.  In the present
case, the inverted segment may be relative‘ly short as shown by relatively low -
percentage of PMCs with Al bridge and acentric fragment.

From the Al configuration, one cannot tell which particular chromosome
pair is heterozygous for an inversion. Due to overlapping of the most of the
“bivalents at pachynema, it is impossible to trace individual chromosome pairs

 of this species at this stage. However, after examining several hundred

pachytene figures it was fortunate enough to find one interesting configuration
in one PMC. In this particular cell one portion: of a bivalent Waé stretched .
from the bivalent cluster so that its pairing condition could be traced ‘and
diagrammed as in Fig. 4. From the figure, it'can be seen that one homologue of
this portion of bivalent has an extra chromosomal segment at the terminal end.

Figs. 5-13. Photographs (except Fig. 6) of the somatic and meiotic chromosomes: of .D.
Kawakamii. (Collection SI11643). Figs. 5-10. x ca. 600. Figs. 11-13xca. 350. 5, Somatic
metaphase, showing 16 chromosomes. 6, Same as Fig. 5, camera lucida drawing. 7, MI, showing
6 bivalenits and 1 chain of 4. The extra segment is indicated by the arrow. 8, M, showing
6 bivalents and 1 ring of 4. Bivalents are not properly oriented. 9, MI, showing 8 bivalents
which- are not properly oriented. 10, Early teloph'ase, showing: the dicentric bridge -and
acentric fragment. 11, Early telophase, showing the dicentric bridge, acentrc fragment
(indicated by single arrow) and 2 small chromosomes . (or fragments ?) as indicated by
double arrows, 1 being attached to a normal chromatid of a dyad from which the bridge
originates. 12-13, Al, showing the laggard.
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Figs. 14-17. Photographs of somatic chromosomes and flower branches of D. Kawakamit
and D. Shimadai. s indicates the SAT-chromosome. 14, Somatic metaphase of D. Kawakamii
(Collection K4230), showing 16 chromosomes. 15, Somatic metaphase of D. Shimadai,
showing 14 chromosomes. 16, A flowering branch (a) and a petal (b) of D. Kawakamii.
17, A flowering branch (a) and a petal (b) of D. Shimadai.
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The relative length of thié extra segment to the whole chromosome ‘could not
be determined since the remaining part of the bivalent, was in the cluster.
Although there is no definite proof, it is most probably that this portion is
part of the long arm of the ¢ chromosome pair because no one chromosome in
the somatic chromosome complement seems to have an extra segment except -
one of the two ¢ chromosomes. ‘
By c103° examination of this portion of bivalent, a small inversion loop was‘
found in the interstitial regions (Fig. 4). If the assignment of this portion of

‘bivalent to the ¢ pair is correct, this chromosome pair will also be heterbzygous

for a paracentric inversion in the long arm. :

Direct ‘and indirect evidences thus obtained show the following abnor-
malities along the long arm of the ¢ chromosome pair: S

(1) Presence of an extra terminal chromosomal segment in one homologue.

(2) At least part of this extra segment being homologous with part of a

particular medium-sized chromosome hitherto not yet determined.

(3) Heterozygous for a paracentric inversion in the long arm._

Figure 11 presents a more interesting configuration at early telophase In
this cell, there are 6 dyads at one pole, 7 at the other.. Besides, there is a

" dicentric bridge formed by chromatids of the ¢ chromosomes, an acentric

fragment (indicated by single arrow) and 2 small chromosomes (or fragments?
indicated by double arrows). One such small chromosome is associated with
one of the normal chromatid of the ¢ chromosome pair, and the other is free .

near the other pole. The normal chromatid of the ¢ chromosome pair associated

with the small chromosome is longer than the other normal one at other end
of the bridge.  This could be the result of the formation of a-chiasma within the.
inversion loop and another one between the extra segment of one ¢ chromosome
and one medium-sized chromosome having homologous part with the extra
segment. ~Since the nature of association could not-be traced and determined,
this is highly speculative but not wholly impossible.

D. Shimadai

In this species, the somatic chromosomes were studied in root tip cells. No
flower buds were available for meiotic observations. Its haploid chromosome
number n=7 (Figs. 3 and 15) reported here is the new basic . number for the
genus Disporum. The 5 pairs of large chromosomes and 2 pairs of medium-

~ sized ones were diagramatically shown in Fig. 3. They range from 8.8z to 2554

in length. . No evidence of heteromorphism of any chromosome pair can be
visualized.: Two homologucs of the ¢ pair are SAT-chromosomes.

Briefly, the karyotype of this species: differs from that .of D. Kawakamii in
having 1 additional pair of large chromosomes but 2 less pairs of medium-sized
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chromosomes.
Discussion

All' Asian species of Disporum which had been previously investigated cyto-
logically have 4 pairs each of large and medium-sized chromosomes in spite of
, the fact that the karyotypes are somewhat different. In so far as the chromo-
some number and size are concerned, the species D. Kawakamii which is ende-
mic in Taiwan follows the same course. However, analyses of two populations
of this species collected from two distinct geographical localities on the island
show that the karyotypes of these two populations are different and both indicate
the hybrid nature of the populations. The presence of quadrivalent infers the
chromosomal interchanges between two non-homologous chromosomes. Similarly,
the presence of the Al bridge and acentric fragment infers the inversion of
chromosomal segment within a single chromosome. These facts implicate that
changes in chromosomal structures are still going on at the present level of
this species. Since this species is widely distributed on the island it would be
the valuable material for further detailed study.

The species D. Shimadai which is found only on the seashore near Keelung
in northern Taiwan has 5 pairs of large chromosomes and 2 pairs of medium-
sized  chromosomes. Thus, it deviates from other Asian species of the same
genus, whose karyotypes had been reported in having one more pair of large
chromosomes and two less pairs of medium-sized chromosomes.

In this connection, it is worth to mention that in the evolution of certain
species of Drosophila and Crepis, decrease .in chromosome number through
interchange of chromosomal  segments between non-homologous chromosomes
and eventually loss of small chromosomes resulted from interchange are well-
established facts (Dobzhansky, 1951). At present, there is no evidence to show
that the species D. Shimadai was originated from species with 4 pairs of large
and 4 pairs of medium-sized chromosomes through chromosomal interchange
between the non-homologous - chromosomes and loss of resulting small chromo-
somes. Further cytogenetic study would be necessary before any definite
 conclusion can be made.

Summary

(1) According to our observation, specimens identified by Matsumura and
Havata as D. Pullum should be named D. Kawakamii.

Presumably only two species of Disporum, D. Kawakamii and D. Shamadai
are present in Taiwan.

(2) D. Kawakamii has 16 somatic chromosomes. Cytological analyses of the
karyotypes of .2 populations and meiosis of one population show the hybrid

nature of the species.




July, 1963 - Chao’ et al.—Disporum of Taiwan 89

(3) D. Shimadai has 7 pairs of chromosomes. It deviates from other Asian
species of the same genus whose karyotypes had been analyzed in having 1
more large chromosome pair and 2 less medium-sized chromosome pairs.
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