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Abstract In this study total DNA was extracted from Lilium pumilum on southeast of the Qinghai-Tibetan
Plateau using modified CTAB method. Using genome DNA as template nrDNA ITS and cpDNA petB/petD
regions were amplified purified and sequenced. By sequence alignment it was known that length of nrDNA
ITS sequence was 696 bp of which 4 variable sites with a percentage of 0. 72% were found. The G + C
content of the ITS sequence was 60.4% and 7 haplotypes were produced. The length of cpDNA petB/petD
sequence was 616 bp of which 1 was variable sites with a percentage of 0. 16% was found. The G + C content
of the sequence was 34. 6% and 2 haplotypes were found. The petB/petD region of L. pumilum was more
conserved than ITS sequences and evolved more slowly. The present distribution range of L. pumilum has

probably experienced range expansion by the haplotype analysis of mismatch distribution and neutral test and
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AMOVA analysis showed that the genetic variation of L. pumilum mainly existed within populations. The N¢, >

Gy P >0.01 further showed that there was no significant phylogeographic structure of genetic variation in L.

pumilum. Therefore the nrtDNA ITS sequence of L. pumilum was more suitable for phylogeographic study of this

species.
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S 0 Bl 9 ITS4  TCCTCCGCTTATT-
GATATGC 1 ITS5 GGAAGTAAAAGTCGTAA-
CAAGG " D & petB CTGCCGTATTTATGTTA-
ATG Fl petD GTCTAGCCCCTGTTCTTCCT " 4%
BIRFILFE ITS 1 petB/petD 55 EAT Y1 9734
S AE Bio-Rad MyCycler PCR " $44% 4T 47
BERRZR ' N FE 25 pL AR IR R &
Mg** 2.0 mmol- L™" dNTPs 0.2 mmol- L™" 5|4y
0.2 pmol- L™ Taq i 0.25 U 50 ng 4z DNA 2
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Bif5 72°C 28 10 min fJ5 -4 CHAEsE ] B
OB H VKA o 2% B — W52 1Y PCR P24k 22

TAYTHE bl BOhARAF 58 el A
FP o X ANRE S AT AU I Y IR A — O
A A 72 S s R G 2R AT = 0O F RLORIE
AR R R S R AT A
e S 4h 8 4% cpDNA FBribfT PCR ¥4 5 /%
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Table 1 Material source of L. pumilum populations

i o EE i s o Fi&H i
Population itude  Longitude Latitude Location Total No. ITS sequence petB/petD sequence
m K N number of Haplotype ~ number of Haplotype

F3k Mengda 2036 102°38'59.0" 35°49'20.6" Hi%ffk Haidong Xunhua 10 HI 7 H2 3 T 10
1 Yalang 2798 101°59'58.9" 35°29'47.2" #[{" Huangnan Tongren 10 HI 9 H2 1 T 10
M Jieshengu 2821 102°04730.6" 36°02'42.8" i 4ifki Haidong Hualong 9 HI 7 H3 1 H6 1 19
FH: Yaogi 2206 101°58'13.5" 35°56'50.0" #R44L Huangnan Jianzha 10 HI 10 T1 10
4111 Beishan 2647 102°46'49.1" 36°22'34.7" 37 FAN Haidong Minhe 10 HI S H21 H3 1 T 10

7§ ¥ Xibusha 2761 101°57°40.8" 35°21'35.1" #fi[il{~ Huangnan Tongren 10 HI7 H22 H3 1 I 10
%1% Dongxia 2619 101°23'38.6" 36°39'51.2" PG5 Xining Huangyuan 10 HI 9 H2 1 T1 10
UUNP Shuangpengxi 2629 102°10°20. 17 35°34'21.3" #7§{" Huangnan Tongren 10 HI 10 I 10
ik Xianmi 2827 101°59'55.4" 37°16'54.8" ig4LI T35 Haibei Menyuan 9 HI 8 HT 1 19
H#T Ganchankou 2350 102°2506.17  37°01'27.7" #4518 Haidong Huzhu 9 HI 4 H23 H52 I 9
%% Maixiu 3918 100°56'24.9" 35°19'28.5" 7% Huangnan Zeku 10 HI 6 H2 4 T 10
{1386 Bayan 2882 101°08'20.4" 36°44'35.7" iU Xining Huangyuan 6 HI 4 H22 TI 6

B Qunjia 3648 101°4107.0" 36°15'32.6" i Xining Huangzhong 10 HI7 H22 H3 1 1 10
T Gushan 2482 102°58'43.7" 36°05'08.9" 37 ELA Haibei Minhe 10 HI 9 H2 1 T 10
¥ Zhugu 3525 102°12'44.8" 37°09'36.0" #iti 195 Haidong Menyuan 9 HI S H2 1 19
P14 Xigou 2204 102°42'14"  36°11°05.1" 7R Haidong Minghe 10 HI3 H4S H61 HT1 T 10
¢} Baoku 2746 101°33°24.8" 37°09'35.5" P Xining Datong 7 Hl 4 H22 H3 I Tl 7
M Xinglong 2420 104°01°55.2" 35°46'46.9" Mt Gansu Yuzhong 12 HI 8 H24 T4 T28
3543 Chafu 2304 104°05'28.6" 34°28'27.9" IR E Gansu Minxian 6 HI 2 H2 4 T1 6

% Shiguan 2119 104°16'44.4" 34°49'56.1" 71 E Gansu Zhangxian 10 HI 7 H2 3 I 10
W Jiudian 2585 104°09'26.0" 34°41'43.6" H it E Gansu Zhangxian 10 Hl 4 H2 4 H32 2 10
17 Shimen 2822 102°54'36.4" 36°59'17.1" i K Gansu Tianzhu 3 H2 3 11 3

¥ Caid 2215 104°23'35.2" 34°55'11.2" 77 Gansu Longsi 9 HI 4 H23 H32 19
e Yihugiao 2073 104°17°46.2" 34°50'56.3" {71 E Gansu Zhangxian 4 HI 3 H3 1 TI 4
11 Taibai 1460 107°12'S3"  33°59'30"  BEpAF1 Shamd Taibai 4 HI 1 H22 H3 I TI 4

23 Total 217
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E 1 nrDNA ITS Xi3 A 70 cpDNA petB/petD Xi3, B PCR # 1% jk & R
Fig.1 Results of PCR amplification of ITS A and cpDNA petB/petD B
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Table 2 Variable sites among 7 haplotypes of the ITS of

L. pumilum
A A5 {37 45 Variable sites
Haplotype 41 82 494 521
H1 C C C G
H2 — T T -
H3 — — T -
H4 T — — -
H5 — T - -
H6 T — - A
H7 T T — _

2.2 WAKEEEITS 1 petB/petD 54347

XiF BT AR TTS Fl petB/petD [X 37 17 XL
I IFR A BioEdit £ ClustalX #E47 H Xt
ZAlEF L 5 A5 2 ITS g8HEAE E K EE S 696 bp
G+C &HHIE60.4% ZE5ALE 4350 0.72%
AR ST EAT 4 4b BITE 41 82 F1494 kb K/ C-T %%
o 7E 521 kbR A G-THife 62 ZHXHITS ¥

FIILHHA 7 FhepfE AL Horh HI i) A spfE i 4
i TEx SM EHEAMHE 24 AN EfEh 25 &
B HA YQ SP SM 3 A& BN A7 78 & B N A2
S AR 22 AN SRR AR A AN [R) R B JE e 9 A1k (]
S5t
22 AMOVA 5387 JEHF N s G728 57 83.65%

JEREM] 5 16.35% 3 Fg,=0.16350 P <
0.001 fERIZBFFEAY ITS4-ITSS J7 51 A8 S b T 15
AF—1F 2 F1#  drift-migration equilibrium U B F
F o (B4 B0 9 Fh K SF- 1 8 8] (%) 37 24 3 IR
N, =1.2791 N, >1 FRETHERR]AY 5 E 37 07K -
e BEARRLR RN 2 RS
ZREPE H. se $70.430 0.048 4 JEFE[A] 451
WEZREE Hy se 9 0.518 0.0488 B JE B
WAL R B Gy se fH M 0.170 0.0795 Ny

se {HA0.218 0.0909 fifi ] U-iit 5 ext ITS
JPNRL AR AT R B R KB Ny > Gy P >
0.01  FUILPFEAL A T AAAE — 2 13 R b 2
A ENTE 2
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Table 3 Genetic variation of 25 L. pumilum populations based on ITS sequence

75 B b 5 B J sk 1%
5 ik e NI SRR e Gene o
Source of variation Degree of freedom  Sum of squares rentag .
components variation % Fgr Ny
JE£E] Among populations 24 22.939 0.069 40Va 16.35
0.163 50 2.5581
JEREMN Within populations 192 68.176 0.3550 8Vb 83.65
47T Total 216 91.115 0.42449
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Fig. 2
ITS4-ITSS sequence

tive frequency of the haplotypes b. Neighbor-Joining tree

Haplotype network of L. pumilum based on

a. Circle size is proportional to the rela-
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P>0.10 Fuand Li’ s D = ¥ 46{H M 0. 877 92
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Fig.3 Mismatch distribution of ITS sequences of L.

pumilum

%4 (LfFITS #0 petB/petD 5 EL B
Table 4 Comparisons of ITS and petB/petD sequences of

L. pumilum

EasE ke COMSERE (Lo on e e ATmA R

Percentage of

Name of Length . . G+C content  Haplotype Nucleotide
variable sites o liversity ersity

sequence bp % % diversity Hy  diversity P,

mrDNA ITS 696 0.57 60.4 0.485 0.00122

¢pDNA petB/petD 616 0.16 34.6 0.152 0.00025

ZXAHES] 13 petB/petD 751 (9 4H & K JEE
HN616bp G+C EEN34.6% X5 cpDNA FEH
G+C &AL’ WA SHYA 2RO H %
0.16% {XAE 182 bp A — A EH C-T &
IHFEFI G2 2 D fE s Hph T %1 5
A TER ID FERESMYHE 24 A FEfE iW] T1 &
JUATERAEEL T2 Sy D FERERAA XL SRR AR
I, R XL fEfE E N2 S Rl 3k 4
AT L ITS JPAIR) G + C & AR s i
Ir AR AL ZAEVERT R T petB/petD J¥ 31 5 4k
Wz H &% HE 8 45 cpDNA H Bt psbA/trnH
rbell 1F/1bell724R 1pl20/1psl12 tmQ UUG /rpsl6 x
1 ndhA x 1/ndhA x 2 rpLl16F71/rpLI6R1516
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R BTN FF R FE I By Fh 1TS % cpDNA
JPHIRSY HARS R RS S AR Rh petB/
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JEUAR A L P43 A i 13 s iR R TTS 7 35
T L0 Ja B AL D SRR SE X petB/ petD
FF9 B HE 8 2% cpDNA B s 45 RAG - cp-
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P>0.01 257K 0 LUz A A
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