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A prdiminary invesigation on the phylogeny of
Saussurea ( Aderaceae : Cardueae) based on

chloroplag DNA trnL-F sequences

L2WANG Yudin© 'L IU Jian-Quan *
1(Laboratory d the Qinghai- Tibet Plateau Bidogical Evdution and Adaptation, Northwest Plateau Institute of Bidogy,
the Chinese Academy o Sciences, Xining 810008 , China)
2( Graduate Schod o the Chinese Academy o Sciences, Beijing 100039, China)

Abgract Saussurea DC. , a highly diversfied genus with about 400 fecies in the Aderacese,
has been an extremdly difficult group in both taxonomica and phylogenetic sudies. The norophylet-
ic origin, irfrageneric classfication and sysemétic postions of ome gecieswith unique gross nor-
phology remain unclear for this genus. The main amdf this gudy was to examine irfrageneric relar
tionshipsof Saussurea as irferred from nolecular evidence againg the exigting supragpecific classfi-
cation on the badsdf the morphological characterigics. In addition , we intended to use phylogenetic
analyses of DNA sequence deta to invedigate sysemetic postion and relaionship of each geciesin
sect.  Pseudoeriocoryne (subgen. Eriocoryne) and test the morophyly of this section , which islikely
to be egdablished based on the nmomphological characters with convergent evolution. We sequenced
chloroplag DNA trnL- Ffor dl four gecies of sect. Pseudoeriocoryne and other 33 ecies, which
represent the recognized five subgenerain Saussurea , and conducted a phylogenetic analys s together
with 14 related genera in the Cardueae Cass. The variaion of trnL- F sequences is very low anmong
the sanpled eciesin gite of their extremely diverse momphology. Fve subgenera in Saussurea de-
limitated based on norphological characters were unrecognized on al nmog parsnonious trees. Sect.
Pseudoeriocoryne is a polyphyletic group , and the four goecies in this section were found to be dis
tantly related to each amother , and showed no close relationship with the other gecies in subgen.
Eriocoryne. The norphologica characters to circumscribe this section had separately evolved four
times. An 18 bp insertion was identified for S. polycolea var. acutisquama in sect. Pseudoamphi-
laena of the subgen. Amphilaena and other four pecies, S. hieracioides, S. superba, S. tat-
sienensis and S. katochaete from the subgen. Saussurea. This long and unique insertion was only
recognized for these five ecies in the totd Cardueze, and it mug have ewlved before the
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norphological diverdfication of this ecies conplex. However , this insertion was not found in S.

polycolea and arother population of S. katochagte. Therefore , the ingsertion found in S. polycdea
var. acutisquama and S. katochaete might have resulted from heplotype introgresson or retaining
because of hybridization. This gudy denongrates for the firg time that gpecies even within a genus
had a9 undergpne convergent evolution in their momphology under the same ecological selection
pressure of the Qinghai- Tibet arid habitats. This inplication is egeciadly inmportant for those re-
searches, which qudy relationships of the gecies didributed there and name taxoromical entities
based exclusvely on the gross norphology. In addition, our preliminary results indicate that Saus-

surea provides a typica case for gudying rapid speciation , reticulate and convergent evol ution under
the arid hahitats.

Key words Saussurea, trnL-F, phylogeny , convergent evol ution.

Saussurea DC.
5 37 43 Dodomiaea DC. 1 DNA trnL-F
Cardueae Cass. 13 ,
subgen.  Eriocoryne
sect.  Pseudoeriocoryne (D 5 ,
trnL-F (2 5 ;(3)
, 4 (4 subgen.  Amphi-
laena sct. Pseudoamphil aena S. poycdea S. poycdea var. acutisqguama
subgen. Saussurea S. hieracioides S. superba S. tatsenersis
S. katochaete 18
DNA trnL-F
Saussurea DC. ,
1 400 L L 1
7 1 1 L 1 @r—
dueae Cass. , '
, Jurinea Cass. (Dittrich, 1977; Bremer, 1994) Lipschitz (1979)
6 : subgen. Jurinea (Baill.) Lipsch.
subgen. Eriocoryne (DC.) Hook. f. subgen. Amphilaena (Sscheg.) Lipsch.
subgen. Theodorea (Cass.) Lipsch. subgen. Foravia (DC.) Lipsch.

subgen. Saussurea ,
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( , ,1999) ( ,1985;
,1996 ;Ohba & Mdla, 1988) S. ceratocarpa Decne. S. cardui-
cephala (lljin) lljin ,

5 ( , ,1999) ,
, Rheum nobile Hook. f. & Thomson
Eriophyton wallichii Benth. ;

, (Omori & Ohba, 1996 ; Onori e a. , 2000; Terashima
et d., 1993, 1995; Tsukaya & Tsuge, 2001) ,

( , ,1994; Pdtit et d.
1996)
(Pdser et d. , 2002) )
(Sarr & Ford, 2001)
(Bohs & Olmgead , 1997) , SeneciolL .
(Ped=er et d. , 2002) Carex L. Acacia Mill . : ,
(Pdser et d. , 2002)
26 , ;
ct. Eriocoryne sct. Pseudoe-
riacoryne Lipsch. *ct. Cincta Lipsch. (Lipschitz, 1979)
, 4 S. thorddii Hemd. S.
kingii C. E. C. Fsh. S. thomsonii C. B. Qarke S. sdla

Maxim. , )

(Ohba & Mdlla, 1988
Korner , 1999) , 4
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DNA , DNA
(Jansen & Kim, 1996) |,

(Francisoo-Ortega et al. , 1997, 2001; Kim
et d.,1998; Panero e d. , 1999; HAfner & Hellwig, 1999 ; Bain & Glden 2000; Kariset d. ,

2001 ; Park et d. , 2001) , DNA ITS ndhF trnL-F
trnL-F DNA ,trnL trnL/
trnF (Taberlet et . , 1991) 800 bp ,

(Bayer & Qarr, 1998; Bayer e d. , 2000; O’ Hanlon &
Peakall , 2000; Pelser et d. , 2002)

(Fernandez et d . , 2001 ; Pllser et d. , 2002)

DNA ( ,2003;
, 2003) , ,
, trnL-F
1 1 ( @.th
e d., 1992, 1993) , ,
, trnL-F
(Bayer et d. , 2000; Fernandez et a. , 2001 ; Liu et d. , 2002) trnL-F
4 , 5 34
, DNA trnL-F , 14
1
1.1
1999 2002
(HNWP) 5 12

( , ,1999)
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Liu 1002 Liu 1016 Liu 1077 Liu 1233

Lipschitz (1979)

1
1.2
DNA CTAB  (Doyle & Doyle, 1987)  TrnL-F “ e
5-CGAAATCGGTAGACACTACG3  “ f" 5-ATITGAACTGGIGACACGAG3 (Taberlet et d.
1991) 50 mL : 25 mL ,10 x Tris HA (pH 9.2, 25 mmol/L KA,
1.5 mnol/L Mgd,)5nmi , dNTP5 i (8 mnol/L) , “c¢" “f" 2.5nm (2mol/L) , Tag
0.3 L (Unit/ L) 10mL (12.5 mnol/L) ;70 1mn, 94 1
min 55 20 s,72 50 s, 2 94 20s55 20s,72 50s, 38 ,
72 4 min PCR CASoure PCR Purification Kit (
) {c’ “f") Amersham
DYEnamic Dye Terminator Cycle Sequencing Kit PCR , :
94 155,50 155,60 90s, 25 Amersham Autoseq 96 Hates
,  MegaBACE 500 DNA Andyds Sygem 800 hp,
90 %
DNA PCR , PCR
TrnL-F GenBank ; Ganr
Bank , GerBank 13
1
1.3
Quga X (Thompson et d. , 1997) ,
PAUP 4.0 (Sofford, 2000) Mega 2.0 (Kumer et d. , 2001)
PAUP 4.0 (Parsimony) , (gep) :
(heuridic) , 100 (random addition of 100 replicates)
(idands) (Maddion, 1991) bootstrap (1000 ) (Fdsenr
dein, 1985)
2

trL-F 773 - 838 bp , 859 bp
0.000 %, :
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1 GerBank ( Lipschitz (1979)
Table 1 Orign o materids and accesdon numbersin GerBank (The irfrageneric clasdfication is acoording to Lips:

chitz (1979))

)

Taxon Locdity Voucher * GerBark Acc. No.
Saussurea DC.
Subgen. Eriocoryne (DC.) Hook. f.
Sect.  Pseudoeriocoryne Lipsch.
AY328120
S. thorddii Hemd. Madoi , Qinghai (J. Q. Liu) 813
AY328091
S. kingii C. E. C. Fgh. Doilungdégén, Xizang  (J. Q. Liu) 1104
AY328103
S. thomsonii C. B. Qarke Ulan, Qingha (S. G Wu) k-784
AY328110
S. sdla Maxim. Yushu , Qinghai (J. Q. Liu) 856
Sect. Eriocoryne (DC.) Kitam.
AY328107
S. depsangensis Pap. Chindu, Qinghai (J. Q. Liu) 839
AY328106
S. gnaphalodes (Royle) Sch.-Bip. Chindu, Qinghai (J. Q. Liu) 837
AY328102
S. medusa Maxim. Huangyuan , Qingha (J. Q. Liu) 800
Subgen. Forovia (DC.) Lipsh.
AY328123
S. ginghaienss S. W. Liu & T. N. Ho Yushu, Qinghai (Z. D. We) 22470
Subgen. Saussurea
Sect. Saussurea
AY328127
S. acuminata Turcz. ex Fisch. & Mey. Huzhu , Qinghai (J.Q. Liu) 001
AY328117
S. hieradcides Hook. f. Qusum, Xizang (3. Q. Liu) 1150
AY328118
S. tatsienensis Franch. Baiyli, Schuan (J. Q. Liu) 669
AY328131
S. d. tatsenensis Franch. Nanggén, Qingha (J. Q. Liu) 1002
AY328132
S. d. tatsienensis Franch. Nanggén , Qingha (J. Q. Liu) 1016
AY328130
S. d. tatsienersis Franch. Bagén, Qinghai (J. Q. Liu) 1077
AY328129
S. d. tatsenenss Franch. Qamdb , Xizang (J. Q. Liu) 1233
AY328111
S. superba Arth. Zhicbi , Qingha (J. Q. Liu) 929
S. umbrasa Kom. Huzhu , Qinghei @. Q. Liu) 009 AY328125
AY328124
S. paniflora (Roir.) DC. Huzhu , Qinghai (J. Q. Liu) 006
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1( ) Table1l (continued)

Taxon Locdity Voucher GenBank Acc. No.
Sect. Laguranthera (C. A. Mey. ex End.) Lipsch.
AY328101
S. davurica Adams @lmud , Qinghai (3. Q. Liu) 692
Sect.  Pycnocephala Lipsch.
AY328116
S. tibetica C. Winki. Macbi , Qinghai (. Q. Liu) 826
AY328113
S. brunneopilcsa Hand. - Mazz. Qumerléb, Qinghai (J. Q. Liu) 962
Sect. Acaules C. B. Clarke
AY328108
S. bdlaLing Chindu , Qinghai (J. Q. Liu) 852
AY328100
S. katochagte Maxim. Qamdb , Xizang (J. Q. Liu) 1258
AY328119
S. katochagte Maxim. Zhidoi , Qinghai (J. Q. Liu) 935
AY328104
S. subuata C. B. Qarke Macbi , Qinghai (3. Q. Liu) 814
Sect. Cyathidium (Lindl. ex Royle) Ling
AY328093
S. coriacea Y. L. Chen & S. Y. Liang Nanggén, Qingha (J. Q. Liu) 1008
AY328095
S. caterach Hand.-Mazz. Gyaca, Xizang (J. Q. Liu) 1159
AY328094
S. polypodicides Arth. Nanggén , Qinghai (. Q. Liu) 1017
AY328098
S. przawalskii Maxim. Jomda, Xizang (J. Q. Liu) 1266
AY328126
S. yunnanensis Franch. Qamdb , Xizang (J. Q. Liu) 010
AY328114
S. rhytidocarpa Hand.-Mazz. Qumarléb, Qinghai (J. Q. Liu) 972
Subgen. Theodorea ( Cass.) Lipsch.
Sect. Theodorea
AY328122
S. chingiana Hand.-Mazz. Huzhu , Qinghai (J. Q. Liu) 004
AY328121
S. amara (L.) DC. Huwzhu , Qinghai (J. Q. Liu) 002
Sect. Maritimae ( Nakai) Lipsch.
AY328092
S. nematdepis Ling Nanggén , Qingha (. Q. Liu) 1003
Subgen. Amphilaena ( Sched.) Lipsch.
Sect.  Pseudoamphilaena Lipsch.
AY328128
S. poyodea Hand.-Maz. Macbi , Qinghai (. Q. Liu) 824
S. poycdea Hand.-Maz. AY328112

var. acutisquama (Ling) Lipsch. Zhidoi , Qinghai (J. Q. Liu) 931
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1( ) Table1l (continued)
Taxon Locdity Voucher GenBank Acc. No.
Sect. Amphilaena
AY328097
S. ovallata (DC.) Edgew. Jomda, Xizang (J. Q. Liu) 1265
AY328109
S. erubesoers Lipsch. Yushu, Qinghai (J. Q. Liu) 855
AY328134
S. bracteata Decnre. Madoi , Qinghai (J. Q. Liu) 808
AY328099
S. globosa Chen Jomda, Xizang (J. Q. Liu) 1267
AY328105
S. tangutica Maxim. Chindu , Qinghai (J. Q. Liu) 84
AY328096
S. hookeri C. B. Qarke Dénggén, Xizang (J. Q. Liu) 1255
, AY328115
S. invducrata (Kar. & Kir.) <h.-Bip. without precise (3. Q. Liu) 005
locdlity , Xinjiang
AY328133
S. iodostegia Hance Huwzhu, Qingha (J. Q. Liu) 003
Arctium lappa L. from GerBank AF129824
Carduus nutans L. from GerBank AF129825
Grsium vulgare (Savi.) Ten. from GenBank AF129826
Cousinia hystrix C. B. Qarke from GenBank AF129827
Cynara humilis Linn. from GenBank AF129829
AY330342
Dolomiaea tibetica S. W. Liu &J. Q. Liu Sangri , Xizang (J. Q. Liu) 1137
Echinops exaltatus Schrad. from GenBank U82030, U82031
Gal actites tomentcsa Moench. from GenBank AF129831
Gerbera jamesonii Bolus ex Hook from GenBank U82036 , U82037
Notobasis syriaca Cass. from GenBank AF129832
Onopordum acanthium L. from GenBank AF129833
Picnomon acarna (L.) Cass. from GenBank AF129834
Ptilstemon aer (Jacg.) Qeuter from GerBank AF129835
Silybum marianum (L.) Gaertn. from GerBank AF129836
* (HNWP)

All the vouchers are preserved in herbariumof Northwes Fateau Ingitute of Biology , the Chinese Academy of Sciences (HNWP) .

Liu 935

1.808 %,

=0.935;

88

82

Liu 1002

21

1

Liu 1077,
2.444 %
,Cl =0.943; RI
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1 O 5 bellaSAUS
TE S. ginghaiensis FROL

S. coriacea SAUS
S polypodioides SAUS
S. ceterach SAUS

60

olo|l—mo|o|o

g PN

|

S, globosa AMPH

§ stella ERIO |
S rhytidocarpa SAUS

S. medusa ERIO

63

1

S gnaphalodes ERIO
S hookert AMPH

S obvallatia AMPH

S przewalskii SAUS
S katochaete | SAUS
S subulata SAUS

§ tangutica AMPH
S erubescens AMPH
S tibetica SAUS

S. yu sis SAUS
S. polycolea AMPH
S. superba SAUS

§. polycolea var. acutisquama AMPH

S. hieracioides SAUS
S. tatsienensis SAUS

57

An 18 bp insertion

52

olojlojlololoj= Mmool |m oo |oCiIcln IOl oo |e

S. katochaete 2 SAUS

S. of taisienensis Liu 1233 SAUS
S. cf. tatsienensis Liu 1077 SAUS
S. of fatsienensis Liu 1002 SAUS
S. cf. tatsienensts Liu 1016 SAUS
S. nematolepis THEO

S. davurica SAUS

S. thoroldii ERIO [ |
S. amara THEQ

S. chingiana THEQ

S. parviflora SAUS

S. umbrosa SAUS

S. acuminata SAUS
S. kingi ERIO |

S, depsangensis ERIO

99

S. brunneopilosa SAUS
S. involucrata AMPH

ol koo~

S. iodostegia AMPH

A 44 bp deletion

A-R|-
IS Y RN [ -3 I (N N /XY

S. bracteata AMPH

Carduus nutans

Cirsium vulgare

Notobasis syriaca

Picnomon acarna

Stlybum marianum

Arctium lappa -

F——=s—— Galactites tomentosa

Onopordum acanthium

P-S. thomsanii ERIO |

Cousimia hystrix

Cynara humilis

o jon oo j—

Ptil on afer

Dol tibetica

Echinops exaltaius

Gerbera jamesonii
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bootgrap 2
7
4 3 : ; :
Liu 935
Liu 1002 Liu 1016 Liu 1077 Liu 1233 trnL
18 “ TATCGAAACTTCATAAAA” ,
Carduus nutans Cirsium vulgare  Silybum marianum3 “ CAAA”
trnL/ F “ CTTATCACATGTGATATATATGATACATGI-
ACAAATGAACATCT’ 44 , DNA
(Bayer & Sarr, 1998)
21 bp* ACCATTCACTACTCTTTATAC’ ; Gerbera jamesonii 1
bp , Notobasis syriaca 1bp ; Arctium lappa Carduus nutans Echinops
exaltatus Gerbera jamesonii  Notobasis syriaca Ptilostemon afer 1-9p 4

(Ferndndez et d. , 2001; GarciaJacas et d. , 2000, 2001, 2002; Vilaersana et d. ,
2000) ;
: (GarciaJacas et d.
2000, 2002; Vilatersana et d. , 2000) ,

,Cl RI , ; )
3
3.1 18 bp
Liu 935
17 (lengh=88; Cl =0.943; RI =0.935) ERIO AMPH SAUS FROL  THEO
bootgrap

Fig. 1. Oned seven equaly parsnonioustrees (lengh=88; Cl =0.943; RI =0.935) fromandydsd trnL- F ssquence data of
Saussurea gpecies and genera in the Cardueae. ERIO, AMPH, SAUS, FROL and THEO following each gpecies name are abbreviar
tions of Saussurea subgen. Eriocoryne, subgen. Amphilaena, subgen. Saussurea, subgen. Forovia and subgen. Theodorea regpec-
tively. Numerd's above and below branches indicate branch length and bootstrap support. Dashed lines derote branches that collgpse
in the grict consensustree. lid barsind cate convergent evol ution of the acaulescence and the syrflorescence with congested capitula
in the rostte and prodrate |eaves.
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67 ) S bella SAUS

§. ginghaiensis FROL
S coriacea SAUS

S polypodioides SALIS

<0.016Myr

§ ceterach SAUS
S stella ERIO

§ rhytidocarpa SAUS

<. uMF ;

§ globosa AMPH
8 medusa ERIO

8. gnaphalodes ERIO
S tolepis THEQ
5. thoroldii ERIO

S, amara THEQ

8 chingiana THEO

8 parviflora SAUS

S. umbrosa SAUS

00isMyr |

8 acummata SAUS
—— § davurica SALIS

8 involucrata AMPH
— & katochaete 2 SAUS

—— 8 cf tarsienensis Lin 1233 SAUS
———5. cf ratsienensis Liu 1016 SALS
5. superba SAUS

§. polycolea var. acutisquama AMPH
S hieractoides SAUS

8§ tatsienensis SAUS

<0009Myr — % S of tatsienensts Liu 1077 SAUS

S ¢l ratstenensis Lin 1002 SAUS

S kingu ERIO
— S.iodostegia AMPH

S depsangensis ERIO

S brunneapilosa SAUS

§. bracteata AMPH

§ hookeri AMPH

S erubescens AMPH

<0.04Myr

S obvallata AMPI
S subulara SAUS

<0.35Myr

Iv//

S, polycolea AMPH

5. tibetica SAUS

—— S yunnanensis SAUS
8 1angutica AMPH

S, przewalskit SAUS

= & katochaete | SAUS

_7_0_? Carduus nutans
¢

Tirsium vulgare

K

8 thamsoni ERIO .

85 | s lybum marianum
i ﬂr Notabasis syriaca
P.rc'rwmun acarni
Dol a tibetica
Cousinta hystrix
80 Cynara humilis
Prilosiemon afer
Calactites tomentosa
@:{m acanthium
Arctium lappa
Echinops exalt
Gerbera jamesonit

= 0.0005 substitutions/site

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.
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Liu 1002 Liu 1016 Liu 1077  Liu 1233  trnL
18

2- 3 t
(Janseen & Kim, 1996) ,

( 1 , ) trL-F , Liu 935

(inconplete lineage orting)
(hybridization zone)
(Advise, 1994, 2000) ,
(Comes &

Abtbott , 2001) )

( , ,1999) ,

trnL-F ,
Liu 1002 Liu 1016 Liu 1077 Liu 1233 )

S. hultenii Lipsch. S. villessa Franch. ,

-
2 ERIO AMPH SAUS FROL  THEO
bootdrgp
Fig. 2. Neghbor-joining phylogeny under Kimura' s two-parameter from andyssd trnl- F sequence data of Saussurea and genera

in the Carduese. ERIO, AMPH , SAUS, FROL and THEO following each gecies name are abbreviationsof  Saussurea subgen. Erio
coryne, subgen. Amphilaena, subgen. Saussurea, subgen. Forovia and subgen. Theodorea regectively. Numerd s above branches
indicate hootsrgp support. Slid barsindicate convergent evolution of the acaulescence and the syrflorescence with congested capitula

in the rostte and prodrate leaves. Pde barsindicate the cruddy edimeted divergence time.
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3.2
, 4
, ; 44 p
(Bremer , 1994) ,
4 1 H
(Lipschitz,, 1979) 4
(Ohba & Malla, 1988; Korner , 1999) ,
Salix L. sect. Lindleyanae Schneid. ( ,1984)
Rhododendron L. sect. Rhododendron (Balf. f.) deumer subsect. Lapponica ( ,
1999) Andresace L. sect. Chamagasme Koch. ( , ,
1990) Saxifraga Tourn. ex L. sect. Ciliatae Haw. sub-

sct. Rosulares Grndl ( ,1992)

3.3

(Kadereit , 1994 ; , 2002) trnL-

4 1

5 12 H
(Bremer , 1994) |,
(Pder et d. , 2002)
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, , Arctium L. 3
; , Bolocephalus Hand. -Mazz.
Pilostemon lljin ;
, Lipschitz (1979)

, 3
; 1 2 , 3 ’
H 3
( 12; 3
DNA
(Bain & Glden, 2000) ,Pd==r  (2002) ,
(Davis & Heywood , 1963) , ,
(Pd=er et d. , 2002)
3.4 trnL-F
(Wilon et al. , 1990;
Gaut et a. , 1992, 1993) , , (Li , 1997)
DNA (Richard-

Dn et a. , 2001a, b) ,
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150
Richardon et &l . (2001a) trnL-F
,0.86 %/ Myr - 1. 64 %/ Myr; 1. 64 %/ Myr ,
Mega 2.0 (Kumer et . , 2001) ,
30 ( )
2 ( 2 (Richardon et d. , 2001a) ,
(
: )
(Wilonetd. ,1990; Gaut et d. , 1992, 1993)
) , , 4000
(Chung et d. , 1998) 3000 4000 , 2000 m ,
;2000 ;1200 , ,
, 300 400 ,
170 ; ) )
(Shi «
a. , 1998) An - (2001)
,Harrion  (1992) 700 800
Qo (2002 , 2200
250 ,
1 (i e d. , 1998) Nannoglottis Maxim. ~ trnL-
= ’ i
340 ,
; 100 - 200 (Liu et a. ,2002)
: ( ) :
, trnL-F ,
ITS , Qmes Ab-
bott (2001) , ,  DNA .
DNA , , RAPD SRR

ARP ,
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