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Abstract The topological effect of the Qinghai-Tibet Plateau during the Quaternary climatic
oscillation must have important effects on the patterns of spatial distribution and genetic
structure of organisms distributed there. To obtain a better understanding of the historical
dynamics of present-day species in this region, we examined the population structure of
chloroplast trnT-trnF sequence variation in Juniperus przewalskii, an endemic tree species
mainly distributed in the northeast plateau. Data were obtained for 392 trees from 20
populations covering the total distributional range of the species. Three cpDNA haplotypes
were recorded and were structured into two geographical areas: haplotype A was present on
the plateau platform, while all three haplotypes occurred along the plateau edge. Total genetic
diversity, Hr, was 0.511, with most variation distributed among rather than within populations
(Gs1=0.847). Along the low altitudinal plateau edge, haplotypes A, B and C tended to be fixed
or nearly fixed in different populations, indicating that the species may have survived the last
glacial period in different refugia within this area, and the bottlenecks due to the repeated
reduction and expansion of the population size resulted in the reduction of biodiversity.
However, in one population both haplotypes occurred at intermediate frequencies, indicating
the possibility of a contact zone or less strong bottleneck effect. On the eastern plateau
platform, haplotype A was commonly fixed in the current disjunct populations, suggesting a
common postglacial recolonization and a following founder effect. Our results indicate that
there might exist in multi-glacial refugia in the plateau edge and both bottleneck and founder
effects resulting from the repeated climatic oscillation combined had played important roles in
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shaping the current haplotype distribution pattern of this tree species.
Key word Qinghai-Tibet Plateau, Juniperus przewalskii, cpDNA, trnT-trnF, phyloge-
ography, bottleneck, founder effect.
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Fig. 1. The distributional range and haplotype distribution of Juniperus przewalskii.
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1.1
Juniperus przewalskii Kom. ,
, 100 m,
9 ( 1-9) 11 ( 10-20)( 1; 1),
12 24, 392 ,

1.2
1.2.1 DNA CTAB (Doyle & Doyle, 1987) DNA
cpDNA  trnT(UGU)-trnF(GAA) PCR , a (5'-CATTACAA-
ATGCGATGCTCT) f(5'-ATTTGAACTGGTGACACGAG)(Taberlet et al., 1991);PCR
25 uL , DNA 10-40 ng, Tris-HCI 50 mmol/L, MgCl, 1.5 mmol/L,
BSA 250 pg/mL, dNTPs 0.5 mmol/L, 6.25 pmol Taq DNA 0.75
: 94 3 min, 94 I min, 50 1 min, 72 1.75
min 32 , 72 7 min
PCR CASpure PCR Purification Kit (
) ;
trnT(UGU)-trnF(GAA) , , trnL
(UAA)C(5'-CGGAATTGGTAGACGCTACG); Amersham DYEnamic Dye Termin-
ator Cycle Sequencing Kit PCR , 94 15 s, 50 15 s, 60
90 s, 25 Amersham Autoseq 96 Plates , MegaBACE 500 DNA
Analysis System (Amersham Biosciences) (1) 20
10 15 , 10 ;(2)

M 3 2%
239 PCR
( 1)  CLUSTAL W(Thompson et al., 1994)

1.2.2 ,
He(Nei, 1987); Hs Hy(
), Gsr(Raymond & Rousset, 1995) Ngr Pons Petit(1995)
, , PERMUT HAPLODIV [\
1000 (Burban et al., 1999)
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1 trnL-trnF (He)
Table 1 Origin of materials, frequency of cpDNA haplotypes and measures of haplotypic (He) in the 20 populations of
Juniperus przewalskii

«C )
Popula- Location Latitude Longit- Altitude Voucher” Sample Haplotype (frequency)
tion ude size? (He)
code
1 36 94<= 3760 m 15 (15) A(0.933) B(0.067)  C(0) 0.125
Golmud, Qinghai 13.228" 17.166’ (J. Q. Liu)
1578
2 37< 97< 3340 m 14 (14) A(1.000) B(0) C(0) 0
Delingha,Qinghai 26.443" 45.766' (J. Q. Liu)
1540
3 36< 98 < 3700 m 21(10) A(1.000) B(0) C(0) 0
Dulan, Qinghai ~ 20.387" 14.870’ (J. Q. Liu)
1587
4 35< 97< 3750 m 20 (10) A(1.000) B(0) C(0) 0
Xiangride, 55.123" 46.087' (J. Q. Liu)
Qinghai 1579
5 38< 100= 3200 m 16 (10) A(1.000) B(0) C(0) 0
Qilian, Qinghai ~ 13.685" 15.279’ (J. Q. Liu)
0717
6 38< 100= 3040 m 20 (10) A(1.000) B(0) C(0) 0
Qilian, Qinghai ~ 09.010" 55.482' (J. Q. Liu)
1518
7 36< 99< 3210 m 22 (10) A(1.000) B(0) C(0) 0
Gonghe, Qinghai  54.939" 36.209’ (J. Q. Liu)
1601
8 35< 99<= 3700 m 17 (10) A(1.000) B(0) C(0) 0
Xinghai, Qinghai 32.376" 50.996’ (J.Q. Liu)
0801
9 34< 100= 3520 m 24 (10) A(1.000) B(0) C(0) 0
Magén, Qinghai  47.888' 14.123' (J. Q. Liu)
1765
10 37< 102= 3010 m 23 (14) A(0.130) B(0) C(0.870) 0.226
Huzhu, Qinghai  01.877" 15.027’ (J. Q. Lin)
1300
11 35< 102= 3100 m 20 (10) A(0) B(0)  C(1.000) 0
Tongren, Qinghai 31.884" 14.600’ (J. Q. Liu)
0072
12 35< 101=  3120m 22 (12) A(0.045) B(0) C(0.955) 0.096
Tongren, Qinghai 16.107" 53.775’ (J. Q. Liu)
1288
13 34< 101= 3400 m 18 (10) A(1.000) B(0) C(0) 0
Henan, Qinghai  31.274" 11.337' (J. Q. Liu)
0065
14 38< 99<= 3280 m 20 (10) A(0) B(0)  C(1.000) 0
Sunan, Gansu 41.816" 30.896' (J. Q. Liu)
1499
15 36< 101= 2500 m 22 (15) A(0.091) B(0) C(0.909) 0.165
Tianzhu, Gansu  53.161" 41.269’ (J. Q. Liuw)
1451
16 36< 102= 1900 m 18 (10) A(1.000) B(0) C(0) 0
Yongdeng, Gansu 41.075" 45.620' (J. Q. Liuw)

1465
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1( ) Tablel (continued)

«C )
Popula- Location Latitude Longit- Altitude Voucher” Sample Haplotype (frequency)
tion ude size? (He)
code
17 37< 102= 3020 m 21(10) A(1.000) B(0) C(0) 0
Zhangye, Gansu  23.245' 32.444’ (J. Q. Liu)
1495
18 34<= 102= 3480 m 24 (14) A(0.542) B(0) C(0.458) 0.496
Luqu, Gansu 04.705" 38.094’ (J. Q. Liu)
LMS
19 33< 103<= 3100 m 23 (23) A(0) B(0)  C(1.000) 0
Zoigé, Sichuan ~ 37.820" 14.720’ (J. Q. Liu)
1873
20 32< 103<= 2990 m 12 (12) A(0)  B(.750) C(0.250) 0.375
Songpan, Sichuan 23.383" 31.438’ (J. Q. Liu)
1909
1) (HNWP) 2)

1) Vouchers are preserved in the herbarium of Northwest Plateau Institute of Biology, the Chinese Academy of Sciences
(HNWP). 2) The following number denote the individuals being sequenced in each population.

ARLEQUIN (version 2.0; Schneider et al., 2000) AMOVA (Analysis of
Molecular Variance) (Ecoffier et al., 1992) (
/ ) Fsr (Weir & Cockerham, 1984),
(1000 )
2
20 220 ( 10-15 ) DNA trnT-trnF
; , 703-728 bp; ,

3 (haplotype):Hap A Hap B Hap C( 2), 3 EMBL
GenBank , AY730342 AY730343 AY730345 Hap A(728 bp) Hap B
Hap C(703 bp) , 54 (T-G),

59 84 25 ;Hap B Hap C , 625
(A—-T)( 2) 10
, 3 , Hap B
1 20 , Hap C 10
Hap B, 1 20 , 1 20
2 19 ,
1 20 220 ,
239 1 ,
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6
2
5 5 8
4 9 4 0
Hap A TTATAATA A

Hap B seces(Geeeesss AATTATAGCGAATCGAATTAGAATA A
Hap C seces(Geeeerss AATTATAGCGAATCGAATTAGAATA T

2 trnT-trnF
Fig. 2. The trnT-trnF sequence difference of three haplotypes in Juniperus przewalskii.

Hap A Hap C, 25 bp, ,
153 Hap A Hap C
1, 1 (
1-9) HapA; 3 ( 1316 17) , (
10 12 15 18) , Hap C
, ( 10 14 15 11
12 19), ( 18 20) B
2 , (0.067) 1,
(0.750) 20
,3 A=0.634 B=0.041 C=0.323
Hs (se)  0.078(0.034), Hr (se)
0.511(0.075), Ggsr(se) 0.847(0.057),Nsr (se) 0.864(0.053)
( 1, 10-20)Hs (se) 0.130 (0.056),Hr (se) 0.574(0.083), Ggsr (se)
0.774(0.097),Nst (se) 0.800(0.097) 9 Pernut
HT 100%, , Haplodiv , ( 1,
1-9)Hs (Nei) 0.015, Hr(Nei) 0.015,

Gsr (Nei)  0.012

3
DNA (Marshall & Neale, 1989; Mogensen, 1996),
,Gs1=0.847,
15 17 ,
(1 Juniperus sp.
(Schliitz et al., )
DNA trnT—trnF 3 :

Hap A, Hap A Hap B Hap C Hap B

1 20 , 400 km
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( ) ; ,Hap C
( Hap A) , 3
, ( , 1998),
5 ’ ’ 3
3
( 15 16 17 ), (Gsr= 0.774),
18 )

(Petit et al., 2003)

5 b

8 Hap A,
(recolonization)
, ( , ,1996)
Hap A ( Hap B Hap C) , Hap A
2 1 2
, Hap A, HapB
; :(D
3(2)
Pinus densata Mast.
(Song et al., 2003)
( ; ,1996),
(charcoal) , )
, Juniperus L. Picea A.

Dietr. , 5000-8000 (Miehe et al., )

b



6 : DNA trnT-trnF 511

, cpDNA trnT-trnF ,

b

, Hap A
cpDNA trnS-trnG , )
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