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Cytological studies of 14 Chinese species of Parnassia L. (Par-
nassiaceae) and its phylogenetic implications
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Abstract — The chromosome numbers and karyomorphology of 14 Chinese species of the genus Parnassia were in-
vestigated. The chromosome numbers of 11 species were reported for the first time. The report of 2n=48 for P.
monochrofolia Franch was new to the Chinese species of the genus. There are about 30 species cytologically studied
up to now. From the available data, the species of Parnassia with the basic chromosome numbers of x=7, 8 and 9
were found in China and the Himalayas, in which the more species with x=9, as well as mainly in western N America,
while x=8 was only found in eastern N. America. Polyploidization was common in the genus, more extensively in
Northern America. Based on our results and the previously reported data, the basic chromosome numbers and poly-
ploidization are discussed. Combined with gross morphology and geographical distribution of Parnassza, the phylo-
genetic implications of the cytological data are also discussed. It is suggested that eastern Asia and western N

America are probably the modern divergent centers of the genus.
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INTRODUCTION

Parnassia L. was treated in a family of its own,
Parnassiaceae (Gray 1821), which was not com-
monly recognized until HurcHinson (1969),
DAHLGREN (1983) and TakuTAJAN (1969, 1997).
As a subfamily, it had been belonging to a mem-
ber of Saxifragaceae for a long time (DaNDY 1927;
ENGLER 1930; THORNE 1976; DAHLGREN 1980;
CronquisT 1981; Ku 1987; Gu and HULTGARD
2001). In Parnassioideae, Parnassia was also in-
cluded in Droseraceae (PACE 1912; SCHOENAGEL
1931), and closely related to Hypericaceae (ARBER
1913, 1915; Jay 1971), or even Crassulaceae (BEN-
SEL and PALSER 1975). Recent molecular system-
atic studies revealed that Parnassiaceae, including
Parnassia and Lepturopetalon Ell. was a sister
group of Celastraceae (CHASE et al. 1995; Arc
1998; Sovtis et al. 2000; Aprc-1I 2003).

The genus Parnassia, comprising about 70 spe-
cies, occurred in the North Hemisphere, in which
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most species are growing in China and the Hima-
layas, with approximately 10 species in the North
America (Ku 1987; Gu and HuLTGARD 2001; S1M-
MOonNs 2004). The center of distribution of Parnas-
sza is in China and the Himalayan regions, to
which most species are endemic (Ku 1987; Wu ez
al. 2003).

Previous cytological studies of Parnassia have
investigated over 20 species in North America,
Europe and the Himalayas (ERLANDSSON 1942;
HameL 1953; Packer 1964; Zuurova 1966;
HepBerG 1967; Love and RrrcHie 1966; Gas-
ToNy and Sortis 1977; Bye and Sortis 1979;
Love and Love 1980, 1982; FunamoTro 1986).
Although as many as 63 species are distributed
in China (Gu and HurtGArp 2001), the chromo-
some counts have been only reported from
about nine species (LOVE 1954; KrROGULEVICH
1978; MURIN ef al. 1980; MALLA et al. 1979;
1981; FuNaMOTO et al. 1994; 1996; 1997; 1998;
2001). Cytological studies may contribute to dis-
cussions on evolutionary tends through chromo-
some changes (GUERRA 1990). As part of an in-
tegrated study on Chinese Parnassia, the present
paper reported the chromosome numbers and
karyomorphology of 14 species from China, in
which 8 species are endemic to China. The chro-
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mosome numbers of 11 species are reported for
the fist time.

MATERIALS AND METHODS

The materials studied with voucher specimens
were showed in Table 1. All species studied were
collected from fields of natural populations in
Yunnan, Sichuan and Xinjiang, some species col-
lected from the fields then cultivated for six to
twelve months in the Botanical Garden at Kun-
ming Institute of Botany, the Chinese Academy of
Sciences.

Table 1 — Species of Parnassia investigated.

Species Localities Vouchers

P. bifolia Tianshan, Xinjang Ding Wu 03019
P. brevistyla Wenzhang, Sichuan ~ Ding Wu 02014
P. chinensis Dali, Yunnan Ding Wu 02003
P. delavayi Lijiang, Yunnan Ding Wu 02004
P. epunctulata Qiaojia, Yunnan Ding Wu 03890
P. esquirolii Yiliang, Yunnan Ding Wu 03016
P. faberi Emeishan, Sichuan Ding Wu 02017
P. monochorifolia  Qiaojia, Yunnan Ding Wu 03022
P. mysorensis Lijiang, Yunnan Ding Wu 02010
P. pusilla Zhongdian, Yunnan ~ Ding Wu 03028
P. subscaposa Zhongdian, Yunnan ~ Ding Wu 03012
P. tenella Lijiang, Yunnan Ding Wu 02002
P. trinervis Degin, Yunnan Ding Wu 03064
P. venusta Gongshan, Yunnan Ding Wu 03022

Root tips were pretreated in 2 mM hydroxy-
quinolone for 4-6 hr at room temperate, and then
fixed in carnoy’s liquid (3 ethanol: 1 glacial acetic
acid) at 4 °C for 6-8 hr, finally kept in 70% etha-
nol. After maceration in 1N hydrochloric acid and
45% acetic acid (v/ v) for 40-50 seconds, materials
were stained with Carbol Fuchsin and squashed
for microscopic observation. Permanent slides
were made by using the standard liquid nitrogen
method.

Five individuals were investigated for each
species. Chromosome measurements were ob-
tained from the photographs of the best mitotic
metaphase plates of each species. The karyomor-
phological classification of the interphase and
prophase chromosomes followed Tanaka (1971;
1977). The symbols for the description of karyo-
types followed Leven et al. (1964). The symmetry
of karyotypes classified according to the Stebbins
(1971). Taxonomical treatment followed Gu and
HurtcArp (2001).

RESULTS

All fourteen species investigated shared the
same simple chromocenter type of the resting
chromosomes and the proximal type of mitotic
prophase chromosome (Figs 1A, 1B). They had a
common gradual chromosome decrease in length
from the longest to the shortest chromosomes at
mitotic metaphase chromosomes. The parameters
of chromosomes in the 14 species of Parnassia are

listed in Table 2.

Sect. Saxifragstrum Drude - Parnassia esquirolii
Level. The karyotype formula is 2n=18=16m
+2sm. The chromosome number was reported for
the first time. Metaphase chromosome ranging
from 2.8 yum to 1.6 pm, the ratio of the longest to
the shortest chromosome is ca. 1.8, and belonging
to Stebinns’2A type (Figs 1G, 2E). This species is
endemic to China and distributed in northeastern
Yunnan and western Guizhou.

Parnassia tenella Hook f. et Thomas. The
karyotype formula is 2n=18=16m+2sm. The chro-
mosome number was reported for the first time.
Metaphase chromosome ranging from 1.6 pm to
1.3 pum, the ratio of the longest to the shortest
chromosome is ca. 1.2, and belonging to
Stebinns’2A type (Figs 1E, 2C). It is distributed in
southwestern China, extending to Nepal and Sik-
kim.

Sect. Cladoparnassia Engl. - Parnassia faberi
Oliv. The karyotype formula is 2n=18=16m+2sm.
The chromosome number was reported for the
first time. Metaphase chromosome ranging from
2.4 pm to 1.9 um, the ratio of the longest to the
shortest chromosome is ca.1.3, and belonging to
Stebinns’2A type (Figs 1F, 2D). This species is en-
demic to China and distributed in central Si-
chuan, northeastern Yunnan.

Sect. Nectarobilobos Ku - Parnassia bifolia
Nekress. The karyotype formula is 2n=36=24m
+12sm. The chromosome number was reported
for the first time. Metaphase chromosome ranging
from 2.6 pm to 1.0 pm, the ratio of the longest to
the shortest chromosome is ca. 2.6, and belonging
to Stebinns’2B type (Figs 10, 2M). Distributed in
Xinjiang, Hazakhistan.

Sect. Nectarotrilobos Drude - Subsect. Xipho-
sandra Franch. - Parnassia brevistyla Hand.-
Mazz. The karyotype formula is 2n=14=12m
+2sm. The chromosome number corresponded
with the counts made by Funamoro, et al. (2001).



CYTOLOGICAL STUDIES OF CHINESE PARNASSIA

203

Table 2 — Chromosome comparison in the fourteen investigated species of Parnassia (RLR: relative length ratio;
P: percentage of chromosomes with arm ratio over 2:1; M: median region; SM: submedian; X: chromosome basic

number).
. Chromosome Chromosome P Symmetr;

Species numbers (2n) sizes (pm) RLR (%) ycIass g M SM X
Sect. Saxifragastrum
P. esquirolii 18 1.6-2.8 1.8 333 2A 16 2 9
P. tennella 18 13-1.6 1.2 16.7 2A 16 2
Sect. Cladoparnassia
P. faberi 18 1.9-24 1.3 11.1 2A 16 2 9
Sect. Nectarotrilobos 9
P. brevistyla 14 2.7-4.2 1.5 28.7 2A 12 2 7
P. delavay: 14 4.1-5.8 1.4 28.7 2A 12 2 7
P. chinensis 18 1.6-2.4 1.5 333 2A 14 4 9
P. epunctulata 18 2.0-3.1 15 44.4 2A 16 2 9
P. mysorensis 18 1.7-3.1 1.8 222 2A 14 2 9
P. pusilla 18 3945 1.2 11.1 2A 12 2 9
P. subscaposa 18 2135 1.7 222 2A 14 4 9
P. trinervis 18 1.9-3.0 1.6 11.1 2A 14 4 9
P. venusta 18 2.1-2.6 1.2 11.1 2A 16 2 9
Sect. Nectarobilobos
P. bifolia 36 1.0-2.6 2.6 29.1 2B 24 12 9
Sect. Allolobos
P. monochorifolia 48 0.8-1.8 2.3 45.8 2B 30 18 8

Metaphase chromosome ranging from 4.1 pm to
2.7 pm, the ratio of the longest to the shortest
chromosome is ca.1.5, and belonging to
Stebbins’2A type (Figs 1C, 2A). This species is en-
demic to China and distributed in southwestern
and northwestern China.

Parnassia delavayi Franch. The karyotype for-
mula is 2n=14=12m+2sm. The chromosome
number agrees with the counts made by Fu-
NAMOTO et al. (1998, 2001). Metaphase chromo-
some ranging from 5.8 pm to 4.1 pm, the ratio of
the longest to the shortest chromosome is ca.1.4,
and falling into Stebinns’2A type (Figs 1D, 2B).
The species is distributed in southwestern, north-
western and central China and Bhutan.

Sect. Nectarotrilobos Drude - Subsect. Nectarot-
rilobos Ku - Parnassia chinensis French. The
karyotype formula is 2n=18=14m+4sm. The chro-
mosome number was reported for the first time.
Metaphase chromosome ranging from 2.4 pm to
1.6 pm, the ratio of the longest to the shortest
chromosome is c. 1.5, and belonging to
Stebbins’2A type (Figs 1H, 2F). It is distributed in
southwestern China, extending to Bhutan, north-
ern Myanmar, Nepal and Sikkim.

Parnassia epunctala J. T. Pan The karyotype
formula is 2n=18=16m+2sm. The chromosome
number was reported for the first time. Met-
aphase chromosome ranging from 3.1 pm to 2.0
pm, the ratio of the longest to the shortest chro-

mosome is ¢. 1.5, and belonging to Stebbins2A
type (Figs 1K, 2I). This species is endemic to
China and distributed in northwestern Yunnan.

Parnassia mysorensis Heyhe. The karyotype
formula is 2n=18=14m+4sm. The chromosome
number was reported for the first time. Met-
aphase chromosome ranging from 3.1 pm to 1.7
pm, the ratio of the longest to the shortest chro-
mosome is c. 1.8, and belonging to Stebinns’2A
type (Figs 1], 2H). Distributed in southwestern
China, northern India, Sikkim.

Parnassia pusilla Wall. ex Arn. The karyotype
formula is 2n=18=14m+4sm. Metaphase chromo-
some ranging from 4.5 pm to 3.9 um, the ratio of
the longest to the shortest chromosome is c. 1.2,
and belonging to Stebinns’2A type (Figs 1N, 2L).
The species is distributed in southern Xizang,
Bhutan, northern India, Nepal, and Sikkim.

Parnassia subscaposa C. Y. Wu ex Ku The
karyotype formula is 2n=18=14m+4sm. The chro-
mosome number was reported for the first time.
Metaphase chromosome ranging from 3.5 um to
2.1 pm, the ratio of the longest to the shortest
chromosome is «c.1.7, and belonging to
Stebinns’2A type (Figs 11, 2G). This species is en-
demic to China and distributed in northwestern
Yunnan.

Parnassia trinervis Drude: The karyotype for-
mula is 2n=18=14m+4sm. The chromosome
number agrees with counts made by Funamoro,
et al. (1996). Metaphase chromosome ranging
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Fig. 1 — Karyomorphology of 14 Parnassia species. A: Resting state, B: Mitotic prophase, C: P brevistyla, D: P. del-
avayi, B: P. tenella, F: P. faberi, G: P. esquirolii, H: P. chinensis, 1: P. subscaposa, J: P. mysorensis, K: P. epunctulata, L:
P. venusta, M: P. trinervis, N: P. pusilla, O: P. bifolia, P: P. monchorifolia. All bar=3pm.
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from 3.0 pm to 1.9 um, the ratio of the longest to
the shortest chromosome is c. 1.6, and belonging
to Stebbins’2A type (Figs 1M, 2K). This species is
endemic to China and distributed in southwestern
and northwestern China.

Parnassia venusta Jien. The karyotype for-
mula is 2n=18=16m+2sm. The chromosome
number was reported for the first time. Met-
aphase chromosome ranging from 2.6 pm to 2.1
nm, the ratio of the longest to the shortest chro-
mosome is c. 1.2, and belonging to Stebbins2A
type (Figs 1L, 2J). This species is endemic to
China and distributed in northwestern Yunnan.

Sect. Allolobos Ku - Parnassia monochorifolia
French. The karyotype formula is 2n=48=30m
+18sm. The hexaploid chromosome number was
reported for the first time in China. Metaphase
chromosome ranging from 1.8 pm to 0.7 pm, the
ratio of the longest to the shortest chromosome is
ca.2.3, and belonging to Stebinns’2B type (Figs
1P, 2N). This species is endemic to China and dis-
tributed in northeastern Yunnan.

DISCUSSIONS

1. Basic Chromosome Number Variation - The
basic chromosome number is of importance to
determine the systematic position of a taxon at
higher taxonomic level (RAVEN 1975). As showed
in Table 3, together with previously studied spe-
cies, the chromosome numbers of about 30 spe-
cies in the genus Parnassia were presently known,
representing about 41% of the total number of
species in the genus. Based on previous reports
and our own studies, there are three basic chro-
mosome numbers (z.e. x=7,8, and 9) in Parnassia
(FunaMOTO et al. 1998; SiMMONs 2004).

The genus Parnassia might be divided into
three groups, based on the chromosome base
number. The first group with the basic chromo-
some number of x=9 was reported from about 20
species, accounted for more than 70% of species
studied, and including type species of Parnassia,
i.e. P. palustris. There were obvious differences in
morphology among species, especially in the floral
characteristics. These species distributed in N
America had most highly elaborated and
branched staminodia, while those in E Asia were
with staminodia unlobbed or, when deeply
lobbed, rarely more than half their length (Ku
1987; Wu et al. 2003). The second group included
five species with the basic chromosome number
x=8, led from 2n=32 and mainly distributed in N

America. Two species with the same basic chro-
mosome numbers were distributed in China, Par-
nassia yunnunensis var. longistipitata, which was
of low and small, 3 minutely lobed staminodia.
(Funamoro et al. 1998), and P. monochorifolia be-
ing with flat five-lobed staminodia. The third
group with the basic chromosome number x=7 in-
cluded P. brevistyla and P. delavayi, both from the
Himalayas and SW China. Their fertile stamens
were with the anther connection elongated be-
yond the anther sacs. Based on this character
state, FRENCHET (1897) proposed an alternative
intrageneric classification, by dividing the genus
into two sections, one of which consisted of P. de-
lavayi and P. brevistyla. However, the odd differ-
ence of the chromosome base number in an Asian
species P. wightiana (2n=36, MALLA et al. 1981,
2n=14, Funamoro et al. 1998) suggested that P.
wightiana needed to be reinvestigated by using
material from different localities.

The center of diversity for Parnassia is in E
Asia, especially in China and the Himalayas where
the majorities of the species occur (PHILLIPS 1982;
Ku 1987; 1995; Wu et al. 2003). Most species
with the basic chromosome number of x=9 were
distributed in East Asia. Two species in North
America had the same chromosome number, one
being P. palustris which is the most widespread
species of the genus, with populations in North
America, Europe, and Asia, and south to Mo-
rocco (Korta 1972), the other being P. kotzebuer,
which is distributed across Siberia and western
North America. The chromosome numbers of P.
glauca is very interesting, with two basic chromo-
some numbers x=8 (GasToNy and Sortis 1977),
and 9 (LOVE and Love 1977).

A second center of diversity is in N America
where 10 species occur (PuiLLips 1982; Ku 1987
1995; Wu et al. 2003). Parnassia townsedii is the
southernmost species and is endemic to the Sierra
Madre Occidental of Mexico (ByE and Sortis
1979). The basic chromosome number of the
western North America species is x=9 (PACKER
1964; Bye and Sortis 1979; JORGENSON et al.
1977; LOove and RrrcHie 1966; FunamoTo et al.
1998), while the eastern N America species have a
basic chromosome number of x=8 (GasTony and
Sortis 1977; LOvE and RrrcHie 1966). It was sug-
gested that the eastern species were more highly
divergent from the western N America and Asian
species (PHILIPS 1982).

Based on the distribution of the three basic
chromosome numbers, together with the morpho-
logical evidence, it is suggested here that X=9
might be original basic chromosome number in
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Table 3 — Chromosome numbers and geographical distributions of Parnassia species

Chromosome

Species Numbers (2n) Distributions References
Sect. Saxifragstrum.
P. esquirolii 2n=18 NE Yunnan, W Guizhou The present study
P. tenella 2n=18 SW China; Nepel, Sikkim The present study
P. yunnanensis var. longistipitata 2n=32 SW Yunnan, W Sichuan FuNaMOTO et al. 1997
Sect. Cladoparnassia
P. faberi 2n=18 C Sichuan, NE Yunnan The present study
Sect. Nectarobilobos
P. bifolia 2n=36 Xijiang; Kazakhstan The present study
Sect. Nectarotrilobos
P. brevistyla 2n=14 SW, NW China The present study
P. acuminum 2n=18 W Sichuan, S Qinghai FuNAMOTO et al. 1998
P chi . 2n=18 SW China; Bhutan, N Myanmar, The present study
- DN Nepal, Sikkim
pal,
P. delavay: 2n=14 SW, NW, C China; Bhutan The present study
P. epuenctulata 2n=18 NW Yunnan The present study
P laxianii 2n=18, 36 C Xinjiang; Kazakhstan, Mongolia, KroGurLevicH 1978
- laxianii Si-beria
P. mysornsis 2n=18 SW China; N India, Sikkim The present study
P nubicola 2n=18 SW. China; Afghanistan, Bhptan, HAMEL 1953
India, Kashmir, Nepal, Pakistan
P. oreophila 2n=18, 36 NW, N China FunaMoTo et al. 1994; 1996
P. pusilla 2n=18 g_i(li;ang; Bhutan, N India, Nepal, The present study
ikkim
P. scaposa var. yushuensis 2n=18 W Sichuan, S Xizang, S Qinghai FUNAMOTO et al. 1996
P. subscaposa 2n=18 NW Yunnan The present study
P trinervi 2n=18 NW Yunnan, Sichuan, Xizang, The present study
. trinervis . .
Qinghai, Gansu
P. venusta 2n=18 NW Yunnan The present study
P. viridifolia 2n=18, 36 SW, NW China FunaMoTo et al. 1998; 2001
Sect. Allolobs
P. monochorifolia 2n=48 NE Yunnan The present study
P. wightiana 2n=36 SW, NW, C China; SE Asia MALLA et al. 1981
2n=14 FUNAMOTO et al. 1998
Sect. Parnassia
P. asarifolia 2n=32 Eastern N America LovE and Rrrcuie 1966
Gasrony and Sovtis 1977
P. caroliniana 2n=32 Eastern N America Gasrony and Sortis 1977
P. fimbriata 2n=36 Western N America PAckER 1964; TAYLOR
and BRoCHMAN 1966
P. glauca 2n=32 Eastern N America Gastony and Stortis 1977
2n=36 L6ve and L6vE 1977
P. grandifolia 2n=32 Eastern N America L6ve and RrrcHIE 1966
Pk . 2n=18, 36 Western N America; Si-beria JORGENSON et al. 1958; JOHNSON
. kotzebuei
and PACKER 1968
P . 2n=18,27, N America; Europe; C Asia FuNaMoOTO et al., 1998
. palustris 36,4554
P. townsedii 2n=36 Western N America Bye and Sort1s 1979

Parnassia, and x=8 and x=7 were derived from it
by means of chromosome reorganization (such as
chromosome fission, fusion and dysploidy). It is
noted that the basic chromosome number x=7 is
only reported in China. There is a tendency the
chromosome number decrease (in evolution line)
in the genus. However, further evidence is needed

to test this hypothesis.

2. Polyploidization - Polyploidization has oc-
curred extensively during the evolution of an-
giosperms (STEBBINS 1971; GRANT 1981; MASTER-
soN 1994; Ku et al. 2000). The importance of
polyploidy as an active process was manifested by
the estimated number of speciation events, as
many as 2-4% (Orto and Wairron 2000) and

historical success of polyploidy in different floras
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Fig. 2 — The haploid ideograms of 14 Parnassia species. A: P. brevistyla, B: P. delavayi C: P. tenella, D: P. fabers, E: P.
esquirolii, F: P. chinensis, G: P. subscaposa, H: P. mysorensis, I. P. epunctulata, ]: P. venusta, K: P. trinervis, L: P. pu-
stlla, M: P. bifolia, N: P. monchorifolia.

(SteBBINS 1971). In Parnassia, as showed in Table Parnassia palustris is with wide geographical
3, polyploidization appeared frequently, as many  distribution throughout most of the Holarctic re-
as 50 % of the observed species were polyploids. gion. It includes diploid, triploid, tetraploid, pen-
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taploid, and hexaploid individuals (2n=18, 27, 36,
45, and 54) (FuNnaMoOTO et al. 1998 and references
cited therein). Other species with both diploids
and tetraploids are P. kotzebuei from Siberia and
N America (2n=18 and 36) (JORGENSON et al.
1958; LovE and Rrrcuie 1966), Parnassia laxma-
nii from northern Asia extending to Xinjiang (2n=
18 and 36) (KroGULEvICH 1978; MURIN ef al.
1980), Parnassia oreophyla from China (2n=18
and 36) (Funamotro et al. 1994; 1996), Parnassia
viridifolia from China (Funamoto et al. 1998;
2001). The tetraploids have been considered to be
autoploids (e.g., P. oreophyla, FunamoTo et al.
1996; P. palustris, WENTWORTH and (GORNULL
1996) or intraspecific hybrid polyploidy (e.g. P.
palustris, HULTGARD 1987). Furthermore, the only
difference in gross-morphology between diploid
and tetraploid populations of P. palustris are the
generally larger pollen grains and seeds in tetra-
ploids (HurtcArp 1987). RobpriGUEz (1996)
pointed out that demographic stochastic and iter-
oparity of a polyploidy can enhance its chance of
successful establishment in a diploid population.
This difference in colonizing ability between cyto-
types might have helped autotetraploids to escape
minority cytotype exclusion in diploid parental
populations after the last glaciation. For instance,
in Britain and Scandinavia, diploid populations of
P. palustris have a southern distribution, whereas
tetraploid populations have a more northern dis-
tribution (HuLTGARD 1987; WENTWORTH and
GoORrNALL 1996). The tetraploids of P. palustris ap-
pear to be autopolyploids with no significant re-
duction in fertility (WENTWORTH and (GORNALL
1996), which were better than the diploids to
spread north as the glaciers receded.

However, the present study revealed that most
of the 14 studied species were diploids, mostly
2n=18, except for P. brevistyla and P. delavayi with
2n=14. In this report, two polyploids were P. bifo-
lza from Xinjiang and Kazakhstan (2n=4x=36),
and P. monochorifolia from northeastern Yunnan
(2n=6x=48). The only other tetraploids was P.
yunnanensis var. longistiptata with 2n=32 from
southwestern Yunnan and western Sichuan (Fu-
NAMOTO et al. 1997). Obviously, fewer polyploids
were reported in China, especially in southwestern
China. Out of the 10 species distributed in N
America, eight species including the Holarctic P.
palustris were all polyploids (Table 3). Although
most species distributed in Asia, only 6 species out
of the 20 studied species were polyploidy (P. lax-
manii 2n=18, 36, P. oreophyla 2n=18, 36, P. viridi-
folia 2n=18, 36; P. yunnanensis var. longistiptata
2n=32; P. bifolia 2n=36 and P. monochorifolia

2n=48). At present, only 20 out of the 63 of the
Chinese species were studied, but it seems that the
Asian species of Parnassia have been adopted a
different evolutionary strategy from those of the
North American species. As mentioned earlier, all
three basic chromosome numbers were reported
in Asia, while only x=9 and 8 were reported in N
America.The polyploidization of the genus needs
further study.

The fact that the tetraploid species were
mostly distributed in N America, whereas dip-
loids were mostly distributed in Asia, especially in
the mountains of SW China implied that the
mountains of SW China is the center of diversifi-
cation. This area was considered to be one of the
world’s “hot spots” of biodiversity (MyERs 1988;
Bourrorp and Van Dyk 1999; MYERS ef al.
2000). More than 60% species of the genus were
distributed in these mountains, accounted for
about 80% species in China (Ku 1987; 1995).

3. Karyotype Evolution - Parnassia grows in tem-
perate to arctic region, preferentially in open,
moist habitats, from shore meadows to mountain-
sides. It is easy distinguished by the basal rosette
of levels, generally with long peduncles, single-
flowered inflorescences, penta-merous flowers,
commissural stigmas, and the presence of stami-
nodia opposite to petals. The classification of the
genus heavily based on the shape of staminodia
and the petals (DrUDE 1875; ENGLER 1930; HAN-
DEL-MazzeTTI 1941; KU 1987; 1995; WU et al.
2003).

Firstly, karyomorphology in Parnassia is more
or less symmetric. Most studied species were with
karyotype of Stebbins’ 2A type. This is similar to
that of P. accuminum (Funamoro et al. 2001),
which had median-centromeric chromosomes of
the chromosome complements in centromeric po-
sition at mitotic metaphase, while the other spe-
cies had median- and submedian- centromeric
chromosome. Obviously, the karyomorphology of
P. accuminum was symmetric. According to STEB-
BINS (1971), it is postulated that the karyotypes of
Parnassia may have evolved towards the decrease
of symmetry by the increase of median-centro-
meric chromosome in the chromosome comple-
ments. Second, it seems that the basic chromo-
some number x=7 in P. brevistyla and P. delavayi
(both of the Sect. Nectarotrilobos) were caused by
chromosome fusion. Both species had relatively
larger chromosomes (see Table 2). For instance,
the chromosomes of P. brevistyla are about twice
larger than those of P. chinensis of the same sec-
tion. Parnassia delavayi showed the chromosome



CYTOLOGICAL STUDIES OF CHINESE PARNASSIA

209

size twice larger than those of P. viridiflora (Fu-
NAMOTO et al. 1998), also the same section. The
other seven species in Sect. Nectarotrilobos, all
with smaller chromosomes, were with the basic
chromosome number x=9.

4. Karyotype and Classification - Several different
classifications were proposed for Parnassia
(Drupe 1875; Francuer 1897; ENGLER 1930;
HaNDEL-MazzeTTI 1941; KU 1987; 1995; WU et
al. 2003). Drude (1875) recognized four sections
based on characteristic of the staminodes, ovary
position, and carpel numbers. Ku (1987; 1995)
recognized nine sections for the Chinese species.
PrrLips (1982) recognized two sections for the N
American species. In spite of the accumulating
molecular data, chromosome information contin-
ues to be important in assessing phylogenetic rela-
tionships (CARR ez al. 1999). Although the cyto-
logical data on Parnassia is not complete, it was
concluded that the basic chromosome numbers
for the genus are x=7, 8 and 9. Members of sec-
tion Parnassia are primarily distributed in N
America. Although P. kotzebei also extends into
Siberia and P. palustris occurs throughout much
of N America, Europe, and Asia. It was consid-
ered that Sect. Parnassia could be divided into
two sections according to the basic chromosome
numbers and geographical distributions (PHiLiPs
1982).

In addition, Parnassia delavayi and P. brevi-
styla possessed the feature of 3-lobed staminodia,
were placed in Sect. Nectarotriolbos (DRUDE 1875;
ENGLER 1930; HaANDEL-MazzETTI 1941; KU 1987;
1995). However, the basic chromosome number
for P. brevistyla 2n=14) and P. delavay: (2n=14)
is x=7. These species are restricted to China and
Himalayas. The other characteristics were that
their anther connectives elongated beyond the an-
ther sacs. It was suggested that the both should be
erected to a section of their own, as proposed by
FrancHET (1897) and Wu et al. (2003).
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