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Molecular phylogeography of alpine plant Metagentiana striata
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Abstract Herbaceous plants have a short life cycle and are sensitive to environmental changes. Thus, they may
serve as good models to elucidate historical processes of plant populations since Quaternary glaciations. Molecular
phylogeographic analysis is a powerful tool to reveal the population history of plants and animals. To understand
the geographic history of alpine plants in the Qinghai-Tibet Plateau, which is still poorly known, we surveyed
sequence variation of the chloroplast DNA (cpDNA) noncoding fragment trnH (GUG)-psbA intergenic spacer
throughout the range of Metagentiana striata (Maxim.) T. N. Ho, S. W. Liu & S. L. Chen, an annual and herba-
ceous alpine plant in the Qinghai-Tibet Plateau and adjacent areas. Seven haplotypes were detected by analyzing
155 individuals from 13 populations of this species. One haplotype (A) was common and widespread, and three
haplotypes (E, F and G) were unique in their populations. The center of haplotype diversity is located in the
Hengduan Mountains of southeastern Qinghai-Tibet Plateau, with 2-3 haplotypes present in each of four popula-
tions. In populations from the northeastern and eastern Qinghai-Tibet Plateau as well as from adjacent regions,
however, only a single haplotype was found in each population, with different populations having different haplo-
types. An analysis of molecular variance (AMOVA) for populations of M. striata showed that the genetic varia-
tion mainly resided among populations (73.05%), and the estimates of interpopulation differentiation were very
high (Gsr=0.805, Fs7=0.731, Nsr=0.859). Further, a significant phylogeographic structure was present (Nsr> Gsr,
P<0.05) whereas the value of average gene flow was low (N,;=0.184) in the entire geographical range. Along with
the nested clade analysis (NCA), our results suggested that the Hengduan Mountains of southeastern Qing-
hai-Tibet Plateau served as a possible refugium during the Quaternary glaciations, and the interglacial or post-
glacial range expansion by plants from the refugium followed by allopatric and past fragmentation shaped the
present distribution patterns of haplotypes and populations.

Key words alpine plant, cpDNA, Hengduan Mountains, Metagentiana striata, molecular phylogeography,
refugium, trnH (GUG)-psbA.
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KoMt [, A58 Hap E< Hap FAIHap G2l 1SR REITRE G 1. W AR AL IR AR 0 A SR D) B S e
P P A B, 1T v S AR T BT LL DX R PR R AR TR, R AR AR AL . 0 1R 5 7 T (AMOVA) 4 SRR W
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HEA I3 A DX A% SO S e IE AR 5% A S 0 AT AR T FR RE 1) (73.05%),  HLJ& B 1) ) i % 70 A0 AR 1 (Gt =0.805, Fsr=0.731, Nsr
=0.859), H A 3 o8 Sk b B 2% 45 (Ns>Gst, P<0.05) FUAS AR [ Ji Bt 18] 1) 37 32 38 R (N =0.184) o 25 & B A SZ RE T
(NCA), 2 HEA S AT 5T &5 SR 00 5 5 v D A o S AT 1L X 2 A A 5 DU 22 D U0 el T 5 A 30 s I, i LA TR ok 30 sl vk 30 F
P Bt ek A B AR 25 B Ak REXE BT % A T TR 9 51 T TR 24 B3 2 R S P A AT A S

KR R, HARRDNA; BTG SRSURETERE; 7 1RGN B S R

FA M TR BRI e, T34 i
114000 m, M Bim. BR. BRI,
XEAHEME AR ENAEE RS, 2RENE
ARSI E L E DR E R, R A MR
SRR O A, 1998) 0 Bl i M AR 1 7] P A 1) T
W, SRR R Kk, 7E T s R AR
TR EFRIGEE AT R AE, e R R
(1) LU AARRIT IR I 2 b P2 R 1) e 22 A TLARL A3 1) 1
A In o LR (PN EY, HBE, 1998). JohE, 757
R BACHI ) X AR R HE AN 20 ik, AN B TR
AR AEZ LM RGN, 7 H A S =4
LK 1) 7 Jss I TR 2 D9 e ik U1 A6 o 5 A=Ak e
PEA A Z DI R(FLIRR S, 1996). BE T
B R 2% K 20T 2030 A Rl T4 0 758K v JEUAE 42
X R MR S AT 9T, 45 HR 3 W 7 e e A
WX R PR A 8 8 bR A B, X R
W — LR X RED], A LEE R R
TR e J A R e B D B B — AR IX R
(Ward, 1927, 1935; %fiF%E, 1980, 1987; il Ih4E,
1995); [AIINF, SAE4R (1980, 1987)IN kT ik g it 4%
T IS AR T L [ 2 DU 20 oKk U s DA O 22 1 L 42
JUTL S T DX AE A IR BEE BT, UK A 3 A XA
Wi T S YRR S 2 — . SR, X SERFAT4E
WHS AR ZH X (0 2 . R AR
FIACAEDI X REFAE T A o Bl RE U6 )
R PR B A A TR A A AR AR 2, AN RE A A A
HiL DX X ZR SR St A g A T, DRI 7 AL AR
TRURTES iR AR DU I M 00X — ) i, 4
K IR T R GE K ) 7 O S Hb B 2% (molecular
phylogeography) 43X 77 IR 42 (i 1124 24
TH, Hur 2 AR JE #FDNAAR
SR ZR UG 7> M AR IR Z T 8 20 AL A L A
JATH B2, M n] gt — S HEN Rl >4 57 53 Ak =)
(I3 s TR, R et R 8 s H ER 1 B2 2R U 200k 1 5
[ K S SRS R 10 g sk ks, AE A3 F 2 DY)
FRAEIL D7 50 A L2 Bh A1), LEOK HTIE 45 21 A

trnH (GUG)-psbA

(refugium), T 7E 8] UK B Sk 30 45 01 J5 Ok B85k
T AR Tl 73 41 % JRi (Cheng et al., 2005; Tkeda &
Setoguchi, 2007; Meng et al., 2007). £EFHREKF_E
FEAS DN N 5T 22 b A5 FH 200 i 2% 26k DT A (3 A0 d &g
PRFE DRI ZH (cpDNA) FIE R AR SE PRI A, 32 R oA A% A
DRI gt T8 0%, sema Rl gid 22 . K10 40 Jf o 2
DRIZH AT i s AL (R R, A PRSI AN R AR
M, AT R, P ez is TR Y
20 UK I LAk 4 b b B i S T % % 4 () i
(Avise, 2000; JLIREE, 2002; Templeton, 2004; Qu et
al., 2005; Yang et al., 2006; Afzal-Rafii & Dodd,
2007). cpDNATELLK Z Kl 7R o BEAEAT,
AGZ A, 1/t T — MR BEPIAR
R AE bRad, Ae B b s e e T b4 iom 5 [ )
LGSR 2 S, ARV 2 AP 731 2R SR AR5
T T ] o T — e cpDNAF A 4 i [X 458,
AE X 73 H Bl Py 22 i 5 4% 7Y (haplotype) (Mogensen,
1996; Tremblay & Schoen, 1999; Petit & Griver,
2002), FFSASE TR HRE N 25 0C /M, FR45 G Hth
B3 Ak Jm FH R BRI R T 18 17 2 DA K i JBORH “< 4i
S5 SR AT R AT U AT A 4 (Petit et
al., 2003; Alsos et al., 2005). 4T ZUHATERH . b
B or AR AN UL S AU X () B A U %
(Hewitt, 1996, 2000; Abbott et al., 2000; Stehlik et al.,
2002; Abbott & Comes, 2004; Schonswetter et al.,
2006; Belaj et al., 2007; Naciri & Gaudeul, 2007), {H
DA R ey Ji s DX AR E MR ) R R AR R FE TA
IR AN % i X 23 A (9 R A A 9 A0 3% 3] A
Juniperus przewalskii Kom. F1 5 4% Picea crassi-
folia Kom. BT T 43 TRk i3 22 1)1 5T (Zhang et al.,
2005; 5KpE4E, 2005; Meng et al., 2007), 116 <75 ik
e DR DX B A ) PRI 1 A AR

YUK S e H Metagentiana striata (Maxim.) T.
N. Ho, S. W. Liu & S. L. Chen3itJ& T- JuJlH B} Gentia-
naceae$ 58 JE Metagentiana(Ho et al., 2002), &
M AT & A& % B e IH & Gentiana (Tourn.) L.BEEE4



sect. Stenogyne Franch. H' [¥) 4k 4L Jb IH Gentiana
striata Maxim.(Ho & Pringle, 1995). iZfa%) 3 %
OIAT T e SRR A S AR i b X, AR
AR, A KAEHEIR2200-4300 miIAKRS | HEM K
fer LB A T T AR A A I R AR DA RN B
B AR I RURE, RHZ AT 315k S B 2 At
FU ] e 2 B L b 48 s T R v D i XS DY 20 oK 3 A
KA AR D S0 R e DR, ASHIFo T A
WA 55 2% SUBR S50 N HEAS M P 23 A 3 [ 134 J
BE155 AN AcpDNA S i H BeernH (GUG)-psbA
FE [R [4] [X. (intergenic spacer) [ /3 &1 A8 5 ( ¥ £i% 7Y,
haplotype), KUEAT 73 1R G HLIE = 5T, AT 4E7R
A A Y P I B A A L R R AL 4 DL
UKIU IR PRI IREXE T S KU I RIS 1 4k

1 #RFAE

1.1 #HREE

AL T 2 8O S8 M3 J 3L 155
AAME, BT ATEE . MR BT DI
kAT &, ARG RS20 MEGR L H
1), JERENAMEZ 8 2 DA RS mEL b, i gl
KAEG, MR T, SRR AL T E R
B VG b i S AR P ST AR AL (HNWP)
1.2 KA

Tl R i R H gt (Y CTABYZ (Doyle &
Doyle, 1987)$2HUSDNA . 75T BT i BEAN AT K
FUASEI P 5, 1 203 B A7 ¥ A B Sz 1 5
A BEIL25 AN AR (BB i B S AN 4) 1) 5L DNA
#4731 cpDNA g 15 Ji Bt (psbB-psbF «  rpl20-5'
rps12FltrnH (GUG)-psbAJE DR 1] X)) 1477 1 R0
PLSR R AR KT LRI 22 71 A B, 1X3
A B S 5K Hamilton (1999) ik, 435l
i psbB (5-GTTTACTTTTGGGCATGCTTCG-3")
Al psbF  (5'-CGCAGTTCGTCTTGGACCAG-3) .
rpl20  (5-TTTGTTCTACGTCTCCGAGC-3") 1 5’
rps12 (5-GTCGAGGAACATGTACTAGC-3"). #rnH
(GUG) (5'-ACTGCCTTGATCCACTTGGC-3") A
psbA (5-CGAAGCTCCATCTACAAATGG -3'). Wf
FEER RN, trnH (GUG)-psbA J BE R I T 5 i 1)
Pl 7R 5, DRI 356 5 | 00t 4 SO S5 R BRI T
BAEIATY GRS, GortREA Faff ) s 1

Uik 5 R AR SORE RN 5 TRy 575

P 48 % I {f Biometra thermal cycler PCR
(Tpersonal 48)4 M4 FiEAT, KIVAKRFR 25 uL, W
1 2.5 uLif 10xPCRZE#%(1.5 mmol/L MgCl,), 0.5
uLff110 mmol/L dNTPs, 5|#jtrnH (GUG)HMipsbAs
1.25 uL (5 pmol/L), 0.5 uLf{Mg*", Tag DNAS Z1if
0.25 uL (1.25 U), SDNAREAR1 pul (10-20 ng) LA K&
MAEIK17.75 pLo § 38 S NAEFF4: 94 °C 4 min, 2
LA3SAMIEIR[KI94 C 50's, 56 C 505,72 C 75 s,
KJELL72 'C 7 ming5i . 387 PRk H CASpure
PCR Purification Kitififll & ( Fig BT S A 40.0
BB PR 7)&lidk . 2k 5 1 7= 2R FH AR 1R
5] ¥ rnH (GUG) 1 psbA . Amersham 23 #] ]
DYEnamic Dye Terminator Cycle Sequencing Kitix
FIEBEAT I FPCRY 1Y, SVAKRZRA10 uL, f45:
PCRZEAL =) }1.0-2.0 pL, 514941 uL, 2.5 uL ET,
4.5-5.5 pLRZEIK; PR 95 C 855,95 C 155,
50 'C 15 s, 60 C 90 sfiE#F31ik, MJa60 TR
90 s. =¥ H] Autoseq 96 Plates (Amersham/A ) )47
glift,, JF7EMegaBACE500 DNA Analysis System
(Amersham Biosciences Corp.) LA TIF . &R 45
Kfie 563 29300 bp, 1F S 4% BE T 5 1590% LA
t.

1.3 RS

FClustal X% f4-(Thompson et al., 1997)34T )+
SR HES, FEINCAT T S IE . ErE R
XHEHf G, H1DnaSP4.0 (Rozas et al., 2003)F¢ )54t it
cpDNAFAE AL o DLUAEAN A [m] S0 R A A48 H
FUS R AMREOH R A B, SR TSR R
R A T 2R (BL Z AR, Hg)(Neid, 1987); 1K
fiiPons M Petit (1996) T filiidk )77k, HeTH [F] Y 5
A, cpDNA JE A -1 15 A% 2 #EVE (Hs) F
Joh R 384 22 MR Hy, s ORE TR) 35 A% 3 A6 R B Gt
(Raymond & Rousset, 1995) Fll Ngr 1€, HI %2 /7
PERMUT?2 (http://www.pierroton.inra.fr/genetics/labo/
software; 2000K & 4 56) FIHAPLODIV 5 111453 o
fETUGE T T VAR Gsr MINsT#EAT HE R (Pons &  Petit,
1996), GsrfH B TH&E IR ST T s B i, i
NerJUHE A5 3 2 [ ) 22 e B 5 e AR N o B X e v
SRR P LIRS, 6 B35 PR A S /R L9317 X PR B
1R, UR Nt 235 KT GsrfE (P<0.05), WK HIE
G R AR AR R Ja e b ok A, HATE W
TSR S B 24 4 44 HH B (Pons & Petit, 1996) .
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® Sampled Locations

’b_ ! 00 miles S

Bl SO s S S ARDNA LS R A1 i 5 (1-13) 5 R 1 Mg 52— 2.
Fig. 1. The sampled locations of populations and distribution of cpDNA haplotypes within and among populations of Metagentiana striata. ~All of

the population codes from 1 to 13 are accordant with Table 1.

I H ARLEQUIN#X {f-f3 (version 3.01; Excoffier
et al., 2006)' 17>+ 5+ TAMOVA(Analysis of
Molecular Variance)#f4:(Excoffier et al., 1992)fll
JoE TR D) R P AT L (R B A S 2 i LA S s 7Y
AT FsrPPAr(Weir & Cockerham, 1984), LLigt—
RN EEAR 1) 7 A R (100070 & ek 36 ) o A, ]
H ARLEQUIN #& 4 43, tf' [¥] Mantel 4t 11 %7 £ 5
(Mantel, 1967), 733 UG SUBEE R R Ja e~ 35k
A B e B R R (2R £ ) 2 ] R A G
(r 1 3 7 3 P9 AN B ) 1) AH O 1 &R %), IR REAT
100007K T4 (1) 1 2 PE A 56, (Smouse et al., 1986).

PRl 7K ) J AR 1] P 1340 J25 DR (Vo) R R T
PR % FEFE (m)(Nei, 1987)%3J38 il ARLEQUIN#A 1444,
F1DnaSP4.0 #2 /3 #E 47 K I ; Tajima’s D (Tajima,
1989)L) J2FuMILi’s D'(Fu & Li, 1993) P JC PR 538
AF A5RE Y kR 56 v AR W B A Ay AT
(Mismatch distribution) 7 #T(Rogers & Harpending,
1992) 1, 7F DnaSP4. 02 ¥ 1 58 il o

a5 UL Bk Bk 88 e H Metagentiana  souliei

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.

(Franch.) T. N. Ho, S. W. Liu & S. L. Chenfll# =k
50 Metagentiana pterocalyx (Franch.) T. N. Ho &
S. W. Lin& INMEVE R SN IEAT S T R G
R 5 HT(Chen et al., 2005). F|FPAUP* 4.0b10
(Swofford, 2003) i £ K fiij 25 1 (maximum parsi-
mony, MP)ZHTIN, KM — 241 FriE B TBR 73 3¢
A, £ EVEEFEMULPARS. ACCTRANYHFAE 5
Pk, 0 (gap) dR 2 A A B JIRAS, AT )A A
F(heuristic search) A £IH, K HI10007% & ¥ BE
HLIN A (random addition of 1000 replicates)3- & i ffj
2B 1) &y U5 (islands) 73 A (Maddison, 1991); [F] i )
JH#H523 T (bootstrap analysis, BS)H#E4T 10007/ # 52
SRR 56 B A% TR 873 SR SCRE # A (bootstrap values,
BS). #JHMrBayes 3.1.1(Huelsenbeck & Ronquist,
2001; Ronquist & Huelsenbeck, 2003)347 U114
Hr(Bayesian analysis)f, i fid T A 1% 500 42
(FIDNAE AL ) GTRAT+PINVARKL L LLBH AL
B (random tree) JFAR 73T, [FJINF N7 4% By /R W] K A
(Markov chains), /R 1] 4 5245 R 1% (MCMC) K

http://www.cnki.net
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FEHUE 100 /7 fX(generations), %% 113 /5 (temperature)
GBI, 53 BT 4T 200 7 £X (generations),
BE100ARE B — BRI R A7, SLIRTF 2T BRA, 4 nT
fig 14 {A (likelihood values) & &5k vl, ZBE 48]
AHIEE2000 ¢, X F 4 9 18000 ¢ A5 il K v 57
50% 2 H— SRy, LU DL S 56 B 2 (Bayesian
posterior probability, BPP){E 4 VP4l 4 (Larget &
Simon, 1999).

cpDNA Hi £i5 11 7 [u] ¥) B 4% ¢ & H Network
4.1.1.2F2 %+ f)median-joining (Bandelt et al., 1999)
AT Mo IXFEAT B M2 ¢ R —FICAR I &R
G, &SI ] R AR . R
Templeton®5:(1987, 1992)41 & Ji I #4) 7 #5741 515
YR B AL R REZM NS RS — SR BURAS
TUVERE 1) SR BRAS RURR A R S (tip clade), 15—
AN CL b SR A B S B 1) SR B TR A Y
Y (interior clade); MHHNHK, fEF—Z RN, KX
P 3o AR T A 1304 25 I RN A8 1 S R Bl
LAY (Castelloe & Templeton, 1994). 2 HLAHEA
Ji ) AFRAS BUIKSP TF 4, 4 R S5 SLAHE I A
HR— DL R, G — W SRR AR
X WICH RN —HSLR, HRIPAETIN G KR
B — AR E R N b BT A RE,
AT AL R4 W (nested clade analysis, NCA):
T 5ER I Geodis 2.5 FEF(Posada et al., 2000)3| 5
AFSLRON R R B A KIS R) N PR R
RS, SN (Do), RonFs S Rl s a i
ARG %S R % S T H 43 A7 rh oy R 34 R
B, RIZSC AR R o A Ya L 508 R 2 (Dn) KR
R R R AR SO SZR N m—
KPP 3 A oL (R 2R RS, RS R 5k
L AHIE ) SR M B o A DG R G4, AR Al
HIKESEAN L RN BT E N SRS 8 S
R S R B A 2 22 (R & AN SCR W TR De il
Dn). [AI, 383100007k B REHLIE BRI ik %L
RSB R N, B fa, R R iy Pyl e ey 45 2R,
Z [ Templeton (2004)%5 H 6] 5557 2 BIAN R K
3 A RS R 1 KL R 3R (http://drawin.uvigo.es/
download/geodisKey 11Nov05.pdf), >k #E Il 5. £ 774
iR S AT RS R 7 52 A

2 H#HR

2.1 EEBRERBHFEINTEHHR

X 2% SO S T IR A3AN Jm BE LSS A AMAREAT T
cpDNA Ji Bt trnH (GUG)-psbAKE [ 8] [X 4 5 471 (1)
S, R EELE220-270 bpiv), HEFFG K274 bp,
ARG 2 7RI AN ] 1 P45 2 (Hap A-Hap G).o 1X 7Ff 5.
15 8 5 53 T GenBank 504 22 b, VEMHS 9351 4

3ALHHHE S 2 (substitution) A1 5 4b 4 A B 2K (indels) »
P 3R BR oy H N £E176 bphbAg — AN AL e
(transition; C<>T). 1E211 bpF1225 bpib&-H —
FLH e (transversion; A«<>CHIT—G); 5Ab4H A B 2%
43 AL T 75-77 bpZ [](3 bp) 78-86 bpZ [H(9 bp)-
87-118 bpZ [A](32 bp). 218-223 bpZ[al(6 bp)Fl
245-248 bp [](4 bp)(£2). WL Feilix— B
AMRIF F RN, Bl AL TAEREA 3 51 b iy L
114 65.9%, IX 5 K% Hi ZR ARDNAJE PR [R] [X i 5
ZH %23 FH4F (Chiang et al., 2001; Lu et al., 2002).
22 FYURSHERZHMEY. BEERS5E S
DO

TE45 SUREE IR 13 FR BE 155 AA b, 78
cpDNAFL{E R M 53 7)) /& Hap A=0.329. Hap
B=0.297. Hap C=0.052. Hap D=0.206. Hap E=0.032.
Hap F=0.065F1Hap G=0.019, Hh#{%MHap AN

K2 G SHADNA trnH (GUG)-psbA Fy BT Fh 54 1
A FR) P 41 3 S5 o7

Table 2 Variable sites of the aligned sequences of the cpDNA
fragments #7rnH (GUG)-psbA in seven haplotypes of Metagentiana
striata

trnH (GUG)-psbA

A S R 1 2 2 2 2
Variable sites 7 7 8 7 1 1 2 4
5 8 7 6 1 8 5 5

HapA A, A, A3 C A - T -

° HapB A, A A; C A A, T

= & HapC - - - T A - T -
B2 HapD A, - Ay T A T As
- HapE A, - A; T A - G As
HapF A, - A; T C - T As

HapG A, - A; T A - T —

FRC(A - Ar Ase Agn AsHI) AR RO BAER A/ K
A,;: TTT, A, TTCTTCTTT; A;, ATAACACAATTTATTA-
CAATATTGATAACTCA; A4, CATATT; As, TATT.

The marks A, A,, A3, A;, Asand — respectively indicate different
inserts/deletions. A, TTT; A, TTCTTCTTT; A;, ATAACACAA-
TTTATTACAATATTGATAACTCA; A4, CATATT; A5, TATT.



R, ASUNMAE AR . R8UkE e
PRAEA FE TR B E ZHE S (Hy) . PR . s
UG R A AR, AT B AT WL 1. 3t
LA B BL B A, SR Hap At )
Aidee) 1, o 78 7 e SR AR G 2k ) 44 S
1. 4. SHI6AIE T 77K i J5UAR i S A i Ly DX J
13 R —Fh s 8 Hap A, BB L X (1 5 — A
JEBEL2INA 3N 458 Hap A Hap BRIV 5 R
Hap G, $FEMIKH0.550.0.300410.150 (Hy =0.585);
A3 AAE S IR 2R R ) S e N3 AN A 4% T Hap B,
JERETH A A5 B Hap BRIHap C, AR 435
0.933110.067 (H4=0.125), ¥.£5%Hap B 41X L34
T e e A ) ES . O LOABHN AT F i B Hap
D, A R EESHHA AR (0.750) I FLf5 Y Hap DA
AR (0.250) 145 A FL A5 M Hap B (H,=0.375), &
P A5 M Hap B. Hap CHIHap D, BRI N
0.053. 0.368%110.579 (H:=0.527), JEEE10{ A HfE R
Hap D; 1M 4 A 75 i S AR Hh X Fe) e 11 52 T
S M Hap Fo (AT, 76T 13A e b,
5 DA T SR L DX S B A P e B DAL g A
Y S R R 2LE A AR b IR T A 2 RF B (Hy )
1, 10 S EO B 22 P (Hy ) IR Z.

i# X PERMUT2 FITHAPLODIV 2 J¥ 11 575 1,
Z GOSN e N 343804 2 FEPEH (se)fi i
(L Z FETEHT (se)fl s Ja R E 73 Gt (se) F
Nasr (se)fli 2514 0.140 (0.064). 0.715 (0.073). 0.805
(0.081)#10.859 (0.068). 1l HHUZE 1 7512(2000 7/ &
RO 56 ) KT 4% BB EE TR R AEA 73 A DX B A5 2R AR S (1)
PRSI EAT RS0 5 RNt 2% K T Gsr (P<0.05).
X g B W T AE 4% SUPEE e IE HEAS b B ) A [X
W, JE B A 7 A 7K PR 1 (Gs1=0.805), SRk K
FAHIT (W P RAE AR ) Jm ok A, F A E R
PISRG B 2 M L. 2 72 57 3 HT(AMOVA)
(P4 WA, AR (] (AL AR 504 73.05%, 1f J
TEN I35 AR 5324 26.95%, Fsr=0.731 (P<0.001), 15
TN T AR BUEE e IE I AL AR S 2 AR AE T S AR,
M H B8 &1 JE e K T . Mantel &8 112446 5
T, R REUER(r=0.22), {HALORE M
Jott o 30t A% R 5 M BB B 2 (R) A AE IE A ROk &
(P<0.05). Y3 4b, iliidDnaSP4.0%% /5 f1ARLEQUIN
AL A543 W A AT B2 22 RF I (o) (R0 S 8
[11) (1) P38 B DRI (N YL 53310 24 0.003 110184

Uik 5 B R SO R 5 TR AT 5 579

PR b S 36 (B 33 O £ {E (Tajima’s D=-0.654,
Fu and Li’s D'=-0.519), A% (P>0.10); [,
S BUPEE MR S5 B PP AT A A& cpDNA v Bt ornH-psbA
FE PRI R] D 91 s (1752 5343 A (mismatch - distribu-
tion) 73 BT 45 R W 3 iz, WLINAEL 5 1 R (8 2 [R) Ll
B AFRN T AR B ) L o A 2R K, R
S SO EE e IE N e 28 g ao e A AT NG Tk 1 it
Fio
23 FYUKSHEMBERERAFAEMENE
RIENCA) D

S8R B N TR cpDNABAAE TR L F ik ok
SENE RN PSS e A SN T R Gk & o0 bt
I, AR VLR AE219-279 bp2 [0], HEF )5 K296

SR, H A TER TR 29 PE A% (length=17, CI=0.996,
RI=0.991; [E2); UL 374 #1 (Bayesian analysis) ;™
A2 1R150% 25 £ — S5 -5 B K 7 249 P08 A 4 A ) 1)
WM CRAR ) PRI IE TS I R Gop b
BPPAIBS i 1-50%MIE AT T k5« MER2F AT LR
i, 7RERAE R R B O RS B Hap A

Hap B. Hap CHIHap G N— X CCFHALT50%),
Horp s Hap AFHap B4 AT 43 321531 T 8¢
T ) S FE R (BPP=99%, BS=86%); i 5.{#%! Hap E.
Hap FHMIHap DEEA Y3, CRFRBL(BPP=66%,
BS=58%). H.f%7Hap DAIHap GLEHEAL FAHNT 5
[

HR A5 21 5 )5 ) 45 21 (1) 4% SO EE L 7 FficpDN A
AR B A ST R KB4 7R, A e 5 ek
fRI AR (B2)JEA 5, TR A RILL R T 32
YR FA5AHap A5 Hap BASZ & 1-1, H—A
RAFKGERE, %R Hap C5Hap G X %R 1-2,
H AN AR EOE e, 1 L5 7 Hap D+ Hap EfHap F
Z 05— AN RA S B, AR R -3, X34
— PSR T — R SE RS R (Total clade), H
PAAN FI—AN S H 53 3 #2 o p v WL, PRf Y Hap
DAIHap G BE e 55 J5UAR I A5 28, 3K L5 B % 7Y i)
RERE HTINLE R 3. NCAR T 4K
SN ER I P S RS R A A SZ ) P R i B (B
PN B 2 DA L TR) 58 D), DL 235 VE R/ IMEL(P) Y
S5 F 3 A R M HEMIAS 2] 1) NS R LA Y
b EE 23 A b SR IR — R BT S TR L4 A S
RM =L R1-1M 5, HIGHEY 5K (range expansion)
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99/86 Haplotype A

Haplotype B

Haplotype C

100/99 Haplotype G

Haplotype D
06/58

Haplotype E

Haplotype F

Metagentiana souliei

Metagentiana pterocalyx

E2 &Lk B SAADNA 70 5% 1 (A-G) I TR 45 K T 21 (MP) W (length=17; CI=0.996; RI=0.991) A 55 DUH-Hr50%% S S EmA
FAF RS . 53 S0 R IHCT 23 04 TUHH7 5 B 2R (BPP) A AT 24 15 23 1T 1000 2 B A5 21 (K $kats 20 SCHF(BS) o

Fig. 2. The most parsimonious (MP) tree based on cpDNA seven haplotypes (A-G) of Metagentiana striata (length=17, CI=0.996, RI=0.991).
This tree has the same topology as Bayesian 50% majority rule consensus tree. Numbers above the branches respectively indicate Bayesian posterior

probability (BPP) and MP bootstrap values (BS) based on 1000 replicates.
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Fig. 3. Mismatch distribution for sequences data of the cpDNA fragment #7nH-psbA intergenic spacer from all individuals of Metagentiana striata.
The thin line represents the expectation; the dotted line represents the observed value.
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Fig. 4. The nested cladogram of cpDNA haplotypes (A—-G) of Metagentiana striata. One-step clades are indicated by “1-# ”, where # is the
cladistic numbers at one-step clade level; The numbers above or at the right of each connections represent mutational steps.



Wik 5 R SORE RN 5 TR R 581

3 HETHLRE (), N FTF Geodis 2,50 4 SOJEE SR IHIT SR IEDNA 7HH 45 B (A-G)H HEAT HLA SR T (NCAYE I (K PR PE BT
Table 3 Two distances obtained with the nested cladistic analysis (NCA) of cpDNA seven haplotypic (A-G) data of Metagentiana striata based on
the nested cladogram given in Fig. 4 and Geodis 2.5 program”

Z30 9y S7 Zero-Step clades

—34r 30 1-Step clades

Hap Pos Dc P Dn P Clade Pos Dc P Dn P
A T 253.082 0.389 294.448" 0.000
S S
B I 117.697 0.000 197.547 0.000 1-1 T 258412 0446 272876 0017
T —135.386% 0.000 -96.901° 0.000
c T 54224 0.276 63.902" 0.005
S
G I 0.000 0222 407777 0.005 1-2 I 57973 0000 240077 0254
T ~54.224 0.222 -23.125°% 0.005
D I 128.674% 0.000 161.445% 0.000 1-3 T 187.830% 0.000  226.612° 0.007
E T 0.000° 0.010 154.663 0.064
F T 0.000° 0.000 257.570" 0.000 I-T -177.402%  0.000 -17.699 0.277
I-T 128.674" 0.003 —-61.823% 0.000

*1-# CER)ERIATP TR E; Hap, SE8 1, WG I-T, W SCMRTEE B 5 AR SR BE RS I 2 755 Pos, fLH; T, AR, X E#aEAT 10000/ BEHL
T AR WU 5L A BE B (D) sl S5 ) B 25 (D) S I g R BRI /s, BB E7KOFJEP<0.05 (PE—NBEHL™ AR ME, &8s 5 MG AN AT sl
KCEEAM)).

*1-# (Clades) designated in Fig. 4; Hap, haplotypes; I, interior clade; I-T, the average difference between interior vs. tip clades for both distance
measures; Pos, position; T, tip clade. Tests determine whether the within-clade distances (Dc) or nested clade distances (Dn) are significantly large (*)
or significantly small (%) based on 10000 randomizations of the data, with their level of significance P<0.05 where P is the probability of a randomly
generated value being equal to or larger (smaller) than the observed value.

R4 T SRLORE e I £ ARDN A SRS B B0 1) S0 R A 1 45 R (3R3), A Templeton (2004) K3 R T4 81K — R4 HEB(P, &
N VR I A).

Table 4 Chain of inference from the nested clade analysis of the cpDNA haplotypes data of Metagentiana striata (Table 3) using Templeton’s
(2004) inference key (P, the values of significant tests)

4y % Clade WP ¥r 2 Clade key B Inferences

1-1 0.000 1-2-11-Yes Ju ¥~ 7KkRange Expansion

12 0.005 1-19-No S48k 7 Btk Allopatric Fragmentation
1-3 0.000 1-2-3-5-15-No 135 A Bt Ak Past Fragmentation
Total clade 0.000 1-2-11-Yes Ju ¥ 7Kk Range Expansion

TG MAE SR 1-2H01-3, 7350t A48 BL Ak
(allopatric fragmentation) il ik 2 F Bt 4k (past frag-
mentation) T

3 e

55 A — 22 6B = LA 40 ) cpDNA v B i 1
TR 2 AL A L, 480888 Je IH cpDNA K 9 5 1 Bt
trnH (GUG)-psb AL 8] X 1% H 1R 2 17K AH
X B AR (1=0.003), 4132 F cpDNA 9F 4 19 J Bt
trnL-trnF ¥ W Draba aizoides L.W KL, 740.035
(Widmer & Baltisberger, 1999); 1t HlcpDNA |t
i B trnL-F R trnS-trnG ¥ P 25 Wi 88 K5 Vaccinium
uliginosum L., 453 IV YII740.063 (Alsos et
al., 2005) &R PRIEDRZH B4k 1) 32 EORE 2 — 2/
Jr B B A N/ 2R DA R RS, T T H B

BRI PG 4 B E(Clegg et al., 1994), &40k ES
JENA cpDNA F B I 25 R 3, E S5 1P 51
8RS fi, /N BERE A /BRR Ay T SAS, i A
SARN G T 3AN(FR2) . MR T 480k e H
FERL P HA ) A KIS, BN asE A 2 i i)
IRNIETE S AT DU s ik W (b Ly S [N Y N[N
TR TR K 2 2 5 = 40 poBr i 1711.4-21.4 Ma
(Million years ago, FiJJ4FLLHY), TSR
MBEE IR JE 73 AL R IS 1) KMEE3.3-6.2 Ma (Chen
et al., 2005), KU T LU0 INE IR, DRtk
e A) 2 UE B T i Al P i 4 et A% 23 A0 22 17 ) 1) ()
WA . P 25(1992) 1A k) F I (1) R A AE 4 S B
HIRLRE R =2 rh il TR, X 588 T i &
ST TRARY) A5 o 2T TR e, TR E
R — RY L RGBT, Wi SR B
S, BHES Tk B BB R, AR AR
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I, — SRR 1) B TR 54K, SAKEY)
BN A (Quade et al., 1989; FHFE %%, 1992), —ik&
e E E Lz A R R R R E . P JeR
J& MR FTE )8 Primula L2 KA 58 U 45 5 54k
(Axelrod et al., 1996), ;=L T 55 Z i H R o [] B A Wi
Ll DX AR B V22 27 5 A R il s — 28 K8 (B dE
JeNHJE ) IR 23 A F 2 FEAL D CRIE R, 1979; W,
1980, 1987; F 3K, 1992; 2453, Z54#, 1993).
LEAE I 2% SOBk B8 0 R0 AT i 7E 25 — 20 i 0T U
Hh ] P R TR DT L BB XS TR A6 A T R R AR
A8 S AR e 1L X (R4 2=, 2005).

H Y cpDNABHE )T AL Z Fh 24, 240
M) AT FSRIEARRRAE, IR B R L B R
WAL, BEREME LT EREA, RN R
AL JAFAET LRI R . WiMengZ(2007) %}
T A2 Picea crassifolia Kom W57 K I cpDNATE
X R AL R st Gl AE kAL R, TR/
WA G &I, cpDNAJE I i RE R i A%
(LT AL R 1), DI ASE A5 Jo 1) 25k DR A AR AT,
T A8 AR5 S (Fujii et al., 2002; Bittkau &
Comes, 2005; Ikeda et al., 2006; Koch et al., 2006).
T s — A A B R ) 4 U EE e I AEAS Hb B )
A X I3 R BELSS AR EAT cpDNAE i v Bt
trnH (GUG)-psbAZE R[] X AT R I (R FE AT,
ot ()38 A% AL P FE AR (G s1=0.805, Ng1=0.859); T
HAMOVAZ #1 45 R R H 4 8O 88 I 1173.05%
() IR AE AR S A AE T 8 BE 8] (Fs1=0.731), Mantel 4t it
R0 6 T b B PR B 55 08 A% B B 2 ) IR IE A G OC &
Y H TIX—4518(P<0.05); [AII, WF9T &N 440
B S T AR P oK P b S 30 TR 1 1 34 2 DR 9 AR AR
(Ny=0.184). H1It AT %1, cpDNALE IZAG Y AL LLRER
TS R IR, T M R o AR (R AR AT P 22 PRI
AR =1 A% 0 A I 5 1) 5 2 5 DR AT Rt
T AL IR PE B AE A PR, DA R ] 1) b B
(Cln v D 2R R S (R O L s 45 Js B 8 N9 5 A 12 K A=
R 125 R0 AR 555 AR (v D 4R 30 b DX J R 1) BH
i3 7 JEREN] ) JE R A2 i (Slatkin, 1985; Koch et al.,
2006; Ehrich et al., 2007).

META] DLE H, 54 SUBEEE e IHAE A Hh 38 7y
A DTS BT I3AN R, B R 1 M B ) A b6 S
FEI HE A T R o JE AR R PR T L DX AT d A 4R
i R T 8y ORI 6Ft RS AL, T AE R

e A 2R b8 R A1 3 b DX ) S AR R A P R T
HHEH R — J5ob, IMARGREEJENIAS 7] Jo (1) e
FEZREFEST TR, 75 78 v B 2R v 0 S B PR A 22
FERESRE i, W1 200 804% 24 B it =i (H=0.585)
JEBEOIR 2 (H=0.527), T HA 8250 1A A7
B, s L2 R A A5 B Hap G HIGER B
DX i A v (B A A8 S R PR R M . F
Z TR W — AN 1) 524 22 B AE DK Y1 Tt X fir
550K 5 W O R I A A 22 S, B T 1) SR AR R
HAH S st ZFERE, T8 S X ) J st AL 2
FEBEA AR, 3K A PR A M A e R K sl vk 30
NN TESE T 1) A4 B, AT REAERE A BEAE Y, e
232 B — RYVEIHEH 5, 15T )5 16 s
ik 2 FERE B (Ibrahim et al., 1996; Avise, 2000;
Hewitt, 1996, 2000). [F]I}, Petit et al. (2003)\ Ky 7E
IREE P X B, MU R AR e, T H A
SRR P . RN 4 0 JEIHcpDNA H.
BRI ARG R G ML RE D HT(E2.4), g%
I i 5 v D 2 e A T L DX J A 1 B B Hap
DAFIHap Gl fEe b b JEUUR F s Y i o
{4 Hap A. Hap C. Hap Ef1Hap Fi/ T3 & K &
Ty, JF HAR S0 AL HURAG, R IX e
I % A2 BT A 3 A R o El s AT 00 7 B S o
AT 1L b D — Y A 4% OB 88 e I A 25 DY 28 UK 3
AT REPBEXE BT, T e i T P S R T e A A AE
T K ST B UK i 30 DA 3K 38 s BT A 2= 97 3K BT T 1
XS S RAERE (1979, 1987) 8 H 1K) 5 18k i 5t 42
T PR T L s X 5 DU £ VK 3 7 R e U 4 11 e
MEAT, LA e s TR A e 7 T vk sl vk s MO
AL SRR A JIT A T SR RO A — 2o

NCAR 5 ARG Sy T FIdW . B2,
TS 58 % 0% RARIT 1) 45 B0 85 JEIH cpDNA FRL A5 71
Hap AfHap BZH SRS AR - THENU R IL, 24
35 280 B B3 A7 4 S (1) D13 S R el Y T 5K
F(F4). TR, AT AR IH S 2k o8 R AT ) Ja 4 7
TE A 7] J& B A R A2 (Nst>Gst, P<0.05), T A5 7Y
Hap AFIHap B R AEAE K 55 PU 20 UK 3T AT i 38 X i 11
TR e JEUAR R R T L X R A 2r e R  H B, H
AT ULSE E— D I 2% SOBk S50 R 15 96K i Ji AR AL 5T
PB4, 5H16) m RGBS EHE(Q2 3F17) A
o i e P S ) S A (13) S 7 TR UK B B UK i 3 el e
8+ 9 TOFIN 27 (1Y X Jir A AR YE Y 5K T vy, T



AT F T X BT R R 2 SRR LA T
(Hap DAIHap G)IJ R A n] g2 i F e sk ik #
P B A 7 ()RR N B B RN, [ B R A T
FLAF AR AT R BEART T 20 4k H R (1) PR A5 T (Hap A
wiHap B)FT % C(Hewitt, 1996). X 4518 575
5 ot A AR L 0 IS [ A0 R 75 9 2 A2 O E 90 4

#&—EL[P)(Zhang et al., 2005; Meng et al., 2007); T
Hufs A Hap CHIHap G111 32 R 1-201 FL A5 7Y
Hap D. Hap EFlHap FA & 3 R 1-34NCAZ TG,
I L g 5 DR i) A S deoRT sk 2 B B Ak T
TR 3% PR A G S e 1 2( [ 52 IR 4h A A Hap
G) 1) 15 J5U 2R T S A BT Ll DX 3BE s T 55 i B 8 19 T
FRIRE T L AR L i G M X, o 575 DO 20 bk 39T I ] i

F R A RE S T, ) K 39) B vk 39105 el T 52 FE R
(ULl ZR) R R ), A A5 A T LU AR A 382 5 b X 1)
SRR AR SR B . F ik 2 B BRI g S A,
BATTN A BT L 2R T 33 SR b X ) Jis BES A9 ( [ o
Huff R Hap DAIHap E)~ i 2= 0020 4% Je B 10( ] o
L5 Hap D)5 JEARUT L (7 B /N A L M X
BELL(FE 2 5458 Hap F)2 1), Al RE TG s =
00 IS 30 e D S o = 3 1 7 R SR R AT 3T
B ORI LK (B A 25, 1992), {153 4808k
SEIRPRAE I — A5 4 O B ) 30 A A AR 355 1 Bk,
PABE R34 (PP AL 5) 4 EISE N AZ B =, im
TERCATIRS S, T B L 150 OB B Ak ke R
5 Hap FRTACE o gt AN b B 43 A X (10 435 2R
(AL R) Ak i, a5k o2& =2
B, T BATTREAT (9 P b AR 56 (B (Tajima’s D
=0.654, Fu and Li’s D" =0.519)F1{ 540 A 40 W7 45
F(E3) MR T 8058w IH ] L8 I i BT 3
Pkl L, Rt FIRHES S T 7 k. B
2., IR A e ARAE T R R R OR A A ) A7
FE, X 9 SR AE MRS I S A2 I 0 TR gk
B 2E BT 0 B T 50 J5UAR B 0 30 5 M DX DK T
(1BEXE T, 3o PR R 420 1 i R e A UK S 3 A i iy
k(1) T ST O T s R, A AT )T
A1 2 M5 ok BT AR ST R B T B A AE ) F st
KB (M55, 2005; Zhang et al., 2005; K45,
2005; Meng et al., 2007). A4, J& 15 ke IR A
YIRTRHRE )] T R kA X, I TR AS I 5 22 11
FEV I RAT LI 5K

Uik 5 R AR SO RN 5 TR G, 58

gt K B R AF & 430170066, 30370284,
30670130) 784,

S 30k

Abbott RJ, Comes HP. 2004. Evolution in the Arctic: a
phylogeographic analysis of the circumarctic plant,
Saxifraga  oppositifolia  (Purple  saxifrage). New
Phytologist 161: 211-224.

Abbott RJ, Smith LC, Milne RI, Crawford RMM, Wolff K,
Balfour J. 2000. Molecular analysis of plant migration and
refugia in the Arctic. Science 289: 1343—1346.

Alsos 1G, Engelskjon T, Gielly L, Taberlet P, Brochmann C.
2005. Impact of ice ages on circumpolar molecular
diversity: insights from an ecological key species.
Molecular Ecology 14: 2739-2753.

Afzal-Rafii Z, Dodd RS. 2007. Chloroplast DNA supports a
hypothesis of glacial refugia over postglacial
recolonization in disjunct populations of black pine (Pinus
nigra) in western Europe. Molecular Ecology 16:
723-736.

Avise JC. 2000. Phylogeography: the history and formation of
species. Cambridge, Massachusetts: Harvard University
Press.

Axelrod DI, Al-Shebaz I, Raven PH. 1996. History of the
modern flora of China. In: Zhang A, Wu S-G eds. Floristic
characteristics and diversity of East Asian plants. Beijing:
China Higher Education Press. 43—45.

Bandelt HJ, Forster P, Rohl A. 1999. Median-joining networks
for inferring intraspecific phylogenies. Molecular Biology
and Evolution 16: 3748.

Belaj A, Munoz-Diez C, Baldoni L. 2007. Genetic diversity and
population structure fo wild olives from the North-western
mediterranean assessed by SSR markers. Annals of
Botany 100: 449—458.

Bittkau C, Comes HP. 2005. Evolutionary processes in a
continental island system: molecular phylogeography of
the Aegean Nigella arvensis alliance (Ranunculaceae)
inferred from chloroplast DNA. Molecular Ecology 14:
4065-4083.

Castelloe J, Templeton AR. 1994. Root probabilities for
intraspecific gene trees under neutral coalescent theory.
Molecular Phylogenetics and Evolution 3: 102—113.

Chen S-Y (%42 2). 2005. Studies on molecular systematics of
Metagentiana and related taxa (Gentianaceae). Thesis of
Master Degree 23-24.

Chen S-Y, Xia T, Wang Y-J, Liu J-Q, Chen S-L. 2005.
Molecular systematics and biogeography of Crawfurdia,
Metagentiana and Tripterospermum (Gentianaceae) based
on nuclear ribosomal and plastid DNA sequences. Annals
of Botany 96: 413-424.

Cheng Y-P, Hwang S-Y, Lin T-P. 2005. Potential refugia in
Taiwan revealed by the phylogeographical study of
Castanopsis  carlesii  Hayata (Fagaceae). Molecular
Ecology 14: 2075-2085.

Chiang TY, Chiang YC, Chen YJ, Chou CH, Havanond S,
Hong TN, Huang S. 2001. Phylogeography of Kandelia
candel in East Asiatic mangroves based on nucleotide



584 W54 Journal of Systematics and Evolution 2008 4645431

variation of chloroplast and mitochondrial DNAs.
Molecular Ecology 10: 2697-2710.

Clegg MT, Gaut BS, Learn GH, Morton RR. 1994. Rates and
pattern of chloroplast DNA evolution. Proceedings of the
National Academy of Sciences USA 91: 6795-6801.

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

Ehrich D, Gaudeul M, Assefa A, Koch MA, Mummenhoff K,
Nemomissa S, Consortium I, Brochmann C. 2007. Genetic
consequences of Pleistocene range shifts: contrast between
the Arctic, the Alps and the East African mountains.
Molecular Ecology 16: 2542-2559.

Excoffier L, Laval G, Schneider S. 2006. Arlequin 3.01: An
Integrated Software Package for Population Genetics Data
Analysis. Switzerland: Institute of Zoology, University of
Berne.

Excoffier LP, Smouse E, Quattro JM. 1992. Analysis of
molecular variance inferred from metric distances among
DNA haplotypes: Application to human mitochondrial
DNA restriction data. Genetics 131: 479-491.

Fu Y-X, Li W-H. 1993. Statistical tests of neutrality of
mutations. Genetics 133: 693-709.

Fujii N, Tomaru N, Okuyama K, Koike T, Mikami T, Ueda K.
2002. Chloroplast DNA phylogeography of Fagus crenata
(Fagaceae) in Japan. Plant Systematics and Evolution 232:
21-33.

Hamilton MB. 1999. Four primer pairs for the amplification of
chloroplast intergenic regions with intraspecific variation.
Molecular Ecology 8: 521-523.

Hewitt G. 2000. The genetic legacy of the Quaternary ice ages.
Nature 405: 907-913.

Hewitt G M. 1996. Some genetic consequences of ice ages, and
their role in divergence and speciation. Biological Journal
of the Linnean Society 58: 247-276.

Ho T-N, Chen S-L, Liu S-W. 2002. Metagentiana, a new genus
of Gentianaceae. Botanical Bulletin of Academia Sinica
43: 83-91.

Ho T-N, Pringle JS. 1995. Gentianaceae. In: Wu ZY, Raven PH
eds. Flora of China. Beijing: Science Press; St. Louis:
Missouri Botanical Garden. 16: 1-140.

Huelsenbeck JP, Ronquist F. 2001. MrBayes: Bayesian
inference of phylogeny. Bioinformatic 17: 754-755.

Ibrahim KM, Nichols RA, Hewitt GM. 1996. Spatial patterns
of genetic variation generated by different forms of
dispersal during range expansion. Heredity 77: 282-291.

Ikeda H, Senni KEIL, Fujii N, Setoguchi H. 2006. Refugia of
Potentilla matsumurae (Rosaceae) located at high
mountains in the Japanese archipelago. Molecular Ecology
15:3731-3740.

Ikeda H, Setoguchi H. 2007. Phylogeography and refugia of the
Japanese endemic alpine plant, Phyllodoce nipponica M.
(Ericaceae). Journal of Biogeography 34: 169-176.

Koch MA, Kiefer C, Ehrich D, Vogel J, Brochmann C,
Mummenhoft K. 2006. Three times out of Asia Minor: the
phylogeography of Arabis alpina L. (Brassicaceae).
Molecular Ecology 15: 825-839.

Kong Z-C (fLHHJ), Du N-Q (#-J5%K), Shan F-S (1Lk75).
1996. A preliminary study of vegetational changes in
space-time on Qinghai-Xizang plateau since late
Cenozoic. Acta Micropalaeontologica Sinica (fff& i 2E4)

24 13: 339-351.

Larget B, Simon DL. 1999. Markov chain Monte Carlo
algorithms for the Bayesian analysis of phylogenetic trees.
Molecular Biology and Evolution 16: 750-759.

Li X-W (&=4830), Li J (Z=4#). 1993. A preliminary floristic
study on the seed plants from the region of Hengduan
Mountain. Acta Botanica Yunnanica (z FgfEZIAF9T) 15:
217-231.

Lu S-Y, Hong K-H, Liu S-L, Cheng Y-P, Wu W-L, Chiang T-Y.
2002. Genetic variation and population differentiation of
Michelia formosana (Magnoliaceae) based on cpDNA
variation and RAPD fingerprints: relevance to
post-Pleistocene recolonization. Journal of Plant Research
115:203-216.

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

Mantel N. 1967. The detection of disease clustering and a
generalized regression approach. Cancer Research 27:
209-220.

Meng L-H, Yang R, Abbott RJ, Miche G Hu T-H, Liu J-Q.
2007. Mitochondrial and chloroplast phylogeography of
Picea crassifolia Kom. (Pinaceae) in the Qinghai-Tibetan
Plateau and adjacent highlands. Molecular Ecology 16:
4128-4137.

Mogensen HL. 1996. The hows and whys of cytoplasmic
inheritance in seed plants. American Journal of Botany 83:
383-404.

Naciri Y, Gaudeul M. 2007. Phylogeography of the endangered
Eryngium alpinum L. (Apiaceae) in the European Alps.
Molecular Ecology 16: 2721-2733.

Nei M. 1987. Molecular Evolutionary Genetics. New York:
Columbia University Press.

Petit RJ, Aguinagalde I, de Beaulieu JL, Bittkau C, Brewer S,
Cheddadi R, Ennos R, Fineschi S, Grivet D, Lascoux M,
Mohanty A, Muller-Starck GM, Demesure-Musch B,
Palme A, Martin JP, Rendell S, Vendramin GG. 2003.
Glacial refugia: Hotspots but not melting pots of genetic
diversity. Science 300: 1563—1565.

Petit RJ, Grivet D. 2002. Optimal randomization strategies
when testing the existence of a phylogeographic structure.
Genetics 161: 469—471.

Pons O, Petit RJ. 1996. Measuring and testing genetic
differentiation with ordered versus unordered alleles.
Genetics 144: 1237-1245.

Posada D, Crandall KA, Templeton AR. 2000. GEODIS: a
program for the cladistic nested analysis of the
geographical distribution of genetic haplotypes. Molecular
Ecology 9: 487—488.

Quade J, Cerling TE, Bowman JR. 1989. Development of
Asian monsoon revealed by marked ecological shift
during the latest Miocene in northern Pakistan. Nature
342: 163-165.

Qu YH, Ericson PGP, Lei FM, Li SH. 2005. Postglacial
colonization of the Tibetan plateau inferred from the
matrilineal genetic structure of the endemic red-necked
snow finch, Pygilauda ruficollis. Molecular Ecology 14:
1767-1781.

Raymond M, Rousset F. 1995. An exact test for population
differentiation. Evolution 49: 1280-1283.

Rogers AR, Harpending H. 1992. Population growth makes



waves in the distribution of pairwise differences.
Molecular Biology and Evolution 9: 552-569.

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

Rozas J, Sanchez-Del Barrie JC, Messeguer X, Rozas R. 2003.
DNASP: DNA polymorphism analyses by the coalescent
and other methods. Bioinformatics 19: 2496-2497.

Schonswetter P, Popp M, Brochmann C. 2006. Rare
arctic-alpine plants of the European Alps have different
immigration histories: the snow bed species Minuartia
biflora and Ranunculus pygmaeus. Molecular Ecology 15:
709-720.

Shen L (JLJK), Chen X-Y (I5/N8), Li Y-Y (ZEE%). 2002.
Glacial refugia and postglacial recolonization patterns of
organisms. Acta Ecologica Sinica (ZEZ2%H) 22: 1983—
1990.

Shi Y-F (iti#EX), Li J-J (Z=#4#4), Li B-Y (Z=#§70). 1998.
Uplift and Environmental Changes of Qinghai-Tibetan
Plateau in the Late Cenozoic (7 i s R ME B AE QBT 5
R5751k). Guangzhou, China: Guangdong Science and
Technology Press.

Slatkin M. 1985. Gene flow in natural populations. Annual
Review of Ecology and Systematics 16: 393—430.

Smouse PE, Long JC, Sokal. 1986. Multiple regression and
correlation extensions of the Mantel test of matrix
correspondence. Systematic Zool 35: 627-632.

Stehlik I, Blattner FR, Holderegger R, Bachmann K. 2002.
Nunatak survival of the high Alpine plant Eritrichium
nanum (L.) Gaudin in the central Alps during the ice ages.
Molecular Ecology 11: 2027-2036.

Sun H-L (#p#%2%1), Zheng D (X /). 1998. Formation,
evolution and development of Qinghai-Xizang (Tibet)
Plateau (7 J& =1 JR B B 4k 5 K ). Guangzhou:
Guangdong Science and Technology Press.

Swofford DL. 2003. PAUP*. Phylogenetic Analysis Using
Parsimony (* and Other Methods). Version 4.0b10.
Sunderland, Massachusetts: Sinauer Associates.

Tajima F. 1989. Statistical method for testing the neutral
mutation hypothesis by DNA polymorphism. Genetics 7:
381-397.

Tao J-R (K %%). 1992. The Tertiary vegetation and flora and
floristic regions in China. Acta Phytotaxonomica Sinica
(H 7> 244 30: 25-42.

Templeton AR, Boerwinkle E, Sing CF. 1987. A cladistic
analysis of phenotypic associations with haplotypes
inferred from restriction endonuclease mapping. 1. Basic
theory and an analysis of Alcohol Dehydrogenase activity
in Drosophila. Genetic 117: 343-351.

Templeton AR, Crandall KA, Sing CF. 1992. A cladistic
analysis of phenotypic associations with haplotypes
inferred from restriction endonuclease mapping and DNA
sequence data. III. Cladogram estimation. Genetics 132:
619-633.

Templeton AR. 2004. Statistical phylogeography: methods of
evaluating and minimizing inference errors. Molecular

Uik 5 R AR SO RN 5 TR G5y 585

Ecology 13: 789-809.

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

Tremblay NO, Schoen DJ. 1999. Molecular phylogeography of
Dryas integrifolia: glacial refugia and postglacial
recolonization. Molecular Ecology 8: 1187—1198.

Wang W-T (F3C%). 1992. On some distribution patterns and
some migration routes found in the Eastern Asiatic region
(cont.). Acta Phytotaxonomica Sinica (Ff 442524 4K) 30:
97-117.

Ward FK. 1927. The Sino-Himalaya Flora. Proceedings of the
Linnean Society of London 136: 67-74.

Ward FK. 1935. Sketch of the geography and botany of Tibet.
Proceedings of the Linnean Society of London 148:
138-158.

Weir BS, Cockerham CC. 1984. Estimating F-statistics for the
analysis of population structure. Evolution 38: 1358—1370.

Widmer A, Baltisberger M. 1999. Extensive intraspecific
chloroplast DNA (cpDNA) variation in the alpine Draba
aizoides L. (Brassicaceae): haplotype relationships and
population structure. Molecular Ecology 8: 1405-1415.

Wu C Y. 1980. The vegetation of China. Beijing: Science Press.

Wu C Y. 1987. Origin and Evolution of Flora of Xizang. In: Wu
CY ed. Flora Xizangica. Beijing: Science Press. §74-902.

Wu C-Y (31iF4i). 1979. The regionalization of Chinese flora.
Acta Botanica Yunnanica (2 FiAHPITTA) 1: 1-22.

Wu S-G (R # D), Yang Y-P (#7KF), Fei Y (% 5). 1995. On
the flora of the alpine region in the Qinghai-Xizang
(Tibet) Plateau. Acta Botanica Yunnanica (2 Fd ST 57)
17:233-250.

Wu Z-Y. 1988. Hengduan mountain flora and her significance.
Journal Japanese Botany 63: 297-311.

Yang R (¥%), Meng L-H (i li#E), Zhang Q (3K9%), Liu J-Q
(X7 4%). 2005. The mitochondrial DNA nadl sequence
variation of Picea crassifolia (Pinaceae) in the
Qinghai-Tibetan  plateau  platform and  adjacent
populations. Acta Ecologica Sinica (f 7% 4R) 25:
3307-3313.

Yang S-J, Yin Z-H, Ma X-M, Lei F-M. 2006. Phylogeography
of ground tit (Pseudopodoces humilis) based on mtDNA:
Evidence of past fragmentation on the Tibetan Plateau.
Molecular Phylogenetics and Evolution 41: 257-265.

Zhang Q, Chiang TY, George M, Liu J-Q, Abbott RJ. 2005.
Phylogeography of the Qinghai-Tibetan Plateau endemic
Juniperus przewalskii (Cupressaceae) inferred from
chloroplast DNA sequence variation. Molecular Ecology
14:3513-3524.

Zhang Q (5K #t), Yang R (#%#), Wang Q (L4k), Liu J-Q (X
%2 4). 2005. Phylogeography of Juniperus przewalskii
(Cupressaceae) inferred from the chloroplast DNA
trnT-trnF  sequence variation. Acta Phytotaxonomica

Sinica (FH#)7r J5274i) 43: 503-512.



