The Soci ety of Chronpsone Research

Brief Report

Chromosome Science 7. 55-60, 2003

A comparative chromosomal study of three Rhodiola species (Cras-
sulaceae) collected in central Tianshan Mountains, Xinjiang, China

Tsuneo Funamoto', Katsuhiko Kondo?, De-yuan Hong?®, Song Ge®, Jian-feng Mao® and Hisakazu Ogura*

!Biological Institute, Showa Pharmaceutical University, 3-chome, Higashi-Tamagawagakuen, Machida City, Tokyo 194-8543,
Japan ; 2Laboratory of Plant Chromosome and Gene Stock, Graduate School of Science, Hiroshima University, Kagamiyama,
Higashi-Hiroshima City, Hiroshima 739-8526, Japan ; ®Laboratory of Systematic and Evolutionary Botany, Institute of
Botany, Chinese Academy of Sciences, Beijing 100093, The People’s Republic of China ; and *Laboratory of Biology, Faculty
of Education, Okayama University, Tsushimanaka, Okayama City, Okayama 700-8530, Japan

Received November 6, 2003/ Accepted December 26, 2003

Abstract.

Chromosomal characters of three Rhodiola species (R. gelida, R.

quadrifida and R. aff. litwinowii) collected in central Tianshan Mountains in Xinjiang,
China, had commonly the simple chromocenter type in the resting chromosomes and

the proximal type in the mitotic prophase chromosomes.

Rhodiola gelida and R.

quadrifida showed the chromosome number of 2n=20 and R. aff. litwinowii showed
the chromosome number of 2n=16. The chromosome numbers of R. gelida and R.
aff. litwinowii were reported here for the first time, and the chromosome number of R.
quadrifida verified the previous report. Rhodiola gelida and R. quadrifida had
monomodal (gradual) decrease in chromosome length from the largest to the smallest
chromosomes in alighment and R. aff. /itwinowii had bimodal decrease in chromosome

length.

Keywords : China, Crassualceae, Karyomorphology, Rhodiola, Xinjiang

Introduction

Rhodiloa L., the Crassulaceae, consists of approxi-
mately 90 species, is perennial, herbaceous, dioecious or
hermaphrodite (monoecious) and has thick rhizomes.
The members of the genus are distributed in the alpine
to the arctic regions of the Northern Hemisphere mainly
from Himalaya to West China and the Central Asia.
Ohba (1975) recognized 21 species in the genus in the
eastern Himalaya from Nepal, Sikkim, Tibet to Bhutan,
while Fu (1984) described 73 species in China. Fu and
Ohba (2001) revised Chinese Rhodiloa consisted of 55
species, of which 16 species were endemic to China and
13 species were distributed in Xinjiang Uygur Zizhiqu.

Chromosome numbers of nine species of Rhodiola
have been studied ; 2n=22 in R. atropurpurea (Zhu-
kova, 1965, 1967) and R. rosea (eg., Love and Love,
1956 ; Zhukova, 1966, 1980, 1982 ; Gadella and Kli-
phuis, 1970; Lavrenko and Serditov, 1987 ; Kochjar-
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ova and Bernatova, 1995), 2n=36 in R. integrifolia
(Love et al., 1971), 2n=42 in R. linearifolia (Zhukova,
1967), 2n=34 in R. stephanii (Zhukova, 1967), 2n=20,
22, 44, 66, 88 and 110 in R. bupleuroides (Wakabayashi,
1992 ; Ohba and Wakabayashi, 1993). Amano et al.
(1995) studied cytotaxonomically Rhodiola in Altai
Mountains, and reported 2n=14 in R. algida, 2n—24"in
R. elongata, 2n=20 in R. quadrifida and 2n=22 in R.
aff. quadrifida and R. rosea. Since only 10% members
of Rhodiloa species have been counted their chromo-
some numbers, many more cytological data are needed
to justify the cytotaxonomical relationship of Rhodiola.

Materials and methods

Seven samples of three RAodiola species were collected
in three sites of two localities in central Tianshan
Mountains, Xinjiang Uygur Zizhiqu, The People’s
Republic of China (Figs. 1 and 2; Table1). Those
three species were dioecious and seven samples collected
were all female plants. They were brought back to
Japan, and cultivated in pots in the shaded place in the
experimental garden of Showa Pharmaceutical Univer-
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Figure 1. Maps of collection sites in the central part of the Tianshan Mountains, Xinjiang, China. 1: No. |
glacier of Tianshan Mountains. 2: Qiaoerma Daban.
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sity. Chromosome observation were made in meris-
tematic cells of root tips, which were cut off in 5-10 mm
long and pretreated in 2 mM 8-hydroxyquinoline for 4
h at 20°C, and were then fixed in 45% acetic acid for 10
min at ca 2°C.  Then, they were macerated in a mixture
of 45% acetic acid and 1IN hydrochloric acid (1:1) for
20-23 sec at ca 60°C, and were stained in 2% aceto-orcein
for 30 min at room temperature in a chamber moistered
with 45% acetic acid and were squashed by the conven-
tional squash method. Measurements of somatic meta-
phase chromosomes of three RAodiola species were made
in several good metaphase cells.

Karyomorphological types of the resting and the
mitotic prophase chromosomes were classified according
to Tanaka (1971, 1977), and grouping of the mitotic
metaphase chromosomes by the centromeric positions
due to Levan et al. (1964). Taxonomical treatment
followed the system of Fu and Ohba (2001) in Chinese
Rhodiola. The voucher specimens were housed in
Funamoto’s personal herbarium in Showa Pharmaceuti-
cal University.

Results and discussion

Seven samples of Rhodiola gelida Schrenk, R.
quadrifida (Pallas) Schrenk, R. aff. litwinowii Brissova
collected in the central part of the Tianshan Mountains
in Xinjiang had the common karyomorphological char-
acters in their resting and mitotic prophase chromo-
somes ; the resting chromosomes of the simple
chromocenter type, that had several small heteropycnotic
bodies per nucleus (Fig. 3A, D, G); and the mitotic
prophase chromosomes of the proximal type, of which
the early condensed segments were confined to the
proximal regions of both short arms or only to the short
_ : arm, showing to the distal regions (Fig. 3B, E, H).
C ‘ Rhodiola gelida and R. quadrifida had the chromosome
number of 2n=20 (Fig. 3C, F) and R. aff. litwinowii had
the chromosome number of 2n=16 (Fig. 3I).
Intraspecific aneuploid or polyploid were not observed

Figure 2. Plants of three Rhodiola species collected.
A: R gelida. B: R quadrifida. C. R. aff. litwinowii

Table 1. Collection sites, sample and chromosome numbers of three Rhodiola species collected in the central part of the
Tianshan Mountains in Xinjiang, China

Sample Chromosome

Species Collection site number number (2n)

Section Chamaerhodiola
Series Quadrifida

R. gelida Schrenk Xinyuan County, Qiaoerma Daban, alt. 3,420 m 2 20
R. quadrifida (Pallas) Urumgqi County, No. 1 glacier of Tianshan Mountains,
3 20
Schrenk alt. 3,750 m
Series Fastigiatae
R. aff. litwinowii Brissova Urumgqi County, No. | glacier of Tianshan Mountains, 2 16
alt. 3,539 m
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Figure 3. Comparative karyomorphology of three
D-F: R. quadrifida (2n=20).
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in those three RAodiola species in this study. Thus, the
chromosome number of 2n=20 in R. gelida and 2n=16
in R. aff. litwinowii were reported here for the first time,
and the chromosome number of 2n=20 in R. quadrifida
supported the previous count by Amano et al. (1995).

Rhodiola gelida and R. quadrifida showed very simi-
lar karyotype characters such as the same chromosome
number (2n=20), the same sizes of the appropriate
chromosomes, all meidan-centromeric chromosomes of
the respective chromosome complement, and
monomodal (gradual) decrease in length from the lon-
gest to the shortest chromosomes in the respective chro-
mosome alignment (Fig.4A, B; Table2). The two
species are taxonomically placed in the same series
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G-1: R. aff. litwinowii (2n=16).
and H : Mitotic prophase chromosomes. C, F and I': Mitotic metaphase chromosomes.
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Rhodiola species observed. A-C: R. gelida (2n=20).

A, D and G: Resting chromosomes. B, E
Scale bar represents

Quadrifida (Fu, 1984). In contrast, R. aff. litwinowii
had different karyotype from the former two species and
placed in different series Fastigiatae (Fu, 1984); the
chromosome number of 2n=16, and the bimodal
decrease in length from the longest to the shortest chro-
mosomes in the chromosome alignment. With distinct
two largest chromosomes (Fig. 4C; Table2), a little
larger average chromosome length (2.47 ;m) than that
of the former two species (1.72 ym and 1.48 ym). The
largest size chromosome and the second largest size
chromosome had 1.4 to 1.6 times as long as in the third
size chromosome. The other 14 chromosomes from the
3rd to the 16th chromosomes showed gradual decrease
in length in the chromosome alignment (Fig. 4C).
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Figure 4. Karyotype comparisons of three Rhodiola species observed. A : R. gelida. B: R. quadrifida.
C: R. aff. litwinowii, Scale bar represent 3 ym.

Table 2. Karyotype comparisons of three Rhodiola species collected in the central part of the Tianshan Mountains in
Xinjiang, China

Chromosome length (yxm) Form
Chromosome Chromosome
Species number (2n) alignment Longest Shortest Total Average
roper {-n in length mean+SD mean+ SD mean+SD mean+ SD m
(Extremes) (Extremes) (Extremes) (Extremes)
R. gelida 20 monomodal 1.8+0.19 1.0+0.05 2524105 1.25+0.05 20
(gradual) (2.0-1.6) (1.1-1.0) (264-242) (1.32-1.21)
R. quadrifida 20 monomodal 1.5+0.06 09+0.11 227+033 1.14+0.02 20
(gradual) (1.5-1.4) (1.0-0.7) (23.0-222) (1.15-1.11)
R. aff. litwinowii 16 bimodal 2.6+0.32 1.3+0.05 282+ 1.15 1.76+0.07 16
(3.0-22) (14-1.3) (29.8-26.8) (1.87-1.68)
SD : standard deviation ; m: median-centromeric chromosome
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