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Circumscription and phylogeny of Saxifraga sect. Ciliatae:
Evidence from nrDNA ITS sequences
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Abstract The largest section of the genus Saxifraga (Saxifragaceae), sect. Ciliatae, consists of 175 morphologi-
cally diverse species. This section is mainly distributed in the Qinghai-Tibetan Plateau and adjacent regions of
southwest China and more than 80% of the total number of species are endemic to this region. It remains unknown
whether this section is monophyletic and up to now no study has been conducted on the infra-sectional phylogeny.
In this study, ITS sequences of the nuclear ribosomal DNA were firstly determined for 33 species mainly from this
section and related sections. We further downloaded the corresponding sequences of the same DNA region for the
other 22 species of Saxifraga and Mitella from GenBank. All sequences were together used to construct the phy-
logenetic trees. The main implications of the phylogenetic analyses include: (1) sect. Ciliatae, as traditionally
defined, constitutes as a monophyletic clade and its sister group is a well supported clade that includes species
from 8 sections such as sect. Porphyrion, sect. Saxifraga and sect. Mesogyne; (2) three morphological subsections,
i.e., subsect. Gemmiparae, subsect. Hirculoideae and subsect. Rosulares were tentatively recovered despite the
relatively low statistic bootstrap support for the last one; however, subsect. Flagellares and subsect. Hemi-
sphaericae were not recognized as separate entities, and nested within subsect. Gemmiparae; (3) subsect. Hircu-
loideae and subsect. Rosulares clustered together as sister subclades while subsect. Gemmiparae diverged early. In
addition, our results suggest that the paired variation of ITS sequences in sect. Ciliatae is relatively low between
the sampled species in spite of their diverse morphology. It is suggested that such a scenario may mirror rapid
speciation in this section that probably trigged by the uplifts of the Qinghai-Tibetan Plateau and the extensive
selection pressure under the alpine environments.

Key words circumscription, ITS, phylogeny, Saxifraga sect. Ciliatae.
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FATIWETTE KB S N BT R, TITSBRAEAZ /N, XA HE S LD = S A AE 7 Tl e Jt A M 408 X () v

RIS S R PR AL IR 45 2R
KR U 1TSS, RGUKH, FEH AR LR

EH % R Saxifraga .2 % H- % %l Saxifragaceae
I K8, 2945 400 FF (Engler & Irmscher, 1916,
1919; Spongberg, 1972; Kohlein, 1984; Gornall, 1987;
Webb & Gornall, 1989; #%#f4&, 1992; Pan et al.,
2001), FE o Anfedbtle by, %@ 2k
OAEACTEVG TS 2R P 5 B HE— 5 e B X AR
TG, B B AT A AR KIHLICK, 1%
JBAETEAE . MM ARSI AR AR,
I PR L 4 K2 E 09— BAE(E S+ L. F Linnaeus
(1753) A7 R H- s g LAOK, S 5 AR 240 2R 57 500
BT T 4 ST, WiHaworth (1812, 1821)
Ht 7 T Linnaeus 2 1)) SR B R & /- R RS, ¥
%8 5 116 &, {H Linnaeus i jE B8 2 K R 4
I 2B 5 RV 2 2 5 52 O gk — 28 58 3% (Don,
1822; Tausch, 1823; Seringe, 1830; Engler, 1872;
Engler & Irmscher, 1916, 1919; Gornall, 1987; Webb
& Gornall, 1989; 4%, 1992; Pan et al., 2001).

oh B A P H R AR 2168, L 139F g
4547 Fh(Pan et al., 2001). —H LAk, %Ik 52 H-
L JEAEYIEAT 73 A5 SR N b . 2014
QAR AT, 2> Hrir K57 5 8w iz & AT i wF T
(R1E%R, 1984; SAEfR, #HH, 1990); 19764F LA
Ja, TEMY) IR KRR VTR R
DX 2R i 3 25 257 TGS ] 2 A1 1) 5 - 2 A ) gk
AT T VE4IIWESY, {EEnglerflirmscher (1916-1919)
(PP R oy R R Gkt b, e FRIE LA Ho
JEAEA)203Fh, IR H o3 8T 3L A MAN 3 .
X84l Ak Mk 4lsect. Birostres (Gornall) C. Y.
Wu & J. T. Pan. Fi si4lsect. Punctatae (Engl.) J. T.
Pan. fifaff-4lsect. Irregulares Haw.. Ek=:4]sect.
Mesogyne Sternb.. /Nt 4isect. Micranthes (Haw.) D.
Don. 17 5% % sect. Ciliatae Haw.. 7% /& 41 sect.
Ligulatae Haw. F1 fi i #f /& 41 sect. Aretiaria
Sternb. (474, 1978, 1982, 1990, 1991, 1992; Pan et
al., 2006). 20014F, fE#4T (Flora of China) Zwfft i,
WA AL se A 5 I A5 AR 3 0] 3 R HE R g R AT T
BAT, WS E A R H @ R A 2168, J& T 07
AU, BINEA ., it dl, Bk, ek A sect.

Porphyrion Tausch. J%H%i4sect. Saxifraga. F&H:
ZHsect. Trachyphyllum (Gaudin) W. D. J. Koch #1115
R.2H (Gornall et al., 2000; Pan et al., 2001). Eb# AR
& (1992) F1Pan%(2001) 18 H-# & 1K) 73 KR 48, KI
=E R AE A 73 R RGP A, (HAE2RIE I
J& LAFAEIR K Z 5+ . 78 (Flora of China) 1, ¥
FEFEDIED T F T2 B o AR i M T 4 1 4
eSS DNITES EE U SITES FEE S 5 X N
INTEHRRAR A BB AR, W O B &)
oF R BUGE ZH AN BE iU AL IR AT SR RE RN T /e, M
LRI & S B NTIE S R ENOP S i YN 43 N
.

FR 48 f AT () 43 AL B, 1) 2 B 4lsect. Ciliatae
R H R s K — AN, LTS R, FE S
A e R X, E 2 Ao A B RO A B G TR
AT 16650, [t DA r195%,; L, 1128
FEIRF A, %41 2080% IR 248 43 A1 1 3 [l 75 8 i B 1
PiRg X (Pan et al., 2001). 7£i% )@ B 1R RS
o SRR R AHAT AR X 2y, A T
RINJTEIT 5 774K %K (Pan et al., 2001). {H7E
Gornall (1987)F1i7% 7 &t (1992) 1) 1% H- ¥ J 43 25 v,
L =F R R AT T WA IX 73, {ERk i R
Har AN AAN AL, B 2 4 subsect. Gemmiparae
Engl. & Irmsch.. #7473 4lsubsect. Hirculoideae
Engl. & Irmsch.. 3% )8k IV 4 subsect. Rosulares
Gornall F1## &) £ WV 21 subsect. Flagellares (Clarke)
Engl. & Irmsch.; 1fiGornall 244> 774, BIRR
T EiR4A W4l 46, & f subsect. Hemisphaericae
(Engl. & Irmsch.) Gornall. subsect. Cinerascentes
Engl. & Irmsch.flsubsect. Serpyllifoliae Gornall. 1%
M = B hr AR ) 1 oy AR 2R, LI
AT A o 7 o A Ly RS RS B L. DX (B
T SRR AR 43); A RS U RO R R A
Tz X 1) 2 g N YL — 5 (Webb & Gornall, 1989;
AR AE, 1992; Ohba et al., 1995). 5 5<% X #i1)
R B USROS R A, an A
2y 7 T Bt 44 B Compositae 1) % 7 J& Ligularia
Cass.- 7 3k %j J& Cremanthodium Benth.- f# H! & J&
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Parasenecio Smith & Small & & # . X T % &
Saussurea DC.. ZZF}Polygonaceael) K i J&Rheum L.
FI4R 4% FFPrimulaceae 1Y 25 Hu ¢ & Androsace L3
T TR AL . 45 R, 7K Le 8B W,
JRUETEE T FY, (HDNAZKE I 40 A,
YIRS S LT B UG R, Ao e RO
& NS4 (Liu et al., 2002, 2006; 4, X
4, 2004; FE4:%%, 2004; Wang et al., 2005).

AT RGPk Y], RE g T 1)
RO K RIAEAEVFZ BN  WSoltis% (1996)F)
HrbcLFImatkKEE PR 0} J HE 5L S8 0EAT T 70 i, 45 Rk
HIZ A — AN R HE, 1 H B N ARl 75 I A RE
T M S IR g A 25 B R4 K &R . Conti 4%
(1999) K FIITSFmath 5 P50t BRI 43 A1 11 1% H- 5
TR AT T, N T4 AZE DN RR
B, 24— SRR 5 BRI — 3, Vargas®H
(1999) R HI ITSHE R of b v it i [X 73 A1 1) p H- 521
FPHAT T 20 F RO PEAERE ST, DA b a] Be Xt 7y
A 7 WM AL AG A 7 T B R A R S ) T A R B
SRR . R, H E AR R RGBT TUAR WL
e, R e ok ot AR X AL AT 0 R ST AR, X
A — S Z AU ) X R FE o RS (2 S, W
e, 1997; 4%, 1998; J13iE, 2001). sk b, (h=
RAFFAAAEVF 2 RGind: (U)=FER AL TG
WebbF1Gornall (1989) 71 i i& (¥ —Ff, HERI B — A
HARBE? ARl 2B & 8, NfH4TE (Flora of
China) (Pan et al., 2001)4ufff i, K L ALK 53
EE IS NTE S 2 B2 WP e S (G (2 PANE B N2 L
Tl (2) Ll = SLAH A A [ (1) R G A0 O SR W fe] 2
(3)Webbf1Gornall (1989)iA J tli=f: L4 Al fE L sect.
CymbalariazE 2 X & filr, T2 2PN IX ALY
(R O AE IR AN A MM 1T HL s (AR S 2 R
Feir (11 2F R 41x=8, sect. Cymbalaria x=9). 1113¢ 241
FUTE S5 R — N AL SR 2Ok R d i, JEsect. Cym-
balaria, i 2 At ?

2 HE AR DNA (1) P i s [ Bg X (ITS) 7 51 i T
A AR LR A B, O N TR
W E WA IEgR IR RN RE K E
14325 1) 8 (Baldwin, 1993; Baldwin et al., 1995;
Vargas et al., 1998; Liu et al., 2002, 2006; ik, =1
¥k, 2002; Wang et al., 2005). ITS/FHIZEWTST HE H- 4L
B JeE PN A TR 5% R I A4S 21 T B i N H (Conti et

al., 1999; Vargas et al., 1999; Vargas, 2000). A, A&
SCAERT BT 2t b, 38 3 o6) b B = 5L
S REHERNTS 51 7041, BRI HR G R R

1 M#FTE

11 ##d

AR F I bR B Ll A LA M A 20 4533
TPt e, Horp 2R 3RS AR A, HAR21F
S MR IR PR T R BT e, =R SR A AR
F28%, W RSN, PESRIERRL, FEiEbrA
PR A7 T R 27 B 78 b Js AR 0 B 5 B b A TR
(HNWP). AT R HHE4 . sect. Cymbalariafil
sect. GymnoperaZs 2 SL22 R AW I TS 541 21 A
GenBank, 7 % & i i Vargas 55 (1999) Fil Vargas
(2000) AT -
12 REAHE

fek J52 - J5 1 R 1% 5 DNA R BUCR: F CTAB
(Doyle & Doyle, 1987), >k [ 45 A f - F K
CASsuper Plant Genomic DNA Isolation Kitijl &
(i BRI v A A0 BHEB A7 BR 2w ) AT 4
Ho ITSDX 14384 % I White 25 (1990) fifi ik 11 18 i 51
¥ 1TS1  (5-AGAAGTCGTAACAAGGTTTCCGT-
AGG-3)fIlITS4 (5-TCCTCCGCTTATTGATATGC-
3). ¥ 44 N AEBiometra Thermal Cycler PCRY™ 1
CEREAT, RARY R 2 B A = 55 (2005) 11 77
L5 9 1)K ] CASpure PCR Purification Kit
A (T T R o AR A0 BB A7 BR 2 )
gl Al Jm iy R AR AR 5 T TSTANI TS A3k
TP OV, [RONVAAZR 10 pL, G PCRAIAL ™
YAH1.0-2.0 pL, 519)%1 pL, ET 1.0 pL, BZEK
6-7 uL; FE/F4:95 C 85,95 C 155,50 C 155,
60 'C 90 sTHI3LIK, RJ560 CLRILI0 s. “HIH
Autoseq 96 Plates (Amersham”s m)) 3T 4li4k, 378
MegaBACE 500DNA Analysis System (Amersham
Biosciences Corp.) LREATIN7 . RESHEY HESEBLE
tHZ9700 bp, 1E & PA 4 HEAH B HZ90% L .

I TS0 [ HR 4 GenBank ~ ¢ 1) 2 - 55 i fH 4 )7
G €, Bl A0 7E T GenBank Hr, [A] I A
GenBank i it jZ H- 51 41 . sect. Cymbalaria. sect.
Gymnopera®sA3 KA L 20F ) TS/ 751 . T Fl
RWFH 5 WEL.
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Table 1 The origin of materials (The infrageneric classification follows Gornall, 1987; Pan, 1992; Pan et al., 2001)

et KA FEUEAR A bR
Taxon Locality Voucher GenBank
Acc. No.
EHEESaxifraga L.
L3 R4Bsect. Ciliatae Haw.
Hi % 4 subsect. Flagellares (Clarke) Engl. & Irmsch.
FRARFE H- 5SS, consanguinea W. W. Smith T % Nanggén, Qinghai FR1HJE(S. L. Chen) 2002042 EU158837
WIE & H%ES. nangxianensis J. T. Pan PG4 I8 Cona, Xizang 7B\ (Qinghai-Xizang Exped.) 751492  EU158850
subsect. Hemisphaericae (Engl. & Irmsch.) Gornall
1% FEH¥ES. zhidoensis J. T. Pan ¥ M Yushu, Qinghai T2k SL(W. Y. Wang) 85-608 EU158862
B R 4Bsubsect. Hirculoideae Engl. & Irmsch.
Pl H-5S. egregia Engl. DY )1| 134 Sértar, Sichuan [41H (S, L. Chen) 2003075 EU158836
Tl pE H-HS. egregia var. eciliata J. T. Pan P9 1B 4 Aba, Sichuan [ i (S. L. Chen) 2003035 EU158842
i =E R B S, hirculus L. oS Brochmann 93-219 from GenBank AF374823/24
JE AR PE HHS. hookeri Engl. & Irmsch. Ph3E 7K Quix, Xizang [44HJ%(S. L. Chen) 2002085 EU158840
BT R HHES. insolens Irmsch. Z M NYTLijiang, Yunnan [44H:J%(S. L. Chen) 2003147 EU158841
M L HES, isophylla H. Smith PG5 HKk 2 Nyingchi, Xizang T BN (Qinghai-Xizang Exped.) 751144 ~ EU158848
F M- FEH- LS, kingiana Engl. & Irmsch. T 3% $7 A Nyalam, Xizang 4y 5 2453 25 A (Xizang Chinese EU158851
Medicine General Survey Team) 1556
THE FEH- S, peplidifolia Franch. K HDali, Yunnan [ {H:H%(S. L. Chen) 2003129 EU158843
Wil H® S, pseudohirculus Engl. P58k A2 Qusum, Xizang [t J%(S. L. Chen) 2002107 EU158844
(iR 5 #1S, sinomontana J. T. Pan & Gornall i KitDawu, Qinghai [ JE(S. L. Chen) 2003015 EU158834
JE RS HRES. tangutica Engl. H i K Dawu, Qinghai [4:1H % (S. L. Chen) 2003004 EU158858
/N ] HHLS, xiaozhongdianensis J. T. Pan z M fZhongdian, Yunnan  [:1H:JE(S. L. Chen) 2003168 EU158835
BT 4Esubsect. Gemmiparae Engl. & Irmsch.
I HA g BAES. balfourii Engl. & Irmsch. = M PR Heqing, Yunnan [44HJE(S. L. Chen) 2003164 EU158838
AR H4S, brachypoda D. Don P AR FI Lhinzhub, Xizang g b 552485 20 BA (Xizang Chinese EU158855
Medicine General Survey Team) 1926
ZEE R HELS. gemmipara Franch. Z ML Lijiang, Yunnan M1t (S. L. Chen) 2003142 EU158859
fREFEHHS. strigosa Wall. ex Ser. = M KFEDali, Yunnan FR1HJ%(S. L. Chen) 2003135 EF369514
Vi J3 FE H#S. wallichiana Sternb. = B #3KHeqing, Yunnan B 1t (S. L. Chen) 2003166 EU158847
ERERTE LBsubsect. Rosulares Gornall
1'% He H-#S. dinggingensis J. T. Pan P 1 7 Dénggén, Xizang [t J%(S. L. Chen) 2002053 EU158857
/NEERR LS, gemmigera Engl. var. gemmuligera 7§34 H Darlag, Qinghai EU158856
(Engl.) J. T. Pan & Gornall
/NBELE HLFLS. punctulata Engl. 75 4= Yadong, Xizang ik B\ (Qinghai-Xizang Exped.) 75-7344  EU158854
21 R H-HES. sanguinea Franch. HifE A JfJiuzhi, Qinghai i P\ (Qinghai-Xizang Exped.) 71-616 ~ EU158849
FT i R H-HS. tatsienluensis Engl. DU )1 1L Mt. Zhegu, [41HE 5 (S. L. Chen) 2003048 EU158845
Sichuan
ki FR HES. umbellulata var. pectinata P 5 #fQamdo, Xizang [ 11 (S. L. Chen) 2002137 EU158832
(Marquand & Airy Shaw) J. T. Pan
/N2 H RS, umbellulata Hook. f. & Thoms. PG5k N ¥ Gyaca, Xizang Rt JE(S. L. Chen) 2002118 EU158833
JTUIE B2 B #4S. unguiculata Engl. FHERH LMt Dalijia, [41HE 5 (S. L. Chen) 2004033 EU158839
Qinghai
/\fE4Bsect. Micranthes (Haw.) D. Don
MR H S, atrata Engl. HE . BiHuzhu, Qinghai SR BR(Y. H. Wu) 3057 EU158852
R H S, melanocentra Franch. il K iiDawu, Qinghai B 1 (S. L. Chen) 2003001 EU158846
Z MR HHES, pallida Wall. ex Ser. P ECK FMainling, Xizang B\ (Qinghai-Xizang Exped.) 75-1328  EU158863
S. stellaris L. WS Horandl 2703, from GenBank AF374827/28
Ffarht4Esect. Irregulares Haw.
Vil H-#S. fortunei Hook. f. ws Soltis 2519, from GenBank AF374821/22
#&Mt4Hsect. Trachyphyllum (Gaudin) W. D. J. Koch
S. tricuspidata Rottb. WS Parker s.n., from GenBank AF087601/31
FkZ4Hsect. Mesogyne Sternb.
FARIFEH S, cernua L. H il #k#izhangye, Gansu #9A(R. F. Huang) 91-3119 EU158861
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%1 (42 Table 1 (continued)

Ve it RAEEH TEUEAR A P
Taxon Locality Voucher GenBank
Acc. No.
B fk4Hsect. Porphyrion Tausch
H iz H#S, afghanica Aitch. & Hemsl. 7342 1ENengqgén, Qinghai F 4 X(W. Y. Wang) 82-0016 EU158853
S. blepharophylla A. Kern. ex Kolb. Alps, Austria, from GenBank AF504545
Schladminger Tauern
PR Ja % H- LS. oppositifolia L. Alsaka, Anchorage from GenBank AF502089
HOREH S, pulvinaria H. Smith WA R T EU158860
Taxkorgan, Xingjiang
S. smalliana Hulten Alaska, Seward penisnsula from GenBank AF504544
EE & Hsect. Saxifraga
S. aphylla Ten. Austria, Innsbruck D. Gémez, from GenBank AF261160
S. babiana T. E. Diaz & Fern. Prieto Spain, Le6n, Truébano 2992PV, from GenBank AJ233879
S. bulbifera L. Italy, Fiuminata from GenBank AF261166
S. exarata Griseb. Austria, Glochturm, Plats D. Goémez 1994, from GenBank AJ233861
S. granulata Desf. Spain, Malaga, Jubrique 3PV97, from GenBank AJ233860
S. osloensis Knaben WS Brochmann s.n., from GenBank AF087608/38
S. pentadactylis Lapeyr. Andorra, El serrat Aedo et al., 11918SC, from GenBank AJ233862
sect. Cotylea Tausch
S. rotundifolia L. Cult., K BBG 267-94-80-10, from GenBank AF087598/
AF087628
sect. Cymbalaria Griseb.
S. cymbalaria L. WS Ferguson s.n., from GenBank AF087599/
AF087629
S. hederacea M. Bieb. Libya, Wadi Kouf Davis 50203, from GenBank AF261182
sect. Gymnopera D. Don
S. spathularis Brot. Spain, Pontevedra, Vargas et al., 21ML88 AJ233858
Vilasobroso from GenBank
sect. Hetersia (Rafinesque ex Small) A. M.
Johnson
S. mertensiana Bong. WS Grable 11586, from GenBank AY231367
sect. Xanthizoon Grisebach
S. aizoides L. oS Brochmann 92-78-1, from GenBank AF087624/
087594
4MZEE¥Outgroup
Wi A E J& Mitella Tour. ex L.
Wi M. nuda L. from GenBank AB163495
M. kiusiana Makino from GenBank AB163527

1.3 SMEBEESE

AT LT B SR Y 5= Mitella Tour. ex
L. (9 5 P K 4 W Wl %5 M. nuda L. F1M. kiusiana
Makinoff: 4N, P41 H GenBank, 7415 Il
%1,
1.4 HEES

317 FICLUSTAL X% 4:(Thompson et al.,
1997) A #h 58 i Jn, T L 24 KL 1F LA FE 21 5
G, HEB R4 FHPAUP*  4.0b10% 44 (Swofford,
2003) AT £t oAt . A (gap) 4f LA Mk SR A
il 29k Parsimony 73 4 2K H 4 R 1B 1 58 B, B —
HEPIERTBR, JA K% % Heuristic search, £
PEIEFEMULPARS. ACCTRANL AL AI100 7 B AL B

I ES, 1 E EEBootstrap analysisks I 5 Zi 44,
H F& %P5 42 4 1000 X (Maddison, 1991) . £
MrBayes 3.0b4%%{(Ronquist & Huelsenbeck, 2003)
g UL i 16 Bayesian inference (BI)7)> T~ 2 Zi#,
% FH GTR+G A 5 3E T U5 1% 2045 4 (1 DNAZE A6 A
R R AL AN B R AT R, HLiE47500 /74X,
100X HlAE — Ik, 200 A 0 2 A fl A 5000 1K, X 7l
R 145000 R Er A AL 55 B, DL AR
(posterior probability)(PP)1E 4 vEAk S 4k .

2 R
FEFTIRE P -5 1) 2 S 28Ff e, Fli i) /s
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B 2 5 40, A7 1L T B 14 78 H ESaxifraga umbel-
lulata var. pectinata '] 75 2 H-%LS. dinggingensisZ
B]; Je KA 1.48%, f77E THREIEH HS. strigosa
54T % 8 B LS. tatsienluensis £1 T 3 ;% H- 21 S.
unguiculata [ .

A SIS 33 2 H- L S A (I TS X 41 Al
M GenBank 3k £3 [#) 20 it 2 H- 5 @ A5 4 1R I TS X (75
5.8S) 7 41 (¥ B s [l k647681 bp. A ALAE Ay i ok
ARBRI, ITSA P AU HEFe I 0715 bp, Herh
263 M5 BT A, o5 B K36.7% . ITSTIRC S
Filoh247-316 bp, 7 JEH A H350 bp, Hrb45120

97
100

sect. Ciliatae

N\

95
100

100

99
100

97

2008 464554

AMERALA, R 134.3%; ITS21KK G Y

66-238 bp, HE/7JE KA N253 bp, HorbE BT 14
AN, AT R5.5%.

PLuE iy FMitella nuda M. kiusianaly #FEHH,
A kR IR 15 704 BR T 2R, B K T2 R
(maximum parsimony, MP)Z — 1, DK
=1479, CI=0.523, RI=0.809, J4iH 55 10007K % 7
Y JE S FE 2BV (bootstrap value) it o A1 UL
VS VR IR DL RS # (Bayesian inference, Bl)
DLEIL, R EARE SRR ZE PP . BIF FIMPHY (1)
N SR HEA B, FUR SRR A AN

. balfourii

. gemmipara

. strigosa

. consanguinea

. nangxianensis
zhidoensis
wallichiana

. brachypoda

. egregia

egregia var. eciliata

. insolens

. Xiaozhongdianensis

. peplidifolia

. pseudohirculus

. sinomontana

. hirculus

. hookeri

. isophylla

. tangutica
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Fig. 1.

One of the 704 most parsimonious trees (length=1479, C1=0.523, R1=0.809) and fifty percent of Bayesian majority rule consensus tree

obtained from ITS sequence data. Numbers above and below the branches indicate bootstrap support and the Bayesian posterior probabilities,

respectively.
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b A T L0 E R0 DU By i o A 4 SR, R I
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IR S R AR

L= 21 53 S BTl RSN A 53 oA K S,
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K42 M 2 WF 2 subsect. Gemmiparae . #fi )
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LTS R 77 HL2F L HE R DL T A
FEREE A I Rl R R SRR Ll LA
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X4, 2004). A, LET R SRR )
Tl PR 43 A A 77 A2 1 b DX RE A P 1 ) 3 3l R, 3
T 13E 20 6 T K e SR b DX 23 A ) H A R i A A 3k

ATRAIE o

it RO KT E BRI L AT
Ay BT R R LA IE ey W eh, A
A EEREE. s, BB B
T RFT L EEFESTANZ TR P LTS,
K B AAF A4 (30170066) % 84 .

2% 30k

Baldwin BG. 1993. Molecular phylogenetics of Calycadenia
(Compositae) based on ITS sequences of nuclear
ribosomal DNA: chromosomal and morphological evolution
reexamined. American Journal of Botany 80: 222-238.

Baldwin BG, Sanderson MJ, Porter JM, Wojciechowski MF,
Campbell CS, Donoghue MJ. 1995. The ITS region of
nuclear ribosomal DNA: a valuable source of evidence on
angiosperm phylogeny. Annals of the Missouri Botanical
Garden 82: 247-277.

Brochmann CT, Xiang QY, Brunsfeld SJ, Soltis DE, Soltis P.
1998. Molecular evidence for polyploid origins in
Saxifraga (Saxifragaceae): the narrow arctic endemic S.
svalbardensis and its widespread allies. American Journal
of Botany 85: 135-143.

Chen S-Y (%4 =), Chen S-L (BR1H:7%), Xia T (B i%), Wang
Y-J (L E4:). 2005. Phylogeny of Metagentiana and
related genera (Gentianaceae) inferred from nuclear
ribosomal ITS sequences. Acta Phytotaxonomica Sinica
(K5 J824) 43: 491-502.

Chuang H (E3f). 2001. New taxa of Saxifragaceae from
Yunnan. Acta Botanica Yunnanica (z FgHI¥IHI9T) 23:
143-161.

Conti E, Soltis DE, Hardig TM, Schneider J. 1999. Phylogenetic
relationships of the silver saxifrages (Saxifraga, sect.
Ligulatae Haworth): Implications for the evolution of
substrate specificity, life histories, and biogeography.
Molecular Phylogenetics and Evolution 13: 536-555.

Don D. 1822. A monograph of the genus Saxifraga. Transaction
of the Linnean Society of London 13: 341-452.

Doyle JJ, Doyle JL. 1987. A rapid DNA isolation method for
small quantities of fresh tissues. Phytochemical Bulletin
19: 11-15.

Engler HGA. 1872. Monographie der Gattung Saxifraga L. mit
besonderer  Beriicksichtigung  der  geographischen
Verhaltnisse. Breslau.

Engler HGA, Irmscher E. 1919. Saxifragaceae: Saxifraga Das
Pflanzenreich, 67, 9 (IV 117): 449-709.

Gornall RJ. 1987. An outline of a revised classification of
Saxifraga L. Botanical Journal of the Linnean Society 95:
259-272.

Gornall RJ, Ohba H, Pan J-T. 2000. New taxa, names, and
combinations in the Saxifraga (Saxifragaceae) for the
Flora of China. Novon 10: 375-377.

Haworth AH. 1812. Synopsis plantarum succulentarul. London.

Haworth AH. 1821. Saxifragearum enumeratio. London.

Jin L (4:2%). 1998. The ultrastructure of Saxifraga tangutica
chloroplast and mitochondria. Journal of Qinghai Normal



IKAFEYAE: R L RA M T EM ARG T K DNAITS JP8ilikd; - 675

University (Natural Science) (i ifsIlivi 2= 244k (H 28 FF
2£1)) 2: 49-53.

Kohlein F. 1984. Saxifrages and related genera. London:
Batsford.

Linnaeus C. 1753. Species plantarum. Stockholm.

Liu J-Q, Gao T-G, Chen Z-D, Lu A-M. 2002. Molecular
phylogeny and biogeography of the Qinghai-Tibet Plateau
endemic Nannoglottis (Asteraceae). Molecular Phylo-
genetics and Evolution 23: 307-325.

Liu J-Q, Wang Y-J, Wang A-L, Hideaki O, Abbott R-J. 2006.
Radiation and diversification within the Ligularia-
Cremanthodium-Parasenecio ~ complex  (Asteraceae)
triggered by uplift of the Qinghai-Tibetan Plateau.
Molecular Phylogenetics and Evolution 38: 31-49.

Luo P (F'M), Tian X-Q (HIIEXY). 1997. An investigation on
folk medical plants of genus Saxifraga L. in Northwest
Sichuan Plateau. Chinese Journal of Ethnomedicine and
Ethnopharmacy (H 18 [ [ 7] 22 24 %K) 25: 32-34.

Maddison DR. 1991. The discovery and importance of multiple
islands of most-parsimonious trees. Systematic Zoology
40: 315-318.

Ohba H, Wu S-K, Akiyama S. 1995. Saxifraga: studies of the
flora of the Kunlun and the Karakorum Mountains, Central
Asia, 2. Journal of Japanese Botany 70: 225-232.

Pan J-T (#&#i%). 1978. The genus Saxifraga in Qing-Zang
Plateau. Acta Phytotaxonomica Sinica (47> 25 2%4K) 16
(2): 11-35.

Pan J-T (747 7%). 1982. The relationship between distribution,
evolution of Saxifraga L. subsect. Gemmiparae Engl. et
Irmsch and Qing-Zang Plateau uplift. Acta Biologica
Plateau Sinica (=5 J5 L4 # 45 T) 1: 27-34.

Pan J-T (3% 4). 1990. New taxa of the genus Saxifraga from
China. Acta Phytotaxonomica Sinica ()73 2% 4K) 28:
384-396.

Pan J-T (3#%mi). 1991. A study on the genus Saxifraga L.
from China. Acta Phytotaxonomica Sinica (F47>25%
1) 29: 1-24.

Pan J-T (#¥##4%). 1992. Saxifraga L. In: Flora Reipublicae
Popularis Sinicae (' [EtE#)&). Beijing: Science Press.
34 (2): 35-231.

Pan J-T, Gornall RJ, Ohba H. 2001. Saxifraga L. In: Wu Z-Y,
Raven PH eds. Flora of China. Beijing: Science Press; St.
Louis: Missouri Botanical Garden Press. 8: 280-345.

Pan J-T (#&4E), Mei L-J (MFWF4E), Chen S-L (FRtH k),
Zhang D-J (7k15§4%). 2006. Saxifraga banmaensis and S.
dinggingensis, two new species of the Saxifragaceae from
China. Acta Phytotaxonomica Sinica (Fi4) > 252411) 44:
443-446.

Ronquist F, Huelsenbeck JP. 2003. MrBayes 3: Bayesian
phylogenetic ~ inference  under  mixed  models.
Bioinformatics 19: 1572-1574.

Seringe NC. 1830. Saxifragaceae. In: De Candolle A P ed.
Prodromus systematics naturalist regni vegetabilis. Paris 4:
17-47.

Soltis DE, Kuzoff RK, Conti E, Gornall R, Ferguson K. 1996.
matK and rbcL gene sequence data indicate that Saxifraga

(Saxifragaceae) is polyphyletic. American Journal of
Botany 83: 371-382.

Spongberg SA. 1972. The genera of Saxifragaceae in the
southeastern United States. Journal of the Arnold 53:
409-498.

Swofford DL. 2003. PAUP*. Phylogenetic analysis using
parsimony (* and other methods). Version 4.0b10.
Sunderland, Massachusetts: Sinauer Associates.

Tausch | F. 1823. Hortus Canalius. Decas 1, Prague.

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins
DG. 1997. The CLUSTAL_X windows interface: exible
strategies for multiple sequence alignment aided by quality
analysis tools. Nucleic Acids Research 25: 4876-4882.

Tian X (FHJiK), Li D-Z (Z484k). 2002. Application of DNA
sequences in plant phylogenetic study. Acta Botanica
Yunnanica (z FIEZIIT L) 24: 170-184.

Vargas P. 2000. A phylogenetic study of Saxifraga sect.
Saxifraga (Saxifragaceae) based on nrDNA ITS sequences.
Plant Systematics and Evolution 223: 59-70.

Vargas P, Baldwin B, Constance L. 1998. Nuclear ribosomal
DNA evidence for a western North American origin of
Hawaiian and South American species of Sanicula
(Apiaceae). Proceedings of the National Academy of
Sciences USA 95: 235-240.

Vargas P, Morton CM, Jury SL. 1999. Biogeographic patterns in
Mediterranean and Macaronesian species of Saxifraga
(Saxifragaceae) inferred from phylogenetic analyses of
ITS sequences. American Journal of Botany 86: 724-734.

Wang A-L, Yang M-H, Liu J-Q. 2005. Molecular phylogeny,
recent radiation and evolution of gross morphology of the
rhubarb genus Rheum (Polygonaceae) inferred from
chloroplast DNA trnL-F sequences. Annals of Botany 96:
489-498.

Wang Y-J (EE4), Li X-J (Z2/NE), Hao G (#iNI), Liu J-Q
(X4). 2004. Molecular phylogeny and biogeography
of Androsace (Primulaceae) and the convergent evolution
of cushion morphology. Acta Phytotaxonomica Sinica (i
P2 4R) 42: 481-499.

Wang Y-J (EE4), Liu J-Q (XIg4). 2004. A preliminary
investigation on the phylogeny of Saussurea (Asteraceae:
Cardueae) based on chloroplast DNA trnL-F sequences.
Acta Phytotaxonomica Sinica (Fi4%15>25541) 42: 136-153.

Webb DA, Gornall RJ. 1989. Saxifrages of Europe. London:
Christopher Helm.

White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and
direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In: Innis MA, Gelfand DH, Sninshy JJ,
White TJ eds. PCR protocols: A guide to methods and
application. San Diego, California: Academic Press.
315-322.

Wu C-Y (R1E%i). 1984. Saxifragaceae. In: Index Florae

Yunnanensis, Tomus | (= FHREY 4 %, L.
Kunming: The People’s Publishing House, Yunnan. 228-246.
Wu C-Y (5fiF4:), Pan J-T (74H%). 1990. New taxa of the
genus Saxifraga from Hengduan Mountains. Acta
Phytotaxonomica Sinica (Fi# /> 24 1}) 28: 54-67.



