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Cytological study of six Salvia species (lamiaceae) from
the Hengduanshan Mountains region of China
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Abstract — Salvia is a genus with surprisingly diverse chromosome numbers. In this paper six species were cytologi-
cally studied from Hengduanshan Mountains region, where is one of two diversification centers of the genus. S. prze-
walskii var. przewalskii is a tetraploid with the chromosome number of 2n=4x=32, other five species are the diploids
with chromosome numbers of 2n=2x=16. The basic chromosome number x=8 was inferred for all species studied,
which was different from x=7, 11 and 16 reported for species of the genus distributed in other regions. Several recent
cytological studies on different groups from Hengduanshan Mountains region showed that only few polyploids in-
fers that variation of karyotype structure at the diploid level seems to play a leading role and sympatric speciation via
hybridization and polyploidization has played a minor role in speciation of some groups in Hengduanshan Moun-
tains region.
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INTRODUCTION

The genus Salvia L., with about 900 species
(Mabberley 1998), is probably the largest member
of the family Lamiaceae. Species of the genus widely
distributed in tropical and temperate areas of both
Old and New World. Western Asia and Mediterra-
nean regions are considered to be its two distribu-
tional centers (Wu & Li 1982). Ca. 84 species are
distinguished in China. Of which, about 70 species
are endemic to China, and most species distributed
in the Hengduanshan Mountains region (Li &
Hedge 1994). Fujita (1970) suggested that Salvia is
the most primitive genus in the family Lamiaceae
based on its basic chromosome number 11, the high-
est basic chromosome number of the family. Wu and
Li (1982) considered that salvia is more advanced
and specialized group for its floral adaptation to in-
sect visitors.

There are several cytological reports on the ge-
nus from Europe, America and Asia (Gill 1970,
1971, 1984; Patudin et al. 1975; Sarkar et al. 1975;
Afzal-Rafii 1976; Reveal and Moran 1977; Bhat-

tacharya 1978; Kief and Van Loon 1978; Haque

and Ghoshal 1980; Mercado et al. 1989; Harley

and Heywood 1992; Del Carratore and Garbari

1996). The previous data indicated surprisingly di-
verse chromosome numbers in the genus. The genus
seems to be polybasic, with different groups of spe-
cies in different parts having polyploid origins. Spe-
cies distributed in Mediterranean region seem to be
mainly characterized by basic chromosome number
of x=7 (Afzal-Rafii 1976), those in Europe and
Russia by x=11 (Patudin et al. 1975), those in Cali-
fornia by x=16 (Epling et al. 1962), those in Mexi-
can by x=11 (Reveal and Moran 1977; Palomino

et al. 1986). Although some researchers (Gill 1970,
1984; Haque et al. 1980; Bhattacharya 1978) did
chromosome studies on Salvia from the West-Hima-
layas, the cytological data of the genus from the
Hengduanshan Mountains region are still poorly
known. Moreover, the Hengduanshan Mountains
region is considered to be one center of speciation
and diversification of Salvia (Wu and Li 1982). The
cytological studies were thought desirable to work
out the principal mechanism involving speciation
and evolution as well as to find out affinity and phy-
logeny among the members of the genus. Most al-
pine plants outside Asia have been found to be di-
versified via hybridization and polyploidization dur-
ing Quaternary climatic change (Stebbins 1984). Cy-
tological information may also help in breeding and
horticultural works, for important horticultural and
medicinal value of some species of the genus. The
main aim of this research is to confirm the basic
chromosome number of Salvia and to discuss the
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speciation pattern in Hengduanshan Mountains re-
gion.

MATERIALS AND METHODS

The materials for cytological analysis here were
introduced and cultivated in Kunming Botanical
Garden (Table 1). Voucher specimens were depos-
ited at the herbarium of Kunming Institute of
Botany, Chinese Academy of Sciences (KUN).

For the observations of somatic chromosomes,
the growing root tips were pretreated in 0.05% col-
chicine solution at room temperature for 3h, and
were then fixed in acetic alcohol (3:1=absolute etha-
nol and glacial acetic) at 40C for 30 minutes. They
were macerated in 1:1 mixture of 1mol/L hydrochlo-
ric acid and 45% acetic acid at 600C for 10 minutes
and then were stained and squashed in 1% aceto-or-
cein solution before observation.

Karyomorphological observations were made on
chromosomes at resting stage and mitotic prophase
and metaphase, and their classifications followed
Tanaka (1971, 1977). Karyotype formulas were
based on the data of measurements of mitotic-met-
aphase chromosomes from photomicrographs. The
nomenclature used to describe the karyotype fol-
lowed Levan et al. (1964). The classification of
karyotype asymmetry followed Stebbins (1971).

RESULTS

The chromosomes at resting stage and mitotic
prophase as well as metaphase of six species exam-

ined were shown in Figures 1. The morphology of the
chromosomes at resting stage and mitotic prophase
of three species were the same. The characteristics of
karyotypes were summarized in Table 2.

In the nuclei at resting stage, several darkly
stained heteropycnotic bodies, which were irregu-
larly protruded, were clearly observed. The other re-
gion was just very dilutely stained, so the boundary
of the bodies was rather distinct (Fig.1: A). Thus, the
karyomorphology of the nuclei at resting stage was
categorized to be simple chromocentre type.

In the mitotic prophase chromosomes, hetero-
and euchromatic segments were distinguishable, and
heterochromatic segments were mainly distributed
in the proximal regions (Fig.1: B). The morphology
of mitotic prophase chromosomes was categorized
to be the proximal type.

1. S. flava Forrest - This species is endemic to the
Hengduanshan Mountains region, and two varieties
under this species have been distinguished in China,
namely S. flava var. flava,and S. flava var. megalan-
tha. S. flava var. falva showed the chromosome
number of 2n=16 at mitotic metaphase ranging in
length from 1.36 to 2.56 µm (Fig.1: C and Fig.2: A)
The chromosome complement at mitotic metaphase
consisted of 16 submedian-centromeric chromo-
somes. Karyotype asymmetry was estimated as the
Stebbins’ 3A.

2. Salvia digitaloides var. digitaloides Diels - This spe-
cies is endemic to the Hengduanshan Mountains re-
gion, and two varieties under this species have been
distinguished in China. S. digitaloides var. glabres-
cens is widely distributed in the region with altitudes
of 2300∼ 2500 m in southwest China, and S. digita-

Table 1 — Origin of materials

Taxon Locality Altitude (m) Voucher

Salvia digitaloides var. digitaloides Zhongdian,Yunnan 3350 ZY Yang 02191
S. przewalskii var. przewalskii Lijiang, Yunnan 2800 ZY Yang 02221
S. castanea Lijiang, Yunnan 2900 ZY Yang 02229
S. flava Zhongdian,Yunnan 3400 ZY Yang 02234
S. trijuga Zhongdian,Yunnan 3400 ZY Yang 02110
S. yunnanensis Eryuan,Yunnan 2100 ZY Yang 02112

Table 2 — Chromosome number (2n) and karyotypes

Species 2n Karyotype Asymmetry

S.flava 16 16sm 3A
S. digitaloides var. digitaloides 16 16m 3B
S. trijuga 16 8m(1sat)+4sm+4st 2A
S. castanea 16 2m+4sm+10st 3B
S. yunnanensis 16 6m(1sat)+8sm+2st 2A
S. przewalskii var. przewalskii 32 24sm +8st 3B
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loides var. digitaloides with white tomentulose is a
substitute taxon of the former and only distributed
in the alpine region with altitudes of 2500∼ 3400 m in
northwest Yunnan province. S. digitaloides var.

digitaloides showed the chromosome number of
2n=16 at mitotic metaphase ranging in length from
1.18 to 3.07 µm (Fig.1: D and Fig.2: B). The chromo-
some complement mitotic at metaphase consisted of

Fig. 1 — A. The resting nuclear of Salvia flava. B. The prophase of S. flava. C-H. The metaphase chromosomes of six species in
Salvia. C) S. flava; D) S. digitaloides var. diaitaloides; E) S. trijuga; F) S. castanea; G) S. yunnanensis; H) S. przewalskii var. przewalskii.
Bar 1 µm.
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16 median-centromeric chromosomes. Karyotype
asymmetry was estimated as the Stebbins’ 3B.

3. S. trijuga Diels - This species is endemic to the area
with altitudes of 1900∼ 3900 m in the Hengduanshan
Mountains region. S. trijuga showed the chromo-
somes number of 2n=16 at mitotic metaphase rang-
ing in length from 1.13 to 2.09 µm (Fig.1: E and
Fig.2: C). The chromosome complement at mitotic
metaphase consisted of 8 median-centromeric, 4
submedian-centromeric and 4 subterminal-chromo-
somes, and a satellite was observed on the short arm
of one chromosome of the 7th pair. Karyotype asym-
metry was estimated as the Stebbins’ 2A.

4. S. castanea Diels - This species is distributed in al-
pine area with altitudes of 2500∼ 3800 m in the
Hengduanshan region such as Yunnan, Sichuan and
Xizang. S. castanea showed the chromosome number
of 2n=16 at mitotic metaphase ranging in length
from 1.23 to 2.89 µm (Fig.1: F and Fig.2: D). The
chromosome complement at mitotic metaphase con-
sisted of 2 median-centromeric, 4 submedian-cen-
tromeric and 10 subterminal-chromosomes. Karyo-
type asymmetry was estimated as the Stebbins’ 3B.
The result is different from the previous report that
the base chromosome number is 11 (Gill 1984).

5. S. yunnanensis C. H. Wright - This species is only
distributed in the area with altitudes of 1800∼ 2900
m in Yunnan, Sichuan and Guizhou of southwest
China. S. yunnanensis had the chromosomes number
of 2n=16 at mitotic metaphase ranging in length
from 1.20 to 1.92 µm (Fig.1: G and Fig.2: E). The
chromosome complement at mitotic metaphase con-
sisted of 6 median-centromeric, 8 submedian-cen-
tromeric and 2 subterminal-chromosomes, and a sat-
ellite was observed on the short arm of one chromo-
some of the first pair. Karyotype asymmetry was esti-
mated as the Stebbins’ 2A.

6. S. przewalskii var. przewalskii Maximowicz - This
species is widely distributed in the western China,
and its morphology is various. Four varieties under
this species have been distinguished in China based
on their corolla color and indumentum on the leaves,
namely S. przewalskii var. przewalskii, S. przewalskii
var. mandarinorum, S. przewalskii var. glabrescens
and S. przewalskii var. alba. S. przewalskii var. przew-
alskii was the tetraploid with the chromosomes
number of 2n=4x=32 at mitotic metaphase ranging
in length from 1.07 to 2.29 µm (Fig.1: H and Fig.2:
F). The chromosome complement at mitotic met-
aphase consisted of 24 submedian-centromeric and
8 subterminal-chromosomes. Karyotype asymmetry
was estimated as the Stebbins’ 3B. The result is dif-
ferent from that of Patudin et al. (1975), which the

species from Russia is diploid with a chromosome
number of 2n=2x=16.

DISCUSSION

All species studied here shows the same karyo-
morphological characteristics at resting stage and
mitotic prophase. S. przewalskii var. przewalskii is
the only tetraploidy species studied here with the
chromosome number of 2n=4x=32, other species
are diploids with the same chromosome number of
2n=2x=16.

S. przewalskii and S. castanea are eurychoric spe-
cies. Patudin et al. (1975) reported that S. przewal-
skii from Russia is a diploid with a chromosome
number of 2n=2x=16, but the result here showed it
is the tetraploid with the chromosomes number of
2n=4x=32. Therefore, there are different chromo-
some-ploidys in S. przewalskii in different regions.
The result here shows the basic chromosome
number of S. castanea from Hengduanshan Moun-
tains region is x=8, which is different from x=11
from West-Himalayan region reported by Gill

(1984). It is possible that there are two basic chro-
mosome numbers in S. castanea at least if the tech-
niques and/or the plant identification were accurate.

The perusal of the literature indicates surpris-
ingly diverse chromosome numbers in the Salvia ge-
nus. The genus seems to be polybasic, with different
groups of species in different parts having polyploid
origins. The Mediterranean group seems to be char-
acterized by x=7(Afzal-Rafii 1976), those in Eu-
rope and Russia by x=11 (Patudin et al. 1975),
those in California by x=16(Epling et al. 1962),
those in Mexican by x=11 (Reveal and Moran

1977; Palomino et al. 1986). The result here show
that group in Hengduanshan Mountains region
seems to be characterized by x=8. The species with a
basic number of x=8 occur widely in the whole dis-
tribution of Salvia but do not occupy a dominant po-
sition in other region except in the Hengduanshan
Mountains region. The Salvia genus is considered to
origin in Mediterranean area and to disperse in the
tropical and temperate zones of the Old and New
World (Wu & Li 1982). The diverse basic chromo-
some numbers in the Salvia genus indicate that the
groups of species in the different regions have differ-
entiated independently after dispersal. The flora of
the Hengduanshan Mountains region started in late
Cretaceous and early Paleogene. The uplift of the
Hengduanshan Mountains region caused the semi-
arid and arid flora of Mediterranean turning to adapt
to alpine environments and gradually differentiated
and developed in these regions (Sun 2002). Some
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Salvia species differentiated and developed in the al-
pine environments. According to the fact the species
with a basic number of x=8 occur widely in the
whole distribution and occupy a dominant position
in the Hengduanshan Mountains region, it is possi-
ble that Salvia species occurring in these regions

originated from the species with a basic number of
x=8 by the variation of chromosome structure and
isolation speciation.

Plants are well known for sympatric and abrupt
production of new species through autopolypoidy or
allopolypoidy via hybridization at the point of con-

Fig. 2 — The karyotypes on Salvia. A) S. flava; B) S. digitaloides var. diaitaloides; C) S. trijuga; D) S. castanea; E) S. yunnanensis; F) S.
przewalskii var. przewalskii. Bar 1 µm.
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tact of two existing species (Stebbins 1974; Briggs

& Walters 1997). Before starting this study, it was
expected that polyploids would prevail in this group
based on the following facts. First, all six species in-
vestigated here always show sympatric distribution,
e.g. S. flava, S.trijuga and S.digitaloides. This distri-
bution usually infers speciation through polyploidy
because only this method could result effectively and
quickly in the reproductive separation of popula-
tions growing together (Stebbins 1971, 1974; Grant

1981). Second, most species are restricted to alpine
habitats in the Hengduanshan Mountains region and
facultatively reproduce through both sexual seeds
and vegetative rhizomes, whereas the frequency of
polyploid species tends to be relatively high in high-
altitude region and they usually display this faculta-
tive reproduction (Stebbins 1971, 1974; Grant

1981). Third, the Pleistocene climate and topogra-
phy in the Hengduanshan Mountains region (Li et
al. 1995; Shi et al. 1998) should have provided good
opportunities for polypoid establishment through
hybridization in the contact zones of exiting species
and opening new habitats for polyploid vegetative
colonization during the advance and retreat of ice
sheets and glaciers (Grant 1981). By contrast, ex-
cept S. przewalskii var. przewalskii is the tetraploid,
other five species mainly restricted in alpine habitats
are diploid. This fact indicates that sympatric specia-
tion through polyploidization is a minor factor in the
early species diversification but that variation of
karyotype structure at the diploid level seems to be
the predominant feature of chromosomal evolution
of this group in the Hengduanshan Mountains re-
gion.

Several recent karyological researchers on diver-
sity and speciation of species distributed in the
Hengduanshan Mountains region also confirmed
this prediction. Ligularia, Cremanthodium, Nan-
noglottis, Sinacalia and Parasenecio (Asteraceae) are
typical alpine genera and endemic to or mainly dis-
tributed in the Hengduanshan Mountains region.
Karyomorphological studies of these genera have re-
vealed that almost investigated species are diploip
species with the uniformity of basic chromosome
number and karyotypes in genus (Liu 2000; Liu et
al. 2000, 2001; Gao 2001; Gong et al. 2001; Liu

2003; Pan et al. 2004). Karyomorphological study of
the Hengduanshan Mountains region endemic Tibe-
tia (Fabaceae) has showed that all three investigated
species also are diploid with a chromosome number
of 2n=16 and similar karyotypes (Nie et al. 2002).
Chromosomal study of some plants from Hohxil re-
gion with an average altitude of 5000 m also showed
that all investigated species are diploid (Yang and
Wu 1993). Therefore, it is assumed that the species

diversity of the alpine plants in Hengduanshan
Mountains region has resulted from the great cli-
matic diversity of the area, combined with opportu-
nities for allopartic speciation afforded by repeated
fragmentation and coalescence of populations dur-
ing the uplifting of the Qinghai-Tibet plateau within
the last four million years.
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