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Abstracts. Ribosomal DNA (rDNA) sites on somatic chromosomes of Disporum smilacinum and D.
sessile were compared by the fluorescence in situ hybridization (FISH) method. The two species of
Disporum commonly showed the chromosome number of 2n =16 and the chromosome complements
consisted of four m and twelve sm chromosomes. The present FISH respectively detected two terminal and
two pericentric rDNA sites in D. smilacinum; and six terminal rDNA sites in D. sessile. The present study
implicates that the rDNA sites situated at the pericentric region in D. smilacinum must be an useful marker
for explaining karyotype evolutions and for examining chromosome genomes in a hybrid between the two

Disporum species.
Introduction

Disporum is a genus in Liliaceae (Melchior 1964, Tamura 2003) or Colchicaceae (Kubitzki 1998,
Angiosperm Phylogeny Group 2003). The genus consists of 22 species and is primarily distributed in the
temperate in the eastern Asia (Kawano and Takatsu 2004), and four of the 22 species are recognized in
Japan (Satake 1981). Out of the four species, D. sessile D. Don and D. smilacinum A. Gray are most
widely distributed in Japan: D. smilacinum occurred from Hokkaido to Kyushu in Japan (Kawano and
Takatsu 2004); and D. sessile occurred from Hokkaido to the Ryukyu Archipelago in Japan (Kawano and
Hori 2004).

Previously some cytological studies have been performed in the two Japanese species, and confirmed
that they commonly had the chromosome number of 2n = 16 with the basic chromosome number of x =8
(Kayano 1960a, 1960b, Chao er al. 1963, Chuang and Hsu 1974, Noguchi and Kawano 1974, Utech and
Kawano 1974, Tamura et al. 1992). Recently a molecular-cytological technique of the fluorescence in situ
hybridization (FISH) has been applied to various wild plant taxa, and has been confirmed as one of
powerful methods to analyze chromosomal genomes. In the present study, the FISH using ribosomal DNA

(rDNA) probe is used to compare somatic chromosomes of the two Disporum species in Japan.
Materials and Methods
Plant materials

Taxonomic treatment was followed to Satake (1981) for the present cytological study. Plants of D.

smilacinum (Fig. 1A), and D. sessile (Fig. 1B) were collected from Amakubo, Tsukuba, Ibaraki, Japan.
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Fig. 1. Plants of two Disporum species. Bar indicate 5 cm. A. D. smilacinum. B. D. sessile. Voucher specimens are
deposited in the herbarium of National Science Museum, Tokyo (TNS).

They were transplanted to the experimental greenhouse of the Tsukuba Botanical Garden, National Science
Museum, Tokyo for the present cytological study. Voucher specimens of D. smilacinum (GK 1725) and
D. sessile (GK 8440) were deposited in the herbarium of National Science Museum, Tokyo (TNS).

PCR amplification and DNA labeling

Total DNA isolated from D. smilacinum (GK 1725) by the DNeasy Plant Mini Kit (QIAGEN Cat. No.
69104) was used as a template for polymerase chain reaction (PCR) as FISH probes. The PCR amplifica-
tion of part of the 18S rDNA array being a part of 45S rDNA was performed using primer NS1 (5°-GTA
GTC ATA TGC TTG TCT-3’) and NS4 (5°’-CTT CCG TCA ATT CCT TTA AG-3’) designed by White
et al. (1990). The PCR profile for 30 cycles of DNA amplification was 30 sec at 94°C, 30 sec at 56°C and
1 min at 72°C. The amplified DNA fragments were labeled with digoxigenin- (DIG) dUTP by the Nick
Translation Kit following the manufacturer’s protocol (Roche, Cat. No. 976776). The labeled probe was
dissolved in 50% formamide and 10% dextran sulfate (w/v) in 2 x SSC, and adjusted to a final DNA-
concentration of 5 pg/ml. This hybridization mixture was denatured at 75°C for 10 min before being

immediately chilled in ice-cold water for 10 min.

FISH using rDNA probes

Root tips were harvested from the plants cultivated, and then pretreated in 2 mM 8-hydroxyquinoline
at 20°C for 2h. Fixed root tips were digested in a mixture of 2% cellulase “Onozuka” RS (Yakult) and 1%
pectolyase “Y-23" (Seisin) dissolved in distilled water (w/v ; pH 4.5) at 36°C for 20 min, and then washed
in distilled water for 10 min. A single digested root tip was placed on a glass slide, the meristematic apex
dissected and squashed in 45% acetic acid under a glass cover slip. The cover slip was removed from the
slide by the dry-ice method. The air-dried root meristem preparation was treated with 0.1% RNase (w/v)
in 2 x SSC at 37°C for 1h. After a wash in 2 x SSC at room temperature for 10 min, it was submerged
in 4% paraformaldehyde (w/v) in phosphate-buffered saline (PBS) at room temperature for 5 min, and then
rinsed in distilled water at room temperature for 10 min. The preparation was then dehydrated through an
ethanol series (75%, 80% and 100% ethanol at room temperature for 3 min each), and dried at 36°C for

30 min. The preparation was covered with 10 pl of the hybridization mixture, and mounted with a silicone-
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coated cover slip before being sealed with rubber solution. Then, the preparation was denatured at 80°C
for 10 min and placed in a humid chamber at 37°C overnight for DNA hybridization to occur. Following
the hybridization, the slide was rinsed in 4 x SSC at 40°C for 10 min twice. The hybridization signals on
the chromosomes were detected with 20 pg/ml Anti-digoxigenin-rhodamine, Fab-fragments (Roche, Cat.
No. 1207750) in 1% bovine serum albumin dissolved in 4 x SSC at 37°C for 1h. The slide was rinsed in
4 x SSC at room temperature for 10 min twice in a dark box, and received 100 pl of 4,6-diamidino-2-
phenylindole (DAPI; Sigma Cat. No. D9542) for counter-staining at 4°C for 30 min before being mounted
with a coverslip. The hybridization signals fluoresced red while the non-hybridized region fluoresced blue

when visualized using a triple band pass excitation filter (Zeiss, filter set No. 25).

Description of chromosomes

Chromosomes at mitotic metaphase were classified by arm ratio (R =long arm length / short arm
length ratio) following Levan et al. (1964). Median- (R=1.0 to 1.7), submedian- (R=1.8 to 3.0),
subterminal- (R = 3.1 to 7.0) and terminal- (R = 7.1 to o) centromeric position were respectively desig-

LI

nated and symbolized as “m”, “sm”, “st” and “t”.

Results and Discussion

Cytological characters

Two species of Disporum smilacinum and D. sessile investigated commonly showed the chromosome
number of 2n = 16 at mitotic metaphase (Fig. 2). The chromosome number of 2n = 16 in D. smilacinum
was corresponded with the previous reports by Utech and Kawano (1974) and Tamura et al. (1992; Fig.
2A); and that of 2n=16 in D. sessile was corresponded with the previous reports by Kayano (1960a,
1960b), Noguchi and Kawano (1974), and Tamura (1992; Fig. 2B). The two species had commonly the
chromosome complements consisted of four m and twelve sm chromosomes (Fig. 3). However, there were
positional differences in the ordinal number by their length in m and sm chromosomes between the two
species: four m chromosomes were aligned at the 7th, 8th, 11th and 12th in D. smilacinum (Fig. 3A), while

those were aligned at the 3rd, 4th, 11th and 12th in D. sessile (Fig. 3B). These karyotypes in the present

Fig. 2. FISH-detected chromosomes at mitotic metaphase in two Disporum species investigated. A. D. smilacinum.
B. D. sessile. Arrows indicate rDNA sites, arrow heads indicate pericentric rDNA region. Bar indicates 10 um.
p g
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Fig. 3. Ideograms of two Disporum species investigated. A. D. smilacinum. B. D. sessile. Opened areas indicate long
arms; solid areas indicate short arms; grayish areas indicate rDNA sites.

study were similar to those reported by Tamura e al. (1992) and Kogi and Suzuki (1988).

In FISH using rDNA probes, the two species of Disporum commonly exhibited an rDNA sites on the
terminal region at the long arm of the two sm chromosomes (Fig. 2, arrows). Moreover, the rDNA sites
were detected on stretched-pericentric region of another two sm chromosomes in a complement of D.
smilacinum (totally four sites; Fig. 2A, arrowheads); and those exhibited were detected on the terminal
region at the short arm of the four sm chromosomes in a complement of D. sessile (totally six sites; Fig.
2B, arrows). Kogi and Suzuki (1988) reported that the shortest pair of m chromosomes possessed stretched
centromere in D. smilacinum. The pericentric rtDNA sites of D. smilacinum must be consistent with the

stretched centromere reported by Kogi and Suzuki (1988).

Interspecific variation between D. smilacinum and D. sessile

Previously rDNA sites at the pericentric region have been also reported in the other plant taxa, for
instance Microcycas A. DC. (Zamiaceae; Kokubugata and Kondo 1998), Oryza L. (Gramineae; Caperta
et al. 2002) and Crepidiastrum, x Crepidiastrixeris and Paraixeris (Compositae; Kokubugata and
Matsumoto 1999, Saito et al. 2003). Bennett (1995) hypothesized that the rDNA position at pericentric
region might be related with their origin of centromeric fusion in certain plant taxa. In the present study,
there are not enough data to explain karyotype evolution from D. sessile to D. smilacinum, but it is
possible to hypothesize that IDNA position at pericentric region may be an apomorphic character, and D.
smilacinum may be speciated from a common-ancestral taxon to D. sessile having no pericentric rDNA
sites with the centromeric fusion. Even if the m chromosomes with the pericentric rDNA of D.

similacinum was created by the centromeric fusion, the same chromosome number of 2n =16 of two
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Disporum species implicates that not merely a simple centromeric fusion but also the other chromosome
change, e.g. aneuploidization increasing chromosome number, could be related to speciation between the
two species. Further studies including molecular phylogeny analysis and comparing with other Disporum
species must clarify cytotaxonomic relationships between the two species.

Disporum smilacinum and D. sessile are found in similar habitats being shaded and slight moist,
e.g., under forest beside of stream or pond. Previously a hybrid (D. x hishiyamanum Kogi & Suzuki)
between D. smilacinum and D. sessile was found by Kogi and Suzuki (1988). They compared karyotype
of a hybrid with those of the two parent species, and not only morphologically but also cytotaxonomically
confirmed that D. x hishiyamanum could be a hybrid, because one of the shortest pair of sm chromosome
had stretched centromere as heteromorphy (Kogi and Suzuki 1988). The present FISH using rDNA probes
must be more useful marker to confirm the hybrid origin of D. x hishiyamanum.

In Taiwan, four Disporum species which is thought to be close to D. sessile occur, namely D.
kawakamii Hayata, D. nantouense S.S. Ying, D. shimadai Hayata and D. taiwanense S.S. Ying. Previously
chromosome numbers and karyotypes of D. kawakamii and D. shimadai were reported by Tamura ef al.
(1992). They mentioned that chromosome number of D. shimadai with 2n = 14 was different from that of
D. sessile; and a pair of chromosomes of D. kawakamii was karyomorphologically different from that of
D. sessile (Tamura et al. 1992). The FISH analysis might contribute to analyze the cytotaxonomic relation-

ships between D. sessile and Disporum members in Taiwan.
Acknowledgements

This study was conducted as a part of “Chromosome analysis of natural and artificial hybrid in genus
Disporum (Liliaceae)” supported by the Sasagawa Scientific Research Grant from The Japan Science
Society (YS); and projects of “Phylogenetic study of Disporum (Liliaceae) distributed in Taiwan and
Japan” (YS) and “Taxonomic and Conservation Studies on Endangered Plant Species in Japan” (GK &

YS) supported by the Interchange Association, Japan.

m B

F T2 & Disporum (L) E) O 28, 532 (D. smilacinum). =7 F v 277 (D.
sessile) DR324 P g B4k % 18S ribosomal DNA (tDNA)% 7’10 — 7 & L 72486 in situ
hybridization 5 THit L CTHELL 720 2 OGEMEEIL 2n =16 T, 4 8O FERE)FAT e ik,
12 AR FERBEARRGEEEDN SR EN TV, FIZYTIEABO Y ZFIVEND S b,
2 MBI BRBIEARERAL ISR ST — . AT F X 7 VT TR 6D Y 7 F VERI AR & iz,
KW CEHELITo/2F T2) LR F ¥ 7V 7%, 458 (DNA S DO5AG /3% — 12 X 1) BiRg
IZXBIE 4, 455 1DNA 7’80 — 7 % i/ FISH {255 1) B O ge b R OV F o) & ok
TF X sV R B TAMBEAR Y F Yy 7 F ) ORBERBEBICAENTH S Z LHIRBEN
726

References

Angiosperm Phylogeny Group, 2003. An update of the angiosperm phylogeny group classification for the orders and
families of flowering plants: APG IL Bot. J. Linn. Soc. 141: 399-436.




16 Y. Sarro and G. KOKUBUGATA

Bennett, S.T., IJ. Leitch and M.D. Bennett, 1995. Chromosome identification and mapping in the grass Zigeria
biebersteiniana (2n = 4) using fluorochromes. Chrom. Res. 3: 101-108.

Caperta, A.D., N. Neves, L. Morais-Cecilio, R. Malho and W. Viegas, 2002. Genome restructing in rye affects the
expression, organization and disposition of homologous rDNA loci. J. Cell Sci. 115: 2839-2846.

Chao, C.-Y., T.-I. Chuang and W.W.L. Hu, 1963. A cytotaxonomic study of the Disporum of Taiwan. Bot. Bull.
Academia Sinica 4: 80-89.

Chuang, H.-J. and C.-C. Hsu, 1974. A cytotaxonomical study on some Formosan Liliaceae. Taiwania 19: 58-74.

Kawano, S. and H. Takatsu, 2004. Disporum smilacinum A. Gray. In: S. Kawano (ed.) Life History Monographs of
Japanese Plant vol. 1. Hokkaido Univ. Press, Sapporo. pp. 25-32 (in Japanese with English abstract).

Kawano, S. and Y. Hori, 2004. Disporum sessile D. Don. In: S. Kawano (ed.) Life History Monographs of Japanese
Plant vol. 1. Hokkaido Univ. Press, Sapporo. pp. 33—40 (in Japanese with English abstract).

Kayano, H., 1960a. Chiasma studies in structural hybrids III. Reductional and equational separation in Disporum
sessile. Cytologia 25: 461-467.

Kayano, H., 1960b. Chiasma studies in structural hybrids IV. Crossing-over in Disporum sessile. Cytologia 25: 468—
475.

Kogi, E. and K. Suzuki, 1988. A new hybrid in Disporum (Liliaceae). J. Phytogeogr. Taxon. 36: 13-15 (in Japanese
with English abstract).

Kokubugata, G. and K. Kondo, 1998. Comparative karyotype analysis of Ceratozamia mexicana and Microcycas
calocoma (Zamiaceae) using fluorochrome banding (CMA/DAPI) and fluorescence in situ hybridization of
ribosomal DNA. Plant Syst. Evol. 210: 41-50.

Kokubugata, G. and S. Matsumoto, 1999. A chromosomal comparison of three species of Crepidiastrum, section
Suffruticosae (Asteraceae) by fluorescent in situ hybridization using ribosomal DNA probe. Chrom. Sci. 3: 105—
109.

Kubitzki, K., 1998. The Families and Genera of Vascular Plants, vol. 3, Springer, Berlin. p. 478.

Levan, A., K. Fredga and A.A. Sandberg, 1964. Nomenclature for centromeric position on chromosome. Hereditas
52: 201-220.

Melchior, H., 1964, Liliaceae. /n: H. Melchior (ed.), A Engler’s Syllabus der Planzenfamilien, vol. 2, Gebruder
Borntraeger, Belin. pp. 515-524.

Noguchi, J. and S. Kawano, 1974. Brief notes on the chromosomes of some Japanese plants (3). J. Jpn. Bot. 49: 76—
86.

Satake, Y., 1981. Liliaceae. In: Satake, Y., J. Ohwi, S. Kitamura, S. Watari and T. Tominari (eds.) Wild Flowers of
Japan. Herbaceous Plants IlI. Heibonsha, Tokyo. pp. 21-51 (in Japanese).

Saito, Y., G. Kokubugata, T. Katsuyama, W. Marubashi and T. Iwashina, 2003. Cytological comparisons of somatic
chromosomes in Crepidiastrixeris denticulato-platyphylla and its estimated parent species (Asteraceae). Chrom.
Sci. 7: 43-48.

Tamura, N.M., FH. Utech and S. Kawano, 1992. Biosystematic studies on the genus Disporum (Liliaceae) IV.
Karyotype analysis of some Asiatic and North American Taxa with special references to their systematic status.
Plant Sp. Biol. 7: 103-120.

Tamura, N.M., 2003. Retrospect and prospect of classification of Liliaceae sensu lato (Monocotyledonae) with special
references to the present state. J. Phytogeogr. Taxon. 51: 113-121 (in Japanese).

Utech, F.K. and S. Kawano, 1974. Biosystematic studies in Disporum (Liliaceae-Polygonatae) I. Karyotypic comparison
of D. sessile D. Don and D. smilacinum A. Gray from Japan. La Kromosomo 98: 3031-3045.

White, T.J., T. Bruns, S. Lee and J. Taylor, 1990. Amplification and direct sequencing of fungal ribosomal RNA genes
for phylogenetics. In: Innis, M.A., J.J.S. Gelfand and T.J. White (eds.), PCR Protocals: A Guide to Methods and
Applications. Academic Press, San Diego. pp. 315-322.



