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Abstract: The Hengduan Mountains and adjacent regions have been suggested as the important refugia located in the
southeast of Qinghai-Tibet Plateau. Climate change in the Quaternary Glacial Period has an important effect on spa-
tial distribution and genetic structure of plant distributed there. In this study, the chloroplast ¢rnl-trnF sequence var-
iation of a perennial shrubby species were examined. Sequence data were obtained from 182 individuals of 15 groups
covering the Hengduan Mountains. And 7 haplotypes were detected. The total diversity ( H; =0. 809) was high
while the within-population diversity( Hs=0. 236) was low. Molecular variation analysisCAMOVA ) results revealed
a high level of genetic differentiation(84. 48% ) among populations. The estimates of interpopulation differentiation
were very high(Gs=0. 708, Fs =0. 84476, Ng = 0. 863). Further, the higher N than Gg suggested a distinctly

phylogeographical pattern whereas the value of average gene flow(N,,=0. 09)was low. Phylogenetic relationship of
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the 7 haplotypes detected had similar topology with Maximum likelihood( ML) tree analyses. Phylogenetic analyses of

haplotypes indentified 3 major clusters of the recovered haplotypes: east, west and the third one in between the first

two. Our results indicated that there were multiple refugia for this species during the glacical stages. We failed to de-

tect the large-scale interglacial or postglacial range expansion in this species. The special phylogeographic structure of

S. alpina may have resulted from a combination of the uplift of the Qinghai-Tibet Plateau, Quaternary climatic oscilla-

tion and complex topology of the Hengduan Mountains.
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Fig.1 The sampled locations and distribution of cpDNA haplotypes within and among populations of
S.alpina (Al of the population codes from 1 to 13 are accordant with Table 1)
1 15 DNA (S1-S7) (H,)
Table 1  Origin of materials, measurements of haplotypes diversity( H,)and composition/
frequency from cpDNA haplotypes (S1-S7) in 15 populations of S. alpina
No. Locality Voucher Latitude Longitude Altitude Sample Haplotype?s . Haplotype Nucleotide
(P.) Ref. (E) (N) (m) size  ( Frequencies, %) . . . .
diversity, H, diversity n
P1 Chen2007035 30°21" 96°27' 4 290 12 S5(41.7),S6(58. 3) 0.53034+0.0764 0. 000573
P2 Chen2007043 31°32' 96°22' 4 210 12 S5(58.3),S6(41.7) 0.530340.0764 0. 000573
P3 Chen2007054 31°05' 96°24" 4 410 12 S5(50),S6(50) 0.545540. 0615 0. 000590
P4 Chen2007179 30°07' 97°17' 4320 14 S3(100) 0 0
P5 Chen2007205 31°11' 97°02’ 3 380 9 S3(100) 0 0
P6 Chen2007210 31°21' 97°42' 4 490 6 S1(100) 0 0
P7 Chen2007218 31°20’ 98°03' 4 360 10 S1(100) 0 0
P8 Chen2007239 31°57" 98°54" 4410 7 S1(100) 0 0
P9 Chen2007244 32°03' 99°01" 4 570 12 S1(83.3),S7(16.7) 0.303040. 1475 0.000328
P10 Chen2007251 32°30" 98°27' 4 380 13 S1(100) 0 0
P11 Chen06318 31°37' 100°43’ 3 460 15 S1(40),S2(60) 0.514340. 0690 0. 000556
P12 Chen06280 29°38' 100°21' 3 891 15 S1(6.7),S2(93.3) 0.13334+0.1123 0.000144
P13 Chen06307 30°04" 101°20" 4 280 15 S2(100) 0 0
P14 Chen2007025 33°11' 97°24' 4 040 15 S1(40),S3(60) 0.514340. 0690 0.001112
P15 Chen06037 31°58' 96°30" 4 320 15 S4(66.7),S5(33. 3) 0.476240.0920 0.001030
Total 182 0.795940.0138 0.002277




620 32
1.2 DNA PCR —Fg)/ 2F¢ (Slatkin, 1995), Tajima (1989)
DNA CTAB
(Doyle JJ &. Doyle J1.,1987), cpDNA trnl- DnaSP 4.0 R
trnF PCR . PCR 25 NETWOR
pL:2.5 pL 10X PCR (1.5 mmol/L  VER.4.2.0.1 .  GenBank
MgCl,),0. 2 pL 10 mmol/L dNTP, (5 Spiraea betuli-
pmol/L) 0.8 pL,Tag DNA 1 , 10 folia( AJ390368), Rosa californica ( AF348567)
~20 ng DNA R 25 ul, Sorbaria sorbifolia ( AF348569; Richardson R
:94 C 4 min; 30 2000;Potter ,2002) R PAUP *
94 C 1 min,54 C 50 S,72 4.0 (Swofford, 2003) o
C 45 s; 72 °C 7 min ., PCR (ML) ,
0.7% o (TBR), o
CASpure PCR Purification Kit ( “ ” (Boot-
) o strap) , 1000
1.3 2
trnl-trnF Clustal X
, (Thompson 2.1
1997, MEGA 4.0.1 15 182 trnl-F
(Base composition) , DnaSP4. 0 (Rozas ,2003) ,  Clustal X 925
(polymorphic sites) . trnl-trnF L (A
(haplotype), PERMUT +T) 68. 7%, (G+C) 31. 3%,
(average gene diversity DnaSP4. 0 7 , 7
within populations, Hs) . (total C 2,
gene diversity, Hy) | Ggr (co- 2.2
efficient of gene differentiation; Raymond &. Rous- 15
set,1995) Ny (Grivet & Peit,2002) U- H, 0.7959%£0.0138, n
Gsr Ngr (1 000 0.002277, 7 ’ S1
Do . 59 o
ARLEQUIN version 3. 01 (Ex- (H,). (n).
coffier ,2006) 1, 1,
(haplotype diversity, Hy) . (nucleo- PERMUT
tide diversity, n) (Nei, 1987), Hs (0.236),

AMOV A (Analysis of Molecular Variance)

, Fyr (Weir and
Cockerham,1984) (1
000 ). . cpDNA

- (drift-migration equilib-

rium) , N,
(Nei, 1987) Arlequin Fsr

) N, :N,, = (1

Hy (0.809),
(0.863), U-

Gsr (0.708) Ngr

Nsr
GST(P<O. Ol) )

(GST =0. 708) ]
(Pons & Petit,1996),
(AMOVA) ,

84.48%, 15 52%.,



621

2 trnL-trnF

7

Table 2 Variable nucleotide sites of the aligned sequences of the trnl-trnF genetic spacer in 7 chlorotypes of S. alpina

Variable Sites

Haplotype tral. 348 487 730 743 751 797 trF 859
S1 G A G T T T C
S2 G A G A T T C
S3 G A G A G T C
S4 T A A A G T A
S5 T T A A G T C
S6 T A A A G T C
S7 G A G T T A C
For=0.84476(P<C0.001)C  3),
’
(drift-migration equilibrium) , Fer =0
- ——Freq. Exp.
(N,)
[
0.09, . g
I
3 DNA
(AMOVA)
Table 3 Results of analysis of molecular " P
variance(AMOVA)of ¢cpDNA sequence Pairwise differences
data from populations of S. alpina
2 182 trnl-F
Exp: ;5 Obs:
Source of variation d. f. SS Ve %)

Among populations 14  161.743 0.94168 84.48

Within populations 167  28.900 0.17305 15.52
Total 181 190.643 01.11474
Fsr=0.84476 (P<C0.001)

Fixation index

DNA
, C 2,

Tajima’s D=1. 56109 (P>
0. 10) \Fu and Li’s D=1. 14807 (P>0. 10)
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Fig. 2 Mismatch distribution of sequences data of the
trnL-F fragment from 459 individuals of S. alpina
The thin line represents the expectation; the

dotted line represents the observed value.
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Fig. 3 Phylogenetic relationships of the 7 haplotypes
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