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Karyological studies were carried out on ten populations comprising six species of 

 

Soroseris

 

 in the tribe Lactuceae
(Asteraceae), all endemic to the alpine Sino-Himalayan region and poorly known cytogenetically. The single species
of 

 

Stebbinsia

 

 (one population) and two species of 

 

Syncalathium

 

 (three populations) were also examined for the first
time. The basic chromosome number for the three genera is 

 

x

 

 

 

=

 

 8. 

 

Stebbinsia

 

 and most species of 

 

Soroseris

 

 are dip-
loids with 2

 

n

 

 

 

=

 

 2

 

x

 

 

 

=

 

 16 

 

=

 

 14m 

 

+

 

 2sm and have a karyotype asymmetry type 1A. Three species of 

 

Soroseris

 

 are tet-
raploid (2

 

n

 

 

 

=

 

 4

 

x

 

 

 

=

 

 32 

 

=

 

 28m 

 

+

 

 4sm). A karyotype of 2

 

n

 

 

 

=

 

 2

 

x

 

 

 

=

 

 16 

 

=

 

 14m(2SAT) 

 

+

 

 2sm with type 1A asymmetry was
found in 

 

Syncalathium kawaguchii

 

, and of 2

 

n

 

 

 

=

 

 2

 

x

 

 

 

=

 

 16 

 

=

 

 6m 

 

+

 

 10sm with type 2A asymmetry for two populations of

 

Syncalathium souliei

 

. The relationships between 

 

Soroseris

 

 and the other two genera are discussed. Our cytological
results suggest that polyploidy plays a minor role in the chromosome evolution of plants from the Himalayan moun-
tains and adjacent regions. © 2007 The Linnean Society of London, 

 

Botanical Journal of the Linnean Society

 

, 2007,

 

154

 

, 79–87.
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INTRODUCTION

 

Soroseris

 

 Stebbins is a small genus in the Asteraceae
tribe Lactuceae, with six to eight species, established
by Stebbins (1940) (see also Stebbins, 1953; Bremer,
1994; Shih, 1997). It is restricted mainly to the alpine
mountains of the Himalayan region and south-
western China, with three species, 

 

Sor. erysimoides

 

(Hand.-Mazz.) C. Shih, 

 

Sor. glomerata

 

 (Decne.) Steb-
bins, and 

 

Sor. hookeriana

 

 (C.B. Clarke) Stebbins,
extending into India, Sikkim, and Nepal. All members
of the genus occur in subalpine or alpine thickets,
meadows, and scree areas at altitudes ranging from
2800 to 5600 m (Shih, 1997). 

 

Soroseris

 

 is character-
ized by small, entire or pinnatifid leaves, narrow
involucres, with four to five inner bracts and florets,
the inner bracts becoming spongy-thickened at matu-
rity (Stebbins, 1940; Shih, 1997). The placing of 

 

Soros-

eris

 

 within the Lactuceae has been controversial. It
was placed in the 

 

Crepis

 

 subgroup of the 

 

Cichorium

 

group by Jeffrey (1966), but Bremer (1994) included it
in the subtribe Crepidinae together with the mono-
typic genus 

 

Stebbinsia

 

 Lipschitz. Two species,

 

Sor. chrysocephala

 

 C. Shih and 

 

Sor. qinghaiensis

 

 C.
Shih, were transferred to 

 

Syncalathium

 

 Lipschitz
based on their morphological similarity to other mem-
bers of that genus (Liu, 1996; Shih, 1997), leaving only
six species in 

 

Soroseris

 

, as circumscribed by Shih
(1997).

 

Stebbinsia

 

 was based on 

 

Sor. umbrella

 

 (Shih, 1997),
which Stebbins (1940) had placed in 

 

Soroseris

 

 sect.

 

Dubyaeopsis

 

. 

 

Stebbinsia

 

 differs from 

 

Soroseris

 

 by
having large, lyrate-pinnatifid leaves, large involucres
with 10–15 inner bracts and 15–40 florets, and by
the fact that the inner bracts are not thickened at
maturity.

 

Syncalathium

 

, a genus of eight to nine species,
occurs mainly in the Qinghai-Tibet Plateau of China
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and has been placed in the subtribe Lactucinae
(Bremer, 1994; Shih, 1997). It resembles 

 

Soroseris

 

morphologically and occurs in similar habitats, but
differs mainly in characteristics of its achenes, involu-
cre, and setae. 

 

Soroseris

 

 and 

 

Syncalathium

 

 are
cushion herbs, characterized by greatly expanded,
apparently hollow, stems and closely crowded heads.
They probably represent a convergence resulting from
adaptation to extreme habitats (Stebbins, 1940).

Studies on 

 

Soroseris

 

 have focused largely on mor-
phology (e.g. pollen structure, anatomy of the ovary
and stigma, and histological characters) and the phy-
tochemistry of a single taxon, 

 

Sor. erysimoides

 

 (Meng,
Zhu & Tan, 2000). Chromosome counts are scarce,
with only two species, 

 

Sor. gillii

 

 and 

 

Sor. glomerata

 

,
reported as having 2

 

n

 

 

 

=

 

 16 (Stebbins, 1940), in con-
trast to the large amount of cytological data on the
Lactuceae as a whole (Stebbins, Jenkins & Walters,
1953; Turner, Ellison & King, 1961; Tomb, 1977; Tomb

 

et al

 

., 1978; Jansen & Stuessy, 1980).
The value of cytological data in the study of plant

evolution and diversification has long been recognized,
especially for taxa occurring in extreme habitats such
as alpine mountains (Stebbins, 1950, 1971; Hong,
1990; Stace, 2000). Polyploidy is common in plants of
cold climates with harsh and stressful environments
(Löve & Löve, 1949, 1967; Grant, 1981). In a recent
study, however, Nie 

 

et al

 

. (2005) reported a relatively
low frequency of polyploidy in plants from the
Hengduan mountains of south-western China, which
have the harsh, alpine habitats in which 

 

Soroseris

 

 and
its relatives are found. As part of our effort to accu-
mulate cytological data from this area, we present

karyomorphological data for 

 

Soroseris

 

, 

 

Stebbinsia

 

,
and 

 

Syncalathium

 

 and investigate their possible sys-
tematic and evolutionary implications.

 

MATERIAL AND METHODS

 

Seeds were collected from 14 populations representing
nine species of the three genera under study (Table 1).
Voucher specimens are deposited in the Herbarium of
Kunming Institute of Botany (KUN). All cytological
observations were made from root tips. Seeds were
stored at 4 

 

°

 

C, soaked overnight in distilled water at
room temperature, and germinated on wet filter paper
in Petri dishes. Fresh root tips 

 

c

 

. 1 cm long were cut,
pretreated in 0.003 

 

M

 

 8-hydroxyquinoline solution at
22–23 

 

°

 

C in the dark for 6–8 h, then fixed with Car-
noy’s fluid (1 : 3 glacial acetic acid/absolute alcohol) at
approximately 4 

 

°

 

C for 2–5 h. They were then placed
in 70% ethanol for 10 min and rinsed in distilled water
twice for 

 

c

 

. 20 min. Prior to staining, the root tips were
hydrolysed in 1 : 1 1N HCl : 45% acetic acid at 60 

 

°

 

C
for 30 s, stained with 1% aceto-orcein overnight, and
squashed for cytological observation. Permanent
slides were made using the standard liquid nitrogen
method.

Observations were made of somatic mitotic inter-
phase, prophase, and metaphase. Karyomorphological
classification of the mitotic interphase nuclei and
prophase chromosomes follows Tanaka (1971, 1977,
1987), the designation of the centromeric position as
median (m) or submedian (sm) follows Levan, Fedga &
Sandberg (1964) and the karyotype asymmetry is clas-
sified according to Stebbins (1971).

 

Table 1.

 

Localities, altitudes, and voucher numbers of the investigated species of 

 

Soroseris

 

, 

 

Stebbinsia

 

, and 

 

Syncalathium

 

.
All collections were made from the Himalayan-Hengduan Mountains, except one population of 

 

Soroseris hirsuta

 

 from
Yaoshan in north-east Yunnan province, China

Taxon Locality
Altitude
(m) Voucher (KUN)

 

Soroseris erysimoides

 

 (H.-M.) C. Shih Yunnan, Deqin, Baimashan 4600

 

J. W. Zhang 003

 

Sichuan, Kangding, Zheduoshan 4500

 

J. W. Zhang 077
Soroseris gillii

 

 (S. Moore) Stebbins Yunnan, Zhongdian, Hongshan 4420

 

J. W. Zhang 008

 

Sichuan, Kangding, Zheduoshan 4400

 

J. W. Zhang 076
Soroseris glomerata

 

 (Decne.) Stebbins Tibet,Yangbajing, Xuegula 5500

 

J. W. Zhang 033

 

Yunnan, Deqin, Baimashan 4620

 

J. W. Zhang 005
Soroseris hirsuta

 

 (Anth.) C. Shih Tibet, Linzhi, Sejila 4450

 

J. W. Zhang & T. Y. Tu 138

 

Yunnan, Qiaojia,Yaoshan 3850

 

H. Wang et al. 1285
Soroseris hookeriana

 

 (C.B. Clarke) Stebbins Tibet, Nanmulin, Qiumupu 4950

 

J. W. Zhang & T. Y. Tu 213
Soroseris teres

 

 C. Shih Tibet, Yadong, Zelila 4200

 

J. W. Zhang 027
Stebbinsia umbrella

 

 (Franch.) Lipschitz Tibet, Yadong, Pali 4100

 

J. W. Zhang 032
Syncalathium kawaguchii

 

 (Kitam.) Y. Ling Tibet, Changdu, Damala 4650

 

J. W. Zhang & T. Y. Tu 129
Syncalathium souliei

 

 (Franch.) Y. Ling Yunnan, Deqin, Baimashan 4260

 

J. W. Zhang 002

 

Yunnan, Zhongdian, Hongshan 4400 J. W. Zhang 040
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RESULTS

INTERPHASE NUCLEI AND PROPHASE CHROMOSOMES

The interphase nuclei of Soroseris, Stebbinsia, and
Syncalathium analysed can be categorized based on
their shapes and the distribution patterns of chroma-
tin. In all three genera, the chromatin has an almost
homogeneous distribution throughout the nucleus,
forming a fibrous network of the chromonemata
(Figs 1–3). According to the system of Tanaka (1971,
1977), they can be categorized as the diffuse type.

The chromosomes at mitotic prophase stain darkly
and homogeneously, showing several small elastic
constrictions (Figs 4–6). There were no conspicuously
heterochromatic  or  euchromatic  segments  in  the
nine  species  of  the  three  genera.  Using  the system
of Tanaka (1971, 1977, 1987), the prophase chro-
mosomes of all three genera are classified as the
interstitial type.

CHROMOSOME COUNTS AND KARYOMORPHOLOGY

All species of Soroseris, Stebbinsia, and Syncalathium
have 2n = 16, except for Sor. gillii, Sor. glomerata, and
Sor. hirsuta, which have 2n = 32. Species of Soroseris
and Stebbinsia are similar to one another in chromo-
some morphology, with only median and submedian
centromeres. The karyotype asymmetry of these two
genera is categorized as type 1A. One population of
Syn. kawaguchii was also found to be type 1A, but
both populations of Syn. souliei were type 2A.
Metaphase chromosomes of the two species of Synca-
lathium are shown in Figures 18–20. Their detailed
parameters and karyotype formulae are listed in
Tables 2 and 3. Brief descriptions of the cytological
features of each species are as follows.

Soroseris erysimoides (Hand.-Mazz.) C. Shih
The Baimashan (Yunnan) and Zheduoshan (Sichuan)
populations share the same formula, 2n = 16 = 14m +
2sm. In both populations, the first pair of chromo-
somes is submetacentric. The ratios of the longest to
the shortest chromosome in the two populations are
1.36 and 1.18, respectively, and their karyotype asym-
metry is of type 1A (Figs 7, 8, 21A, B).

Soroseris gillii (S. Moore) Stebbins
Our somatic chromosome count of 2n = 16 agrees
with  the  report  by  Stebbins  (1940).  The  formula
for the population from Hongshan (Yunnan) is
2n = 16 = 14m + 2sm. The submetacentrics are the
longest pair (number 1). The Zheduoshan (Sichuan)
population is tetraploid, 2n = 32 = 28m + 4sm. The
two pairs with submedian centromeres are pairs 3
and 4. The ratios of the longest to the shortest chro-
mosome are 1.37 and 1.57, respectively, in the two

populations and the karyotype asymmetry is of type
1A (Figs 9, 10, 21C, D).

Soroseris glomerata (Decne.) Stebbins
The somatic chromosome number of 2n = 16 agrees
with that reported by Stebbins (1940) for Sor. pumila
(a synonym of Sor. glomerata). The population from
Xuegula (Tibet) has a formula of 2n = 16 = 14m + 2sm,
with chromosome pair 3 having its centromere in the
submedian position. The population from Baimashan
(Yunnan) has 2n = 32 = 28m + 4sm. The two pairs of
chromosomes with the submedian centromere position
are pairs 11 and 12. The ratios of the longest to the
shortest chromosome are 1.34 and 1.42 for the Xueg-
ula and Baimashan populations, respectively. The
karyotype asymmetry of both populations is classified
as type 1A (Figs 11, 12, 21E, F).

Soroseris hirsuta (Anth.) C. Shih
The Sejila (Tibet) population has a karyotype formula
of 2n = 16 = 14m + 2sm, with the first pair of chromo-
somes submetacentric. In contrast, the population
from Yaoshan (Yunnan) has 2n = 32 = 28m + 4sm,
with pairs 1 and 2 submetacentric. The ratios of the
longest to the shortest chromosome are 1.23 and 1.31,
respectively, and the karyotype asymmetry of the two
populations studied is of type 1A (Figs 13, 14, 21G, H).

Soroseris hookeriana (C.B. Clarke) Stebbins
The karyotype of the Qiumupu (Tibet) population is
2n = 16 = 14m + 2sm, with pair 6 submetacentric. The
ratio of the longest to the shortest chromosome is 1.41
and the karyotype asymmetry is of type 1A (Figs 15,
21I).

Soroseris teres C. Shih
Plants of the Zelila (Tibet) population have a karyo-
type formula of 2n = 16 = 14m + 2sm, with pair 3 sub-
metacentric. The ratio of the longest to the shortest
chromosome is 1.26 and the karyotype asymmetry is
of type 1A (Figs 16, 21J).

Stebbinsia umbrella (Franch.) Lipschitz
The karyotype of the Pali (Tibet) population is
2n = 16 = 14m + 2sm, with pair 1 being submetacen-
tric. The ratio of the longest to the shortest chromo-
some is 1.21 and the karyotype asymmetry is of type
1A (Figs 17, 21K).

Syncalathium kawaguchii (Kitam.) Y. Ling
The sample from the Damala (Tibet) population has a
formula of 2n = 16 = 14m(2SAT) + 2sm, with pair 4
submetacentric. Two satellites were observed in this
population, attached to the short arms of the eighth
pair. The ratio of the longest to the shortest chromo-
some is 1.55 and the karyotype asymmetry is of type
1A (Figs 18, 21L).
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Figures 1–20. Mitotic nuclei and metaphase chromosomes of species of Soroseris, Stebbinsia, and Syncalathium. Figs 1–
3. Mitotic interphase nuclei. Fig. 1. Sor. hookeriana (Qiumupu). Fig. 2. Steb. umbrella (Pali). Fig. 3. Syn. souliei (Baimas-
han). Figs  4–6. Mitotic prophase. Fig. 4. Sor. gillii (Zheduoshan). Fig. 5. Steb. umbrella (Pali). Fig. 6. Syn. souliei
(Baimashan). Figs  7–20. Mitotic metaphase. Fig. 7. Sor. erysimoides (Baimashan), 2n = 16. Fig. 8. Sor. erysimoides (Zhed-
uoshan), 2n = 16. Fig. 9. Sor. gillii (Hongshan), 2n = 16. Fig. 10. Sor. gillii (Zheduoshan), 2n = 32. Fig. 11. Sor. glomerata
(Xuegula), 2n = 16. Fig. 12. Sor. glomerata (Baimashan), 2n = 32. Fig. 13. Sor. hirsuta (Sejila), 2n = 16. Fig. 14. Sor. hirsuta
(Yaoshan), 2n = 32. Fig. 15. Sor. hookeriana (Qiumupu), 2n = 16. Fig. 16. Sor. teres (Zelila), 2n = 16. Fig. 17. Steb. umbrella
(Pali), 2n = 16. Fig. 18. Syn. kawaguchii (Damala), 2n = 16. Fig. 19. Syn. souliei (Baimashan), 2n = 16. Fig. 20. Syn. souliei
(Hongshan), 2n = 16. Scale bars = 5 µm.
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Figure 21. Karyotypes of Soroseris, Stebbinsia, and Syncalathium. A, Sor. erysimoides (Baimashan), 2n = 16. B,
Sor. erysimoides (Zheduoshan), 2n = 16. C, Sor. gillii (Hongshan), 2n = 16. D, Sor. gillii (Zheduoshan), 2n = 32. E,
Sor. glomerata (Xuegula), 2n = 16. F, Sor. glomerata (Baimashan), 2n = 32. G, Sor. hirsuta (Sejila), 2n = 16. H, Sor. hirsuta
(Yaoshan), 2n = 32. I, Sor. hookeriana (Qiumupu), 2n = 16. J, Sor. teres (Zelila), 2n = 16. K, Steb. umbrella (Pali), 2n = 16.
L, Syn. kawaguchii (Damala), 2n = 16. M, Syn. souliei (Baimashan), 2n = 16. N, Syn. souliei (Hongshan), 2n = 16. Scale
bar = 5 µm.



84 J.-W. ZHANG ET AL.

© 2007 The Linnean Society of London, Botanical Journal of the Linnean Society, 2007, 154, 79–87

Table 2. Somatic chromosome number (2n), basic chromosome number and ploidy level, karyotype formula (2n), karyotype
asymmetry (KA), locality, and data source of Soroseris and related genera examined in this and previous reports

Taxon
2n/basic no./ploidy
level

Karyotype
formula (2n) KA Locality Data source

Dubyaea hispida 16/8/2x  –  – Northern India Babcock et al. (1937)

Dubyaea oligocephala 16/8/2x  –  – India, Kashmir Babcock et al. (1937)

Soroseris erysimoides 16/8/2x 14m + 2sm 1A Yunnan, Deqin Present study
16/8/2x 14m + 2sm 1A Sichuan, Kangding Present study

Soroseris gillii 16/8/2x  –  –  – Stebbins (1940)
16/8/2x 14m + 2sm 1A Yunnan, Zhongdian Present study
32/8/4x 28m + 4sm 1A Sichuan, Kangding Present study

Soroseris glomerata 16/8/2x  –  –  – Stebbins (1940)
16/8/2x 14m + 2sm 1A Tibet, Yangbajing Present study
32/8/4x 28m + 4sm 1A Yunnan, Deqin Present study

Soroseris hirsuta 16/8/2x 14m + 2sm 1A Tibet, Linzhi Present study
32/8/4x 28m + 4sm 1A Yunnan, Qiaojia Present study

Soroseris hookeriana 16/8/2x 14m + 2sm 1A Tibet, Nanmulin Present study

Soroseris teres 16/8/2x 14m + 2sm 1A Tibet,Yadong Present study

Stebbinsia umbrella 16/8/2x 14m + 2sm 1A Tibet, Yadong Present study

Syncalathium kawaguchii 16/8/2x 14m(2SAT) + 2sm 1A Tibet, Changdu Present study

Syncalathium souliei 16/8/2x 6m + 10sm 2A Yunnan, Deqin Present study
16/8/2x 6m + 10sm 2A Yunnan, Zhongdian Present study

m, median; sm, submedian.

Table 3. Karyomorphological parameters of species of Soroseris, Stebbinsia, and Syncalathium. Chromosome pairs are
assigned Arabic numerals

Pair no. RL AR CI Type Pair no. RL AR CI Type

Soroseris erysimoides (Baimashan) Soroseris erysimoides (Zheduoshan)
1 12.90 1.73 36.58 sm 1 12.25 1.72 36.73 sm
2 12.35 1.47 40.49 m 2 12.45 1.47 40.56 m
3 12.05 1.22 45.23 m 3 11.95 1.19 45.61 m
4 12.00 1.31 43.33 m 4 12.35 1.09 47.77 m
5 11.65 1.08 48.07 m 5 11.20 1.15 46.43 m
6 11.20 1.59 38.84 m 6 10.90 1.06 49.54 m
7 10.65 1.27 44.13 m 7 10.50 1.44 40.95 m
8 9.50 1.12 47.37 m 8 10.40 1.36 42.31 m

Soroseris gillii (Zheduoshan) Soroseris glomerata (Baimashan)
1 14.90 1.31 43.30 m 1 21.20 1.42 41.27 m
2 14.20 1.24 44.72 m 2 18.55 1.46 40.70 m
3 14.25 1.94 34.04 sm 3 19.50 1.22 45.13 m
4 14.30 1.78 36.01 sm 4 19.50 1.32 43.08 m
5 13.05 1.40 43.30 m 5 18.90 1.63 38.10 m
6 13.10 1.45 40.84 m 6 17.75 1.69 37.18 m
7 13.20 1.64 37.88 m 7 18.10 1.03 49.17 m
8 12.45 1.52 39.76 m 8 17.95 1.08 48.19 m
9 13.00 1.13 46.92 m 9 17.75 1.50 40.00 m

10 12.90 1.13 46.90 m 10 17.25 1.48 40.29 m
11 12.20 1.05 48.77 m 11 17.40 1.76 36.21 sm
12 12.15 1.13 48.97 m 12 15.90 1.74 36.48 sm
13 11.90 1.59 38.66 m 13 16.70 1.17 46.11 m
14 11.45 1.46 40.61 m 14 15.90 1.10 47.80 m
15 10.20 1.62 38.24 m 15 17.15 1.39 41.98 m
16 9.50 1.58 38.95 m 16 14.90 1.43 41.28 m
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Table 3. Continued

Soroseris gillii (Hongshan) Soroseris glomerata (Xuegula)
1 13.25 1.76 36.23 sm 1 14.78 1.45 40.80 m
2 13.10 1.26 44.27 m 2 13.30 1.40 41.73 m
3 12.60 1.52 39.68 m 3 13.15 1.72 36.76 sm
4 12.55 1.65 37.77 m 4 12.45 1.42 41.37 m
5 11.95 1.08 48.12 m 5 12.40 1.19 45.56 m
6 10.65 1.11 47.42 m 6 12.15 1.06 48.56 m
7 10.60 1.52 39.62 m 7 12.05 1.13 46.89 m
8 9.65 1.27 44.04 m 8 11.00 1.34 42.27 m

Soroseris hirsuta (Yaoshan)
1 15.65 1.79 35.78 sm 9 13.35 1.28 43.82 m
2 14.80 1.74 36.49 sm 10 13.10 1.34 42.75 m
3 15.55 1.16 46.30 m 11 13.40 1.09 47.76 m
4 14.55 1.19 45.70 m 12 12.60 1.02 49.60 m
5 15.20 1.43 41.12 m 13 13.10 1.65 37.79 m
6 14.90 1.40 41.61 m 14 11.65 1.53 39.48 m
7 14.50 1.38 42.07 m 15 12.20 1.30 43.44 m
8 14.10 1.52 39.72 m 16 11.95 1.21 45.19 m

Soroseris hirsuta (Sejila) Soroseris hookeriana (Qiumupu)
1 13.60 1.80 35.66 sm 1 15.61 1.39 41.92 m
2 14.55 1.22 45.00 m 2 14.80 1.38 41.94 m
3 13.25 1.19 45.66 m 3 14.05 1.61 38.35 m
4 12.75 1.18 45.88 m 4 14.05 1.12 47.09 m
5 12.55 1.35 42.63 m 5 13.62 1.20 45.55 m
6 12.35 1.60 38.46 m 6 13.09 1.74 36.46 sm
7 11.35 1.05 48.90 m 7 11.86 1.18 45.98 m
8 11.05 1.51 39.82 m 8 11.11 1.36 42.33 m

Soroseris teres (Zelila) Stebbinsia umbrella (Pali)
1 12.20 1.37 42.21 m 1 14.20 1.81 35.56 sm
2 11.15 1.75 36.32 sm 2 14.20 1.07 48.24 m
3 11.80 1.46 40.68 m 3 13.75 1.19 45.82 m
4 10.75 1.39 41.86 m 4 13.00 1.13 46.92 m
5 10.80 1.08 48.15 m 5 12.75 1.04 49.02 m
6 10.75 1.34 42.79 m 6 12.50 1.40 41.60 m
7 10.45 1.49 40.19 m 7 12.25 1.23 44.90 m
8 9.65 1.30 43.52 m 8 11.75 1.24 44.68 m

Syncalathium kawaguchii (Damala) Syncalathium souliei (Baimashan)
1 16.14 1.22 45.13 m 1 15.55 2.49 28.62 sm
2 16.07 1.07 48.89 m 2 15.45 1.60 38.51 m
3 15.68 1.19 45.56 m 3 15.05 2.17 31.56 sm
4 15.32 1.80 35.67 sm 4 14.70 1.85 35.03 sm
5 14.64 1.29 43.52 m 5 14.20 2.55 28.17 sm
6 14.25 1.17 46.11 m 6 11.50 2.24 30.87 sm
7 11.93 1.27 44.01 m 7 10.60 1.47 40.57 m
8 10.43 1.65 37.67 m* 8 10.00 1.47 41.50 m

Syncalathium souliei (Hongshan)
1 14.65 2.12 32.08 sm
2 14.35 1.54 39.37 m
3 14.05 2.16 31.67 sm
4 13.65 2.37 29.67 sm
5 13.25 2.05 32.83 sm
6 11.55 1.72 36.80 sm
7 10.20 1.29 43.63 m
8 10.05 1.42 41.29 m

Pair no. RL AR CI Type Pair no. RL AR CI Type

RL, relative length; AR, arm ratio L/S (length of long arm/length of short arm); CI, centrometic index 100S/TL (100 × length
of short arm/total chromosome length); m, median region; sm, submedian region.
*Satellited chromosome.
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Syncalathium souliei (Franch.) Y. Ling
Populations from both Baimashan (Yunnan) and
Hongshan (Yunnan) have the same formula of
2n = 16 = 6m + 10sm. The metacentrics are pairs 2, 7,
and 8 in both populations. The ratios of the longest to
the shortest chromosome are 1.56 and 1.46, respec-
tively, and the karyotype asymmetry is of type 2A
(Figs 19, 20, 21M, N).

DISCUSSION

All six species of Soroseris examined exhibited inter-
phase nuclei of the diffuse type and a prophase chro-
mosome condensation pattern of the interstitial type.
The karyotype of 2n = 16 = 14m + 2sm for all six spe-
cies of Soroseris has not been reported previously.
Some populations of Sor. gillii, Sor. glomerata, and
Sor. hirsuta were also found to be tetraploid
(2n = 32 = 28m + 4sm). The karyotypes showed a pre-
dominance of chromosomes of uniform size with cen-
tromeres in a median position (Table 2). All the species
exhibited a karyotype asymmetry of type 1A according
to Stebbins (1971). No karyomorphological differences
were found among the taxa. The similarities of their
karyomorphology suggests that they are closely
related.

The karyotype of the sole species of Stebbinsia was
quite similar to that of Soroseris, with the same for-
mula of 2n = 16 = 14m + 2sm and a karyotype asym-
metry of type 1A (Table 2). The ratio of the longest to
the shortest chromosome in all seven species of these
two genera does not exceed 2.00, indicating that their
species have relatively low interchromosomal asym-
metry and a monomodal karyotype.

Our investigations of the interphase nuclei, mitotic
prophase chromosome morphology, and karyotypes
also support a close relationship between Soroseris
and Syncalathium. Syn. kawaguchii has a karyotype
formula  of  2n = 16 = 14m(2SAT) + 2sm,  with  type
1A asymmetry, whereas the two populations of
Syn. souliei examined have 2n = 16 = 6m + 10sm with
a 2A karyotype. The achenes of Syn. kawaguchii differ
from those of Syn. souliei in having five prominent
ridges (vs. only one nerve on each face). The karyo-
types found in Syncalathium are quite different from
the uniform karotypes of all species of Soroseris,
although Syn. kawaguchii has a chromosome number
and karyotype that are the same as those of Soroseris.

Tomb et al. (1978) suggested that x = 9 was the
ancestral basic chromosome number in the Lactuceae,
because it was encountered most frequently in the
tribe and occurred in primitive taxa of both the Old
and the New World. At the subtribal level, according
to the classification by Stebbins (1953), x = 9 occurs
in  five  of  the  eight  subtribes,  being  absent  only  in
the Scolyminae, Scorzonerinae, and Leontodontinae.

Turner et al. (1961) suggested that x = 4 or 5 should be
considered as the ancestral basic number in the
Lactuceae and Asteraceae as a whole and the basic
number of x = 9 should be regarded as derived via
amphiploidy. Mitotic numbers of 2n = 16 or 32 were
found in all of our counts from the Lactuceae, as well
as in previous reports by Tomb et al. (1978), including
2n = 16 (x = 8) in the primitive genus Dubyaea DC.
(Babcock, Stebbins & Jenkins, 1937; Tomb, 1977) and
2n = 16 in Sor. gillii and Sor. glomerata (Stebbins,
1940). The basic chromosome number of Soroseris,
Stebbinsia, and Syncalathium should thus be inter-
preted as x = 8, which may be derived from an ances-
tral basic number of x = 9 through dysploid reduction.

Assuming a basic number of x = 8, the chromosome
numbers of the species studied are diploid
(2n = 2x = 16), except for Sor. gillii, Sor. glomerata,
and Sor. hirsuta, which are all both diploid and tetra-
ploid (2n = 4x = 32). Our field observations suggest
that  the  leaves  are  larger  and  the  achenes  longer
in the tetraploid Baimashan population of
Sor. glomerata than in the diploid Xuegula population
(J.-W. Zhang & H. Sun, unpubl. data).

Polyploidy has been considered to play an important
role in plant speciation, especially in the harsh envi-
ronments of alpine regions (Hanelt, 1966; Löve &
Löve, 1967, 1975; Grant, 1981). Soroseris, Stebbinsia,
and Syncalathium are largely restricted to such hab-
itats in the Sino-Himalayan region, so we expected to
find relatively high levels of polyploidy among them.
However, of the 14 populations included in this study,
as well as the earlier reports (Stebbins, 1940), all but
three were found to be diploid, with only three species
of Soroseris having both diploid and tetraploid popu-
lations. This pattern is consistent with results found
in the 59 taxa studied from the Qinghai-Tibet Plateau
(Wu, Yang & Fei, 1995), as well as in Solms-laubachia
(Brassicaceae) (Yue et al., 2003, 2004), Tibetia
(Fabaceae) (Nie, Gu & Sun, 2002) and many other
groups studied. Our findings therefore agree with the
suggestion made by Nie et al. (2005) that polyploidy,
especially infrageneric polyploidy, has played only a
minor role in the evolution of the Hengduan Mountain
flora, unlike the global situation, where it is far more
common.
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