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A new species of 

 

Saussurea

 

, 

 

S. erecta

 

 S. W. Liu, J. T. Pan & J. Q. Liu 

 

sp. nov.

 

, is described from Tibet. It resembles

 

S. kingii

 

 but may be distinguished by having distinct stems and glabrous achenes. 

 

Saussurea kingii

 

 was placed in
sect. 

 

Pseudoeriocoryne

 

 of subgen. 

 

Eriocoryne

 

; this section was circumscribed by acaulescence and an inflorescence
with congested capitula surrounded by a rosette of leaves. The discovery of 

 

S. erecta

 

 with distinct stems, cauline
leaves and corymbose capitula blurred the delimitation of sect. 

 

Pseudoeriocoryne

 

 and suggested that the section may
be polyphyletic. Both the close relationship and the significant difference between 

 

S. erecta

 

 and 

 

S. kingii

 

 were con-
firmed by analyses of nrDNA ITS sequences. The resulting phylogenies based on ITS data further suggest that 

 

Sau-
ssurea

 

 sect. 

 

Pseudoeriocoryne

 

, as traditionally defined, does not constitute a monophyletic group. The rapid radiation
and speciation of 

 

Saussurea

 

 in the Qinghai-Tibetan Plateau, as inferred from ITS phylogeny, are discussed. © 2005
The Linnean Society of London, 

 

Botanical Journal of the Linnean Society

 

, 2005, 

 

147

 

, 349–356.
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INTRODUCTION

 

Saussurea

 

 DC., one of the largest genera in the Aster-
aceae with over 300 species (Bremer, 1994), is mainly
distributed in temperate regions, the greatest concen-
tration of species being found in subarctic regions of
Eurasia (Lipschitz, 1979), especially the Qinghai-
Tibetan Plateau (Shi & Jin, 1999). Both morphological
and molecular evidence unequivocally place 

 

Saus-
surea

 

 in the tribe Cardueae Cass. (Bremer, 1994;
Garcia-Jacas 

 

et al

 

., 2002), but the large size of this
genus has deterred attempts to generate a satisfactory
infrageneric classification and therefore, the evolu-
tionary history of this genus remains poorly known. A
recent infrageneric revision of 

 

Saussurea

 

 provided by
Lipschitz (1979) was based exclusively on gross mor-
phology. In this revision, more than 20 sections under
six subgenera were acknowledged or established.
However, the monophyly of these infrageneric entities
has never been tested, especially by molecular meth-
ods, because the morphological characters used to cir-
cumscribe them in some subgenera and sections seem

likely to have been subject to convergent adaptation.
Section 

 

Pseudoeriocoryne

 

 is one such entity, with four
species exclusively distributed in the arid Qinhai-
Tibetan Plateau: 

 

Saussurea kingii

 

 C. E. C. Fisch.,

 

S. stella

 

 Maxim., 

 

S. thoroldii

 

 Hemsl. and 

 

S. thomsonii

 

C. B. Clarke. This section was included in the subge-
nus 

 

Eriocoryne

 

, mainly based on its multiple and
enlarged inflorescence at the top of the stem. Section

 

Pseudoeriocoryne

 

 is delimited mainly by acaulescence
and an inflorescence with congested capitula sur-
rounded by a rosette of leaves, characters not found in
sect. 

 

Eriocoryne

 

. In addition, except for these four spe-
cies, members of sect. 

 

Eriocoryne

 

 have extremely
dense trichomes on well developed bracts, which are
tightly packed around floral buds. However, acaul-
escence and congested capitula within a rosette of
leaves are found in diverse families and have been
shown to be convergent adaptations shared by many
alpine plants (Ohba, 1988; Körner, 1999).

During field work for a project on 

 

Saussurea

 

 in
2002, a puzzling specimen was discovered in Tibet
that is difficult to ascribe to any extant species or even
to a section or subgenus of 

 

Saussurea

 

 according to the
key to the infrageneric classification provided by Lip-
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schitz (1979). This suggests that it might represent a
new species. The specimen resembles 

 

S. kingii

 

 in
being a biennial herb and in having involucral bracts
with foliaceous appendages, tomentose stem and
leaves, naked receptacle and rugose achenes, which
are not found in other species of 

 

Saussurea

 

. However,
the achenes in this specimen are glabrous and it has a
distinct stem, cauline leaves, and numerous and
corymbose capitula, which conflict with the circum-
scriptions of both sect. 

 

Pseudoeriocoryne

 

 and subgen.

 

Eriocoryne

 

. Further tests are clearly required to deter-
mine whether this specimen represents a new species
that is closely related to 

 

S. kingii

 

, or whether it rep-
resents a separate lineage in another subgenus. In
addition, the discovery of this specimen sheds further
doubt on the monophyly of sect. 

 

Pseudoeriocoryne

 

.
Although relatively short at about 500 bp, the inter-

nal transcribed spacers (ITS) of nuclear ribosomal
DNA, rapidly evolving regions, have proven phyloge-
netically informative for investigating the relation-
ships within closed species and the phylogeny of
genera (Liu 

 

et al

 

., 2002; Bateman 

 

et al

 

., 2003; Meerow,
Lehmiller & Clayton, 2003). In order to evaluate
whether this puzzling specimen represents a new

 

Saussurea

 

 species, and its relationships with other

 

Saussurea

 

 species, we analysed and compared ITS
regions of this specimen, all four species in sect. 

 

Pseu-
doeriocoryne

 

 and other representative species in 

 

Sau-
ssurea

 

. The analysis was also designed to examine the
putative monophyly of sect. 

 

Pseudoeriocoryne

 

, and
relationships of each species in this section with other
sections and subgenera of 

 

Saussurea

 

.

 

MATERIAL AND METHODS

 

Specimens of the new species were first identified
using 

 

Flora Reipublicae Popularis Sinicae

 

 (Shi & Jin,
1999), 

 

Qinghai Flora

 

 (Liu, 1996) and 

 

Flora of Tibet

 

(Liu, Chen & Liang, 1985). All 

 

Saussurea

 

 specimens
from Tibet deposited in the herbarium, Northwest
Plateau Institute of Biology, the Chinese Academy of
Sciences (HNWP) were carefully examined and
compared.

The species and origins of the material used for ITS
sequencing are listed in Table 1. Total genomic DNA
was isolated from silica-dried leaves following the
CTAB method of Doyle & Doyle (1987). The ITS
regions of nrDNA were amplified with primers 1 and 4
(White 

 

et al

 

., 1990). PCR products were purified using
a CASpure PCR Purification Kit following the protocol
recommended by the manufacturer (Casarray). The
sequencing primers were the same as those used for
amplifying the sequences. The sequencing reactions
were carried out in a Biometra thermocycler using a
DYEnamic Dye Terminator Cycle Sequencing Kit
(Amersham Biosciences Corp.) following the manufac-

turer’s suggested protocol. Sequencing products were
separated and analysed on a MegaBACE 500 DNA
Analysis System. Both strands of DNA were
sequenced through the use of forward and reverse
primers.

The ITS sequence alignments were made with
Clustal X (Thompson 

 

et al

 

., 1997) and refined manu-
ally. All boundaries of the sequences were delimited by
comparing them with the published sequences of other
genera of Asteraceae downloaded from GenBank. We
obtained a continuous sequence including ITS1, 5.8S
and ITS2 for all newly sequenced species. However, as
the sequences from GenBank are mostly devoid of
5.8S, the 5.8S region was excluded in the final ITS
matrix. The variations of sampled species within this
region are discussed separately. The ITS sequences for
the 20 

 

Saussurea

 

 species reported here have not been
recorded before. The sequences of the other genera in
the Cardueae, mainly provided by Susanna 

 

et al

 

.
(1995) and Garcia-Jacas 

 

et al

 

. (2002), were down-
loaded from GenBank. All the taxa used in the anal-
yses and their GenBank accession numbers are listed
in Table 1.

Phylogenetic analyses were performed by PAUP*
4.0 version b10 (Swofford, 2003) with all characters
unweighted. Heuristic parsimony searches were con-
ducted with 100 replicates of random addition of
sequences, in combination with ACCTRAN character
optimization and MULPARS 

 

+

 

 TBR branch-swapping
and STEEPEST DESCENT options enabled, to search
for multiple islands of most parsimonious trees (Mad-
dison, 1991). Bootstrap analyses (Felsenstein, 1985) to
assess the relative support for monophyletic groups
were calculated from 1000 replicates using a heuristic
search with ten random-addition subreplicates, TBR
branch swapping and MULPARS in effect.

 

RESULTS

 

A continuous sequence covering ITS1, 5.8S and ITS2
was obtained for all 

 

Saussurea

 

 species. In the 5.8S
region, only one and two mutations were found for our
new species, 

 

S. erecta

 

, and 

 

S. stella

 

, respectively.
Therefore, the sequences of this region were trimmed
off in the final ITS matrix. The pairwise distances of
the investigated species in 

 

Saussurea

 

 are listed in
Table 2. The mean pairwise distances within 

 

Saus-
surea

 

 varied from 1.1% between 

 

S. globosa

 

 and

 

S. hookeri

 

 to 15.2% between 

 

S. erecta

 

 and 

 

S. amara

 

.
The pairwise distance between 

 

S. erecta

 

 and 

 

S. kingii

 

is 3.7%. The aligned data sets for 24 taxa of ITS1 and
ITS2 combined consisted of 485 positions and included
124 informative characters when gaps were treated as
missing. Parsimony analysis produced 16 most parsi-
monious trees in one island with 423 steps, a consis-
tency index of 0.662, and a retention index of 0.537.
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One of these trees is depicted in Figure 1. The infor-
mative gaps include 1 bp and 3 bp indels for 

 

S. erecta

 

and 

 

S. kingii

 

, 1 bp indels for 

 

S. superba

 

 and 

 

S. amara

 

,
and 1 bp indels for 

 

S. globosa

 

, 

 

S. obvollata

 

, 

 

S. kato-
chaete

 

, 

 

S

 

. 

 

depsangensis

 

 and 

 

S. thomsonii

 

.

 

DISCUSSION

 

The ITS distance, 3.7%, between 

 

S. erecta

 

 and

 

S. kingii

 

 is larger than that between morphologically
distinct species in 

 

Saussurea

 

 (Table 2). In addition, a
transition from ‘C’ to ‘T’ in the conserved 5.8S region
was found for 

 

S. erecta

 

. Such genetic divergence sup-
ports their treatment as two separate species. How-
ever, parsimony analysis of ITS data still revealed a
strong relationship between them, with 100% boot-
strap support. In addition, they share two informative
indels (1 and 3 bp) that are absent in the remaining

 

Saussurea

 

 species. As we noted in the introduction,
the close relationship of these two species is further
supported by the fact that they are both biennial herbs
sharing the following morphological characters:
involucral bracts with foliaceous appendages, tomen-
tose stem and leaves, naked receptacle and rugose
achenes. This morphological combination was found in
none of the other 

 

Saussurea

 

 species distributed in the
Qinghai-Tibetan area.

The relationship of the clade comprising 

 

S. erecta

 

and 

 

S. kingii

 

 to another species of sect. 

 

Pseudoerio-
coryne

 

, 

 

S. thoroldii

 

, received poor support in both the
consensus tree and bootstrap analyses of the ITS data
matrix (Fig. 1). A third species of sect. 

 

Pseudoerio-
coryne

 

, 

 

S. stella

 

, comprised a clade with 

 

S. tatsienensis

 

and 

 

S. superba

 

, two species from another subgenus,
subgen.  

 

Saussurea

 

,  with  a  bootstrap  support  of
51%. The last species of sect. 

 

Pseudoeriocoryne

 

,

 

Table 1.

 

Origin of material and GenBank accession numbers

Taxon Origin Collector
GenBank 
accession no.

 

Saussurea

 

 DC.

 

S. erecta

 

 S. W. Liu, J. T. Pan & J. Q. Liu Sangri, Xizang J. Q. Liu 1135 AY466430
Subgen. Eriocoryne (DC.) Hook. f.

Sect. Pseudoeriocoryne Lipsch.
S. kingii C. E. C. Fisch. Duilongdeqing, Xizang J. Q. Liu 1104 AY366311
S. stella Maxim. Yushu, Qinghai J. Q. Liu 856 AY366314
S. thomsonii C. B. Clarke Wulan, Qinghai S. G. Wu K-784 AY366333
S. thoroldii Hemsl. Maduo, Qinghai J. Q. Liu 813 AY366323

Sect. Eriocoryne
S. depsangensis Pamp. Chenduo, Qinghai J. Q. Liu 839 AY366325
S. gnaphalodes (Royle) Sch.-Bip. Chenduo, Qinghai J. Q. Liu 837 AY366324
S. medusa Maxim. Huangyuan, Qinghai J. Q. Liu 800 AY366321

Subgen. Amphilaena (Stschegl.) Lipsch.
S. globosa Chen Jiangda, Xizang J. Q. Liu 1267 AY366320
S. hookeri C. B. Clarke Dingqing, Xizang J. Q. Liu 1255 AY366319
S. obvallata (DC.) Edgew. Jiangda, Xizang J. Q. Liu 1265 AY366312

Subgen. Frolovia (DC.) Lipsch.
S. qinghaiensis S. W. Liu & T. N. Ho Yushu, Qinghai Z. D. Wei 22470 AY366350

Subgen. Saussurea
S. bella Ling Chenduo, Qinghai J. Q. Liu 852 AY366326
S. coriacea Y. L. Chen & S. Y. Liang Nangqian, Qinghai J. Q. Liu 1008 AY366316
S. katochaete Maxim. Zhiduo, Qinghai J. Q. Liu 935 AY366308
S. subulata C. B. Clarke Maduo, Qinghai J. Q. Liu 814 AY366348
S. superba Anth. Qumalai, Qinghai J. Q. Liu 952 AY366336
S. tatsienensis Franch. Baiyu, Sichuan J. Q. Liu 669 AY366306
S. umbrosa Kom. Huzhu, Qinghai J. Q. Liu 009 AY366332

Subgen. Theodorea (Cass.) Lipsch.
S. amara (L.) DC. Huzhu, Qinghai J. Q. Liu 002 AY366330

Arctium minus Bernh. Garcia-Jacas et al. (2002) AF319049, AF319103
Cirsium arvense (L.) Scop. Susanna et al. (1995) L358667
Jurinea humilis DC. Susanna et al. (1995) L35868
Onopordum leptolepis DC. Garcia-Jacas et al. (2002) AF319086, AF319140
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S. thomsonii, is closely related to S. depsangensis, a
species delimited in sect. Eriocoryne with a bootstrap
support of 58%. Despite the low support for these rela-
tionships and incomplete species sampling in other
sections and subgenera, the analyses clearly indicate
that sect. Pseudoeriocoryne does not constitute a
monophyletic group. In fact, the acaulescence and the
inflorescence with the congested capitula surrounded
by a rosette of leaves, which were used to circumscribe
sect. Pseudoeriocoryne, are found in diverse families of
alpine plants and should surely be treated as conver-
gent adaptations at the family level (Ohba, 1988),
resulting from reproductive adaptation to the typical
ecological pressures of arid, alpine habitats (Körner,
1999). However, species within a genus sharing these
characters in the Qinghai-Tibet Plateau have always

been treated as natural entities, such as Salix sect.
Lindleyanae in Salicaceae (Liu, 1996), Rhododendron
sect. Rhododendron subsect. Lapponica in Ericaceae
(Fang, 1999), Androsace sect. Chamaejasme in Prim-
ulaceae (Yang & Huang, 1990) and Saxifraga sect. Cil-
iatae subsect. Rosulares (Pan, 1992). Although the
monophyly or polyphyly of sect. Pseudoeriocoryne
needs further tests, because of the poor bootstrap sup-
port within the internal clades constructed by ITS
data, our results undoubtedly indicate that it is nec-
essary to explore the origin and monophyly of such
entities in other genera and families using molecular
evidence, independent of morphology.

In addition to the possible polyphyly of sect. Pseu-
doeriocoryne, our molecular phylogeny also suggests
that other infrageneric classifications in Saussurea
are likely to be unnatural. Our samples covered five of
the six subgenera in the morphological classification
system of Saussurea (Lipschitz, 1979): Eriocoryne,
Amphilaena, Frolovia, Theodorea and Saussurea
(Table 1). However, the branches of the phylogenetic
tree linking species from one subgenus interweave
with those from other subgenera (Fig. 1). For example,
S. bella of subgen. Saussurea is closely related to
S. qinghai of subgen. Frolovia, with a relatively high
support of 76%, while S. tatsienensis and S. superba of
this subgenus cluster with S.stella of subgen. Erio-
coryne. However, all of these indications are tentative
because the internal clades of ITS phylogeny were
poorly resolved.

Although ITS data have proved to be effective in
resolving the phylogeny of the tribe Cardueae (Sus-
anna et al., 1995; Garcia-Jacas et al., 2002), their use-
fulness in establishing the infrageneric phylogeny of
Saussurea is extremely limited. Despite this, all inves-
tigated Saussurea species clustered together as a dis-
tinct clade (Fig. 1). Such a distinct lineage, with
morphologically diverse species lacking internal
grouping, obviously implies that an explosive radia-
tion of this genus occurred in the Qinghai-Tibetan
Plateau.  Radiative  speciation  of  angiosperms  is
most frequently recorded from island archipelago
biomes, for example Arygyranthemum in Macronesia
(Francisco-Ortega et al., 1997) and the Hawaiian sil-
verswords (Baldwin & Sanderson, 1998). The radia-
tion of these genera is generally assumed to be driven
by the low levels of competition found in newly occu-
pied island habitats and consequently, low levels of
genetic mutation (Liem, 1990). However, the muta-
tions in the ITS region between the pairs of Saussurea
species investigated here ranged from 1.1 to 15.2%, far
higher than corresponding figures for genera confined
to islands. Nevertheless, most mutations were auta-
pomorphic and were not phylogenetically informative.
A similar situation has also been found for Gentiana
sect. Chondrophyllae, which has a similar distribution

Figure 1. One of 16 most parsimonious trees
(length = 423; CI = 0.662; RI = 0.537) based on ITS
sequence data of some species from Saussurea and genera
from the Cardueae. The designations ERIO, AMPH, SAUS,
FROL or THEO following the species names are abbre-
viations of Saussurea subgen. Eriocoryne, subgen. Amp-
hilaena, subgen. Frolovia, subgen. Saussurea and subgen.
Theodorea, respectively. The taxon in boldface is the new
species described in this paper. Numbers above and below
branches indicate branch length and bootstrap support.
Dashed lines denote branches that collapse in the strict
consensus tree. � indicate convergent evolution of the
defining characters of sect. Pseudoeriocoryne, i.e. acaules-
cence and an inflorescence with congested capitula sur-
rounded by a rosette of leaves.

S. stella 
S. tatsienensis 
S. superba 
S. coriacea 
S. kingii 
S. erecta  
S. thoroldii 
S. depsangensis 
S. thomsonii 
S. subulata 
S. hookeri 
S. globosa 
S. katochaete 
S. obvallata 
S. bella 
S. qinghaiensis 
S. umbrosa 
S. gnaphalodes 
S. medusa 
S. amara 
Arctium minus 
Jurinea humilis 
Cirsium arvense 
Onopordon leptoleis 

27 
23 
94 

9 
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85 

6 

3 

3 

1 

4 

1 

1 
3 
51 

1 6 
1 

8 
4 

4 
35 
100 

5 
13 

25 

2 
4 

58 
5 

14 
4 

2 
61 

5 
94 

4 
1 

1 5 
3 

7 
76 

5 
28 

8 
5 

6 
24 

23 
41 

26 
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ERIO 
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ERIO 
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Figure 2. Holotype of Saussurea erecta S. W. Liu, J. T. Pan & J. Q. Liu sp. nov., with details. A, habit of plant; B,
abaxial surface of an outer phyllary; C, adaxial surface of a middle phyllary; D–F, inner phyllary; G, floret; H, achene with
pappus.
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in the Qinghai-Tibetan Plateau. Yan & Küpfer (1997)
attributed this pattern to a star phylogeny resulting
from simultaneous formation of many species. They
also suggested that there is a causal relationship
between this pattern and the biennial, herbaceous
habit of species in sect. Chondrophyllae. However, we
propose that the rapid habitat isolation that has
occurred during the large-scale uplift of the Qinghai-
Tibetan Plateau since the late Pliocene (Shi, Li & Li,
1998) caused this type of star phylogeny and radiation
of the species present there. According to this hypoth-
esis, a common ancestor was suddenly isolated during
the mountain building due to the rapid uplift of the
Plateau, and the simultaneously produced species
therefore accumulated autapomorphic mutations,
rather than synapomorphic mutations, along nested
clades as in a normal gradual isolation of range during
the production of new species. In addition, during the
climatic oscillations of the Quaternary, the shifts of
vegetation in the Qinghai-Tibetan Plateau, alternat-
ing between desert-steppes and forests (Tang & Shen,
1996), must have driven migration of the species
present there. As a result, on the one hand, there
would have been contacts between some isolated spe-
cies, promoting introgressive hybridization and retic-
ulate evolution among these species, thereby leading
to the homogenization of their genetic sequences
(Abbott et al., 2003). On the other hand, this climatic
process might have intensified the divergence of spe-
cies that were isolated, but survived in situ during the
glacial ages (Comes & Kadereit, 1998). Under neither
circumstance could low and high sequence divergence
produce robust support for internal clades with the
infrageneric phylogeny found in the Saussurea species
presented here.

DESCRIPTION

SAUSSUREA ERECTA S. W. LIU, J. T. PAN 
& J. Q. LIU SP. NOV. (FIG. 2)

Type: China. Sangri, Tibet. On sands, 3650 m,
29∞58¢N, 91∞57¢E, 10.ix. 2002, J. Q. Liu 1135.

Holotype: HNWP.

Diagnosis: Species S. kingii C. E. C. Fisch. affinis, sed
planta haud diffusa, caule erecto, c. 25 cm alto, achae-
niis haud arachnoideis, valde distincta.

Description: Herbs biennial, c. 25 cm tall. STEM erect,
tomentose, 16–17 branched distally, tomentose.
LEAVES linear-oblong, 5–8 ¥ 0.8–1.2 cm, both surfaces
tomentose and yellow-hyaline-glandular, apex acute,
base gradually contracted into petiole 1–2.5 cm, mar-
gins subpinnatipartite, lobes denticulate at margin

and teeth cartilaginous-mucronate at apex; bracteal
leaves oblanceolate-linear, 8–18 ¥ 2–3 mm, both sur-
faces tomentose and glandular, apex acute, margins
serrate and teeth mucronate at apex. CAPITULA several
to numerous, corymbose, supported by bracteal leaves;
involucre campanulate, 7–10 mm; phyllaries 3–4-
seriate, adaxially tomentose and glandular hairy,
abaxially glabrous, outer ones ovate, 6–7 ¥ 3.5–4 mm,
margins dark purple, dentate, with appendages at
apex, appendages rhomboidal, tridentate, both tomen-
tose and glandular hairy, middle ones ovate,
c. 6 ¥ 4 mm,  apex  acute,  margin  sparsely  dentate
and  distally  dark  purple,  proximally  pale  purple,
inner ones oblong or lanceolate, 5.5–6 ¥ 2.2–3.5 mm,
apex acute, margin distally herbaceous and proximally
membraneaceous and sparsely dentate or entire;
receptacle unpaleaceous. FLORETS pale red-purple,
tube 2.5 mm, limb 4.5 mm, 5-lobate, lobes narrow-
lanceolate, 3 mm. ACHENES c. 2 mm, transverse-
rugose,  glabrous,  pappus  biseriate,  white,  outer
ones  bristled,  c.  2 mm,  sparing,  inner  ones  plumose,
7–9 mm.

The new species differs from S. kingii in that the
stem is erect (not diffuse) and the achenes are gla-
brous (not covered with arachnoid hairs).
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