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Genetic structure and differentiation of Psathyrostachys huashanica populations

detected with RAPD markers

WANG Li,YANG Juan,GUO ng , ZHAO Gui—Fang (School of Life Science, Biodiversity Research Center of Qinling Mts,
Northwest University, Xi’an 710069,China). Acta Ecologica Sinica,2005,25(4):719~1726.

Abstract: Psathyrostachys huashanica Keng is a perennial grass and belongs to genus Psathyrostachys in Triticeae.
Psathyrostachys distributes in center of middle Asia and Caucasus Mt. , while P. huashanica, a species endemic to China, is
only located in Mountain Hua in Shaanxi Province. At present, the populations of this species are decreasing, and reaching the
edge of extinction. Due to the distributing limitation and importance as breeding material for germplasm storage, it has been
considered as the first class of national protected rare plants. For this reason, the present study is significant in probing plant
flora, origin and evolution of Triticeae and crop breeding.

Randomly amplified polymorphic DNA (RAPD) markers were used to analyze genetic structure and differentiation of P.
huashanica populations sampled in three valleys (Huangpu, Xian and Huashan Valleys) in Mt. Hua. One hundred and twenty-
two RAPD fragments were obtained in all 266 individuals with 20 primers with mean of 6.1 (2~10) fragments per primer.
The percentage of polymorphic loci (PPB) is 60.66% in Huangpu Valley, 90.98% in Xian Valley, 95.08% in Huashan
Valley, and the total PPB is 95.08% , which indicated a highly genetic variability of P. huashanica. The Shannon’s

Information index and Gsr are 0. 3306 and 0. 3263, respectively, indicating that there were more genetic variations within the

ELWH . BXERMERE BT E (39770087) ;R4 8 KA 2 & ¥ BHT H (2001SM20)

o E 3#3: 2004-06-07 ; {8 1T H # : 2005-02-11

EEBA . EWA76~) . X . HBFEN BLAE  TENFEWBI S TESERE,

* WIAAEH Author for correspondence. E-mail : gfzhao@nwu. edu. cn

Foundation item:National Natural Science Foundition of China(No. 39770087) and Shaanxi Natural Science Foundation(No. 2001SM20)
Received date:2004-06-07 ; Accepted date;2005-02-11

Biography : WANG Li,Ph. D. ,mainly engaged in molecular ecology and plant anatomy.



720 £ F ¥ #® 25 %

subpopulations than those among the subpopulations. The gene flow among the subpopulations of P. huashanica (Nm =
1. 0322) is much less than that of the common anemophytes (Nm=5.24). Mean genetic distance is 0. 1571 (range : 0. 0022~
0. 2901). The highest value of genetic distance was found between the subpopulations (hpl) of Huangpu Valley and the highest
altitude subpopulation (h8) of Huashan Valley. Correlation analysis detected significant correlation between genetic distance
and vertical distance of altitude. Clustering analysis and principal coordinate analysis revealed the genetic differentiation among
the populations of P. huashanica. Differentiation mainly occurred between the higher altitude subpopulations and the lower
altitude subpopulations, suggesting that altitude might be the major factor that restricted the gene flow between different
altitude subpopulations and resulted in differentiation of subpopulations.

Key words : Psathyrostachys huashanica; RAPD; genetic structure; genetic diversity
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4 11 3 £ B (Psathyrostachys huashanica Keng) B FARAB K ERFTEER LS FELEELAAY , RRENSEMN U= FHE £
WM. HEERRNERAEZBEY, B, FLHEENAHRAM R NEBRNERSHUAEEENE. ARG TRUFER
BAVE SRR M RARSH L EARZRATHYYR AAREYER TAEMERS . BERNXMEHIINER %
PRALKPEYHATRPOREYTFEEZHC ., UEMHRRAELFEEQRERTESESEFERE S0,
BAEMERCHRRR, FILFEEAREHARLEREMGRESSE. Wi R ILHEEHERE S HFEER R
BEREMROETT —RFRDD. AT EFORPXME L MR RRE, 4308 RAPD AN ELFEEAREHORES
AR PR IS B S HERT W REMBIR RS RA B EFHMXHEY PR P REEBKE.

1 #HB5FE
L1 EFShEE

PREREE T 2000 4EF 2002 4E 89 4 A E 5 B [#47, BeAt R1 IMERBIIEROBRSREN M
FRELFEENEREY, TREXBREFSEERLET. Table 1  Altitude and number of individuals sampled in thirteen
REEAE 1L B RR IR AL A RO LI BB A 91347, 75454 Sobpopvlations of three valleys

W W B BSOS R E RS T RS (EER (E D, RAEH & iﬁl q‘fffgim) Nufn‘:‘fof
BT 4L B R R R, AT R K, B R AR Location number altitude individuals
EEIREBEE Im UL, URRR - EEMABEEERE. HE8® hpl 370 21
BEHLR SR R T B BB K SRR TR hpz 560 20
WE LR EE T — 80 CEAEE KA IS, i i 2
1.2 DNA #£E 55| ¥k x3 530 20
AWRFARBA 2XCTABEMBERENFEENE LG E2K% hl 483(460~510) 20
DNA, ZEGHES LR F  IAER PVP MHLIF A 57 1h 2 EEX hz 684(640~710) 22
wop e s g e[0T R
M (10ng/ul) , HAE— 20 CARAF& . 100 &IG A L9 Rk b5 1350(1310~1400) 20
ERBRAERFITARWENIY  2WLHTHE B2 eld:3 hé 1559(1550~1610) 20
DNA #5254 1 Wi B2 52 3 = 1B 20 & 3199 (& 2), X4 i R b7 2000 20
_ 13 h8 2140 20
A 266 & #TT PCR 3.

£ 2 AWEAFEROBENS Y

Table 2 Random primers used in this study

#9 BAl5-3 Py Al 53 Py 2T T A 53
Serial number  Sequence 5'-3' | Serial number  Sequence 5'-3’ || Serial number  Sequence 5’-3' || Serial number Sequence 5'-3'
BA0017 AGGGAACGAG BA0031 CAATCGCCGT BA0047 TTGGCACGGG BA0079 GTTGCCAGCC
BA0027 GAAACGGGTG BA0033 CAGCACCCAC BA0048 GTGTGCCCCA BA0080 ACTTCGCCAC
BA0028 GTGACGTAGG BA0039 CAAACGTCGG BA0051 AGCGCCATTG BA0123 CCTGATCACC
BA0029 GGGTAACGCC BA0040 GTTGCGATCC BA0068 TGGACCGGTG BA0379 CACAGGCGGA
BA0030 GTGATCGCAG BA0042 GGACCCAACC BA0075 GACGGATCAG BA1020 GGAAGGTGAG

1.3 M ES5EHRN
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PCR " # M Rk R . MR RLAR R 1501, 2o 10 X X B 48 # ¥ (100mmol/L KCl, 80mmol/L (NH,),S0,,100mmol/L
Tris-HCI, PH 9.0, NP-40)1. 5ul,MgCl,(25mmol/L)1. 13pl,dNTP(dATP.dTTP.dGTP,.dCTP,10mmol/L each)0. 45ul , 1
DNA (10ng/pl) 1. 5ul, BEHL 51 ¥y (0. 7umol /L) 6pl, Taq B (5u/pl, ¥ Sangon)0. 3ul, #4iK 4. 1pl, BREARNEBEGR -EE
15p] ¥y . 7€ TGradient (Biometra , Whatman. Techne{Cambridge)Limited , United Kingdom)PCR ¥ {¥ 147 DNA ¥
BRI F R 96 CHA Y 5min 30s; #H 94 CA#E 1min 10s,40°CE ¥ 1min F 72°CIEf 1min 30s, 34T 40 MER; &5 72°C
A 10min, =Y 1. 8% BIEHE (& 0. 5mg/ml EB)BEB B 3k 43 3 , 6 K 55V, Ik B W R 1 X TAE, LA DGL2000 £ 43
FEREACEHEEAYERZES L) BTk 2h, £ UV BT &K PCR ¥ 87 ¥ 3@ i Kodak Scientific Imaging Systems %§
B8 % % 120(Estman Kodak Company) {8 .

1.4 ¥FH=YMicR5REHSHT

R FF A1 F“08 % RAPD FBE“HF”(BHOMT” (B, 3K %8 0.1 =S . A POPGENE 3k 4 53 7 -
HFFERN B A L (PPB) Shannon ZREMIEHA Nel ZH BHEH BB GBS TERANBREES, ERERR
(Nm) BRI RZ B (Gst) . ) UPGMA #: (Unweighted pair-group method with arithmetic averaging) #£ 17 B384 47 , H: 4
B E. R A SPSS 10. 0 # 4 # 1T PCA 4347 (Principal Components Analysis), MLt & BB NMEN S @24 . 5B
SN BINE L EE T E B AN REERERERSERET THX ST EERRE.

2 4REHW
2.1 BBHHMNLEPPB)

FIA 20 ZBENLGI X EILFHFE 13 N IESERE 266 N MERY 122 ML A#HFT RAPD I 8, B H P 116 M AREEM.
FERBKTL. RUHFEFELNESENMALE PPB=0.9508(F 3), AR 3IANEH ,FILIBFEHEPPB=0.9508) M EH LA
b B B K, K Rl A B BE (PPB=0. 9098) , IR [ #E (PPB=0. 6066) I A M LB H /N, HELBBN BB B EMALL
FA/PHET) & T B BEIUF 2 :ha>h5>%x1>x3>h3,x2>h2>h6>h7>h8,hp1>h1>hp2.

123456 7 8 91011121314151617181920M 1234567 891011121314151617181920M

B 1 Fi BA0029 X4 ¥ 2 hp2 TR BEAG 1Y ‘ & 2 F BA0033 X4 L#HEE hs WEMHNY H

Fig. 1 Amplified products of subpopulation hp2 of P. huashanica Fig. 2 Amplified products of subpopulation h8 of P. huashanica

using primer BA0029 using primer BA0033

2.2 HRILFEFARERNBIGEN

Shannon ZHEMBANER,FE IS BUFHELETEFT . WEFL HSEEEK, X 0.260 ELEF M WEE. N
0.3891. B AR MBS SRR (Hsp) 2l 0. 4849, 0 J& 7F A & #1458 (Hpop/Hse ) 7 0. 6694, TE & #¥ [8] (Hse — Hpop/Hsp) W K
0.3306(F 4).

Nei #ETENBILFZEREHANERZHEH) R 0.3198, T REENEE SR (Hs) K 0. 2158, 37 & B 6 i 8 15 4
HRB(Gsr) N 0.3263(F ). MEFBHKFWME, EEH h WENSHEMERMK, X 0.1739; WEH hs BB, 0. 2599,
Shannon ZHEMEHEE S Nei HEEZHERHERHEA-BHE. REUEHTEER, E U EHER S HERIRFHF M
F :h4>x1>h6>>h5,x3>x2>h8>h7>>hp1>h2>h3>hp2>h1.

HIHEE 3B RAPD HIES T REEBBEHRMN MR HEPPB) MM EMNEERR ) FHEMEEK
(ne) \Nei 3 [ ZH ¥ 36 $0 () il Shannon D REF SRR GOHRTFHERNER FLBEHETEINMEHTRE
BEKGES.

2.3 HWFEETERENBREERS5RESTUPGMA )

Wi HFEEVERNBREERSTERTHGE 6),13 IR B E K BRAEEEEM 0.0022 2 0.2901, FHEHE R
0.1571, Hep , W/EH hpl 5 [E B b8 2 18] 38 5 5 B Bt K (Dmae =0. 2901) , YEJB B h2 5 W /B H¥ h3 Z I8 M3 15 B 3 & /) (Do
=0.0022),

M5 hRA R, R FEE T ERERE RS —REGDUTEER h2 fMEE R h3 BB K (Glu=0.9978), I /& ¥ hpl #
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Table 3 Polymorphic loci detected with twenty primers for thirteen subpopulations of P. huashanica (proportion of polymorphic loci)

k12 IR WE I fE TE B WE I FE /2 T WE W & W E N N . J58 ¢
P;filﬁr #Ei B2 B3 B4 B Bo B B ﬁ}f ﬁ)ﬁ) B B 12 B3 ﬁ}iiﬂ@ *f% Mx% Totz}l

hp 1 hp2 hl h2 h3 h4 h5 hé h7 h8 x1 x2 x3 loci
BA0017  1€0.17) 1(0.17) 3(0.50) 1(0.17) 0(€0.00) 1(€0.17) 0€0.00) 3(0.50) 2(0.33) 3(0.50) 2(0.33) 5(0.83) 5(0.83) 1(0.17) 6(1.00) 6(1.00) 6(1.00)
BA0027  5(0.63) 2(0.25) 4(0.50) 3(0.38) 3(0.38) 6(0.75) 5(0.63) 8(1.00) 8(1.00) 7(0.86) 6(0.75) 3(0.38) 5(0.63) 5(0.63) 8(1.00) 7(0.88) 8(1.00)
BA0028  1(0.50) 0€0.00) 0€0.00) 1(0.50) 1(0.50) 1(0.50) 1¢0.50) 0¢0.00) 0(0.00) 0(0.00) 0(0.00) 1(0.50) 1€0.50) 1(0.50) 1(0.50) 1(0.50) 1(0.50)
BA0029  4(0.80) 3(0.60) 3(0.60) 4(0.80) 4(0.80) 5(1.00) 2(0.40) 4(0.80) 4(0.80) 3(0.60) 3(0.60) 4(0.80) 5(1.00) 4(0.80) 5(1.00) 5(1.00) 5(1.00)
BA0030  8(1.00) 8(1.00) 8(1.00) 5(0.63) 7(0.88) 8(1.00) 6(0.75) 5(0.63) 5(0.63) 6(0.75) 8(1.00) 8(1.00) 8(1.00) 8(1.00) 8(1.00) 8(1.00) 8(1.00)
BA0031  6(0.86) 5(0.71) 2(0.29) 6(0.86) 7(1.00) 7(1.00) 7(1.00) 4(¢0.57) 4(0.57) 3(0.43) 2(0.29) 6(0.86) 6(0.86) 6€0.86) 7(1.00) 7(1.00) 7(1.00)
BA0033  1(0.20) 2(0.40) 2(0.40) 4(0.80) 2(0.40) 4(0.80) 3(0.60) 2(0.40) 1(0.20) 0(0.00) 1(0.20) 2(0.40) 3(0.60) 2(0.40) 4(0.80) 4(0.80) 4(0.80)
BA0039  3(0.43) 4(0.57) 3(0.43) 4(0.57) 5(0.71) 7(1.00) 6(0.86) 6(0.86) 5(0.71) 7(1.00) 7(1.00) 2(0.29) 7(1.00) 4(0.57) 7(1.00) 7(1.00) 7(1.00)
BA0040  7(1.00) 7(1.00) 7(1.00) 5(0.71) 6(0.86) 7(1.00) 7(1.00) 4(0.57) 4(0.57) 5(0.71) 7(1.00) 6(0.86) 7(1.00) 7(1.00) 7(1.00) 7(1.00) 7(1.00)
BA0042  5(0.83) 5(0.83) 5(0.83) 4(0.67) 4(0.67) 5(0.83) 6(1.00) 5(0.83) 5(0.83) 5(0.83) 5(0.83) 5(0.83) 5(0.83) 6(1.00) 6(1.00) 6(1.00) 6(1.00)
BA0047  0€0.00> 0€0.00) 0(0.00) 2(0.40) 2(0.40) 4(0.80) 4(0.80) 1(0.20) 1¢0.20) 3(0.60) 1(0.20) 1(0.20) 2(0.40) 0(0.00) 4(0.80) 2(0.40) 4(0.80)
BA0048  5(0.71) 4(0.57) 5(0.71) 7(1.00) 7(1.00) 7(1.00) 5(0.71) 4(0.57) 4€0.57) 6(0.86) 7(1.00) 5(0.71) 5(0.71).50.71)  7¢1.00) 7(1.00) 7(1.00)
BA0051  3(0.38) 3(0.38) 5(0.63) 7(0.88) 7(0.88) 6(0.75) 7(0.88) 6(0.75) 6€0.75) 2(0.25) 7(0.88) 6(0.75) 5(0.63) 3(0.38) 7(0.88) 7(0.88) 7(0.88)
BA0068  0€0.00) 0€0.00) 1(0.20) 3(0.60) 3(0.60) 3(0.60) 4(0.80) 4(0.80) 4(0.80) 1(0.20) 4(0.80) 2(0.40) 1(0.20) 0(0.00) 4(0.80) 4(0.80) 4(0.80)
BA0075  0€0.00) 2(0.20) 5(0.50) 6(0.60) 7(0.70) 7(0.70) 8(0.80) 5(0.50) 5(0.50) 2(0.20) 8(0.80) 8(0.80) 8(0.80) 2(0.20) 10(1.00) 8(0.80) 10(1.00)
BA0079  1(0.33) 1(0.33) 2(0.67) 2(0.67) 1(0.33) 2(0.67) 3(0.67) 1(0.33) 1(0.33) 0(0.00) 2(0.67) 2(0.67) 1(0.33) 1(0.33) 2(0.67) 2(0.67) 2(0.67)
BA0080  8(1.00) 6(0.75) 1(0.13) 8(1.00) 8(1.00) 8(1.00) 7(0.88) 6(0.75) 6(0.75) 6(0.75) 8(1.00) 6(0.75) 7(0.88) 8(1.00) 8(1.00) 8(1.00) 8(1.00)
BA0123  4(0.80) 4(0.80) 4(0.80) 5(1.00) 4(0.80) 4(0.80) 5(1.00) 5(1.00) 5(1.00) 3(0.60) 5(1.00) 5(1.00) 5(1.00) 4(0.80) 5(1.00) 5(1.00) 5(1.00)
BA0379  2(0.50) 3(0.75) 4(1.00> 3(0.75) 3(0.75) 3(0.75) 4(1.00) 1(0.25) 1(0.25) 0(0.00) 3(0.75) 3(0.75) 3(0.75) 3(0.75) 4(1.00) 4(1.00) 4(1.00)
BA1020  4(0.67) 3(0.50) 2(0.33) 2(0.33) 3(0.50) 2(0.33) 5(0.83) 4(0.67) 4(0.67) 6(1.00) 6(1.00) 3(0.50) 2(0.33) 4(0.67) 6(1.00) 6(1.00) 6(1.00)
Total 68 63 66 82 83 97 94 78 75 68 92 83 91 74 116 111 116
loci (%) (55.74) (51.64) (54.10) (67.21) (68.03) (79.51) (77.05) (63.93) (61.48) (55.74) (75.41) (68.03) (74.59) (60.66) (95.08) (90.98) (95.08)

22l

& G2



43 E W% RAPD 4 ¥ % & ARG BRI WA ER 2 723

WS ¥ b8 [E R/ (Gluin=0. 7482) , R 5 BFEBE M EEL - (R 6.
f4 FUFEE I ERBNEESHIEREHEMSN

Table 4 Genetic diversity index analysis of P. huashanica thirteen subpopulations

Shannon # #{ Shannon diversity index F# Mean Nei’ ZELHHETEE Nei’s gene diversity index -1 Mean

hpt 0. 3076 hp1 0. 2086

hp2 0.2759 hp2 0.1859

hl 0. 2609 hl 0.1739

h2 0. 3013 h2 0.1966

h3 0.299 h3 0.1945

h4 0. 3891 h4 0. 2599

hs 0. 3549 h5 0.2319

hé 0. 3446 hé 0.232

h7 0. 3136 h7 0. 2095

h8 0. 3119 h8 0.2117

x1 0. 3699 x1 0. 2447

x2 0. 3372 x2 0.2232

x3 0. 3539 x3 0.2319

WIERNTRIEZHE Heor 0. 3246 TREHEAEESREN Hs 0. 2158

BEfARESHME He 0. 4849 EEABNERZSHE Hr 0.3198

WFE BN RE B LR Heor/Hse 0. 6694 WREFENERSHEEILE Hs/HT 0. 6747

3 JE B (8] 3t 1% 2 #E4E L (Hpor— Hse) /Hsp 0. 3306 HE SRR Gst 0. 3263

F5 RLWFEEIIEFHBESHEDSH
Table 5 Genetic diversity of P. huashanica in three valleys

POP #EA K/ Sample size PPB na ne h I Gst

HIH W (hp) 41 60. 66 1. 6066 1.3812 0. 2196 0. 3262 0.1006

)11 Ch) 164 95. 08 1. 9508 1. 5000 0. 3041 0. 4644 0. 2986

Al (x) 61 90. 98 1. 9098 1. 5011 0. 2948 0. 4449 0. 2086

Bt Total 266 95.08 1. 9508 1. 5302 0.3198 0. 4849 0. 3263

6 CUFEEBINTEEHRET Nei IBENBEEENBEE—BEIN(TZARENBEERD
Table 6 Analysis of genetic distance and genetic identity g thirteen subpopulations of P. huashanica based on Nei’s gene diversity index
(Genetic distances below diagonal)

Spop hpl hp2 hl h2 h3 h4 h5 hé h7 h8 x1 x2 x3
hp1 * % % % 0.9451 0.7765 0.8592 0.8530 0.8710 0.8668 0.8209 0.8297 0.7482 0.8189 0.8487 0. 8285
hp2 0.0564 = % % » 0.7783 0.8839 0.8788 0.8827 0.8738 0.8477 0.8567 0.7586 0.8489 0.8701 0. 8392
h1 0.2530 0.2506 * = * % 0.8491 0.8520 0.8204 0.8466 0.8252 0.8193 0.7599 0.8720 0.8241 0. 8908
h2 0.1518 0.1234 0.1635 = = % » 0.9978 0.9276 0.9096 0.8712 0.8794 0.7791 0.8872 0.8657 0. 8888
h3 0.1590 0.1292 0.1602 0.0022 = % % = 0.9256 0.9067 0.8679 0.8760 0.7821 0.8879 0.8679 0. 8870
h4 0.1381 0.1248 0.1980 0.0751 0.0773 =* x % x 0.9554 0.8924 0.8979 0.8056 0.8433 0.8581 0. 8818
h5 0.1429 0.1349 0.1665 0.0947 0.0980 0.0456 x x % % 0.9129 0.9196 0.8155 0.8710 0.8585 0. 8977
hé 0.1974 0.1653 0.1922 0.1379 0.1416 0.1139 0.0912 = % * * 0.9957 0.8130 0.8488 0.8305 0. 8357
h7 0.1867 0.1546 0.1993 0.1286 0.1324 0.1078 0.0838 0.0043 == % % % 0.8113 0.8492 0.8330 0. 8373
h8 0. 2901 ' 0.2763 0.2746 0.2497 0.2458 0.2162 0.2039 0.2070 0.2092 % * x x 0.7609 0.7686 0.7873
x1 0.1998 0.1638 0.1370 0.1197 0.1189 0.1704 0.1381 0.1640 0.1635 0.2732 == x * % 0.8807 0. 8905
x2 0.1641 0.1392 0.1934 0.1442 0.1417 0.1531 0.1526 0.1857 0.1827 0.2632 0.1270 * % % » 0. 8683
x3 0.1882 0.1753 0.1156 0.1179 0.1200 0.1258 0.1079 0.1795 0.1776 0.2391 0.1160 0.1413 * * X ¥

H T Nei BB, fIH UPGMA X INFHEE BN TEHENREXRRETTERSN EROE 3 FR:134E
JEBEMANAMAST 1 AR LEH hpl A hp2, 55 2 X0 6 435, BN E 8 h2,h3,h4,h5,h6
h7, AP BREE R M T E# h2,h3,h4,h5 BAH . BEGROLEEH he 1 h7 BA—X . 58 3 TOHEME 3 M EFHMEL
IBEIRTERE hl, FILIRHSRTEE b8 BMy—F ., LIUEERTEER bl SWIBTEEHAEREAR. RESTE
RERILFEENLRBIBSHREER 5.

2.4 ERLSHT(PCA)
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PCAHFH . HIANEHBFEFELESHRRBRHFFIIFRARRLEWEEREZ—. AHREREKY, 266 S MERER
3N EHBPHEGEEMNS5. 99%.8 1 £4r& (Factor DEFMEEEN 26.19% (X #1),58 2 £4- 8 (Factor 2B EFHEER
B4 19.08% (Y Bi),%5 3 £4 & (Factor DAETHREB RN 10. 2% (Z #D.

HE daFaTREHE X B EEUFEEMEFEE 2~ RAEFPTEASHEME1I~3RANGEELIBRE
RIER h6,h7,h8 B MEEY B LI FEERILNBMIBEBRO M EEPE—1~2 XA, W HBERNEPE—3
~—1RALEAT 3ITBHATASAER. @8 X-Z 8RB @E )OTUER, E XM EEUFZEMBRERETE
—2~—1K[E, EHBEHEFE—1~1 KB, Z M EENFEELLIBERR b S BHEPE—2~0 XA, Tl Fn 55
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