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M 5 0 X 38 T2 31 5F ( Stipa breviflora)
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FEE AL 3 (Stipa breviflora ) J& WY vR AR JFUAY, VSRR 2, AEE R EROMERR, ERRHHEKX,
T PHERBE R ER, 5RKET(S. bungeana) /NI (S, klemenzii) FIFE EREHSE (S, krylovi) By RESL FIERE , BATR
M ASIBFIRIRAE N RE 7. BFEEEL 8 ARG F AR AN R, VLR ERBR. T HELH P A, 8
RAPD(Random Amplified Polymorphism DNA, RAPD) 4347, HF AR AT S RBE AR A 200, E B AN G FEYE /K
AR, W SR AR PRI YRR . 45RRW, (1) M 102 £ 10 AL 1Y it i 28 £RAXG|Y, L9 H &
308 4% DNA 7, £k DNA #7151 4%, 45 49.03% FRHE DNAH 45 &%, 5 14.61% . (2)BESHUERIEE, ZAHNAE
5% 49.03% EART FIR 7 AR 18 B K435 (54. 75% ) FIT IR 35 (74. 67% ) 15 2 REME. (3) R PCA 44T F0
UPGMA 326 3 FUR[E 7 #0448 N AR AR N IR RS : R A A B Rl BB 2R EERER ,MA, 5
RN LGV E. (4)% Mantel K750 R IR, HZFE RS 5 b IRBE B A7 76 B EAHEE (r =0.534,P <0.05) . (5) Pearson £
XANRA, ERENE T AES=10CHE . TR EMELS KR Z BT B EM L,

KEIR TR AR RAPD 1 2184
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Abstract; Stipa breviflora is a desert steppe plant species found widely in central Asia, and is a major forage plant in the
desert steppe region of Inner Mongolia. The desert steppe is dominated by several Stipa species, including S. bungeana, S.
klemenzii and S. krylovii. S. breviflora is adapted to a wide range of environment conditions, and tolerant to extremely tough
climatic and soil conditions. The objective of the study was to estimate the genetic diversity of S. breviflora populations by
studying different S. breviflora populations from 8 geographic locations in the Inner Mongolia steppe. Healthy and rustless
leaves of S. breviflora individuals were sampled randomly at each site for RAPD analysis. Our results showed: (1) 28
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A total of 308 bands were produced, including 151
polymorphic bands, accounting for 49.03% of the total. There were 45 unique loci obtained, accounting for 14.61%. (2)
The genetic diversity of S. breviflora (49.03% ) was lower than that of S. grandis (54.75% ) and S. krylovii (74.67% )

primers were screened from 102 arbitrary primers with 10-bp.

reported earlier by other authors. (3) Eight different geographical populations could be grouped into 2 categories: warm-
PCA and UPGMA

clustering. These 2 groups were mainly characterized by marked differences of thermal factors, corresponding to their spatial

temperate and cold-temperate populations with 3 different methods, i. e. Hierarchical cluster analysis,
distribution boundaries. (4 ) Mantel test showed a significantly positive correlation between genetic distance and
geographical distance (r=0.534,P <0.05). (5) The percentage of unique loci of 8 populations showed no significant
correlations with accumulative temperature above 10°C, aridity and annual mean precipitation, according to Pearson

correlation analysis.
Key Words: Stipa breviflora ; geographic population; RAPD; genetic diversity

BAEST 2 (Stipa breviflora) RAAF( Gramineae) £ 3¢ J& (Stipa L. ) —Fp B4 RA BN EAREY), )BT
WA R BAGRE R R B D M T TR TSR R, BN R R M R R
BERR, MO MEERH 2, ARENFR T RR HLRE FRAR RS BE W B A PIE
LHARET DA AR . AENSEHR G F AT A E B R BT AR, 1 AR i b B L
L3 B3 PO 58 o R R B T B — A PR 11 IR PR AR A RS SR B S R FE R IR
BERX , EMAREHF (S, bungeana) 14 BRHE s BT IR B BHFHEEIRX , B 5/ (S, klemenzii) |
Jutt BT 5 ( Cleistogenes songorica) SF3L[R 5 U8 0 S 5 T 78 o ¥ 1 S 780 B JiR S5 e o 2 DR ) o 3 IR, "B 3 T 1A
STUREF (S, krylovid) LR ERE, W, A F RAR T MAESBEARE KBNS . IERFMK, X
FE—ANTIRRIEE K, R 42 AR A B A O, R R M R AR P R e e R R
EXHABE,

KFEASF, ABT KRBT, B R Z, o= e ste \%Eﬁﬁﬁ”'” SRR %

A Faesh A BRI A RBIRRES [ = i{%ﬁ /////
#YE, RATEYEFEN S ARGEFMERS | A % A /
FHRGIRT TR R LT R . /////
BB SRHEN DI AR AL ATBE (< \\‘; e Y /
PIERETHIRIK 8 R B AES F X R | %} ok

7+ RAPD ( Random Amplified Polymorphism DNA, \\\\ ::: L s 57
RAPD) 51 FAREHA ™ IR RIS |7

feRert, il E AR ARG RHS | )

B FUAMEAE S AT B E E

1 HESHEE

1.1 Sk ~— 0 100 200 km

RIBYRARE , F 2006 £ 6 HE 7 AEKRE
107.34° ~113.33° b4 39.24° ~42. 48° i —H RIGBE
P9, YRR 8 AN HLAVRE M (TR 1,32 1) , MR MR R &
R RSB EAEF 20 ~30 BORBREEEYE
T B KM AR AR b 4 AR ST 3 AR A0 BT BURE 5y
BEAT T2 ) , AR (R I HEAT Hosk T4 1 52, 4 B 5
BETF -20CREEA,

oy LY B D Moderate-temperate typical steppe
PR MR RR Moderate-temperate desert steppe
- R PEBLAI R Warm-temperate typical steppe
[ iR i R R Warm-temperate desert steppe
FERALFEEL Steppe desert

4 fEHE Observation site

Bl RamE

Fig. 1 The distribution of observation sites
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£1 FHR
Table 1 The description of observation sites
FRHRR oo
AR BRAE &4 4% (m) (mm) - e .
Location Population code Longitude & latitude Altitude Annual mean Accumulative HHEEE Soil
. temperature
precipitation
WEARRIEER 1 111. 13°E,39.80°N 1129 387.3 3225.7 HH 1 loess soil
TR E=Jt¢m 2 107.34°E,39.24°N 1289 264.7 3173.9 WAES5 1 light brown soil
BHEEARTHF 3 107.98°E,39.26°N 1482 264.7 3173.9 HEL
BREEE o ° i
A 4 110. 12°E,41.92°N 1426 260.9 2502.4 #7451 brown soil
RRIEE R)h 5 110.37°E,41. 73°N 1388 260.9 2502.4 #7451 brown soil
ERIEAES 6 111. 02°E,41.37°N 1682 260.9 2502.4 REESE T light chestnut soil
PAM AR 7 113.33°E,42.48°N 1160 217.2 2700.1 REESE T light chestnut soil
B hERA 33E A2, - .
[ipiy - . . . )
B HE A 8 113.25°E,42.47°N 1175 183.0 2837.0 #7451 light brown soil
g RS YR E RAE
Location Population code  Type and characteristics of plant community
R R ] 1 B + RIS (8. breviflora + S. bungeana) . 2345 THIE MY, TEMHEMA XL BEET
- ( Lespedeza davurica) (4 i ( Polygala tenuifolia) B ARMRAIR B BE (Astragalus melilotoides ) %%
W ER=ALE 5 LSS + /N (S. breviflora + S. klemenzii) (LT3, EEY , TEAEF P43 JL( Caragana
- Stenophylle) METBTFE ., BHLHFFENHRESM, B ERUMEFERE

LSS + TEBRTE(S. breviflora + C. ongorica) : LT 323, HIRBY , B A A, B4 58 L, X
AR 3 BER 14 (Asparagus gobicus) 2 LB Lo
BREEE 4 LSS + N (S. breviflora + S. klemenzii) LTS T 88, FRA /NG, A IRBFIA, TE ML
MAFHR MALERTE
TR 5 SEAAE + REBT R (S, breoflora + C. ongorica) -T2 5 T3, REHED HRBAA, EHH

A UKE (Agropyron cristatum) Y& & (Artemisia frigida) %

TEEREHSE + AR (S. krylovii + S. breviflora) AU TR ELHER, R BN, B BHBURS, FEHLEM
BRELES 6 oA (Alium polyrhizum) \ Tt B T HE BB T X (C. squarrosa) 2 B %, R H K 3K ( Nostoc

commune )
TIEN TEIREHSE + EAEHF (S, krylovii + S. breviflora) (U T R T BN, WREBEY , EEBRZHZIREH

UV 7 A, T, R MAE 5 (Leymus chinensis) KB & B ( Carex horshinskyi) & , I FA A /DI G

BEwAR ;

JL(C. microphylla) 5345
[ipiy - N + EAESH (S, klemendii + S. bresiflora) LTS T HER N, WRBY LAV B/PMEA, HK

BHERA 8 WA, S AN BENEERTE

= SARETRREHPTAL SR UG B 1977 PRS2 2005 4F 292 $0IRF3ME ; TR BURIBAR S AIG X 1:100 J7 LR B E KA Climatic

factor values are the average from 1977 to 2005 on meteorological stations adjacent to sampled sites; Soil type is extracted from Soil Type Map of Inner
Mongolia (1:1000000)

1.2 SEWJ5ik

MEAFPREERE B TRACFRR) 20 ~30 BRAZEST FHE M P REDLIE I 20 BRAEAES 2 , B HH A SRR S,
AT 8 MNMEALLT A, RAILRE KRR A UM SE R A RE - HAE YRR 4 DNA $2EUAN &, 775525 8 4
Fe i) DNA, FIFSSME06E T, 2 AIFE SR 260nm & 280nm 4-75 2 B EE BN 4H DNA 9 OD {H, LLAIMT
ook AL ™ ARG 0. 8% FOBEAR BRI HEAT L IK , B R $RBUEL N4 DNA iR/ R —3ctk , 85 , WS
50ng/ ul,

L4452 8 , PCR 338 MR & 5 25 pl: 1l B4R (50ng) ;1. 5ul MgCl, (25nmmol/L) ;2. 5pl PCR10 x buffer
(T M) 2l ANTPs (2. 5mmol/L) ;1pl 5|4#J(10pmol/L) ;0. 4pl Taq DNA A (2. 5U/pl) 1 16. 6pl JTHE
XFEK o RN AL 4 87 FR A R4 7 i) Biometra T1 PCR Y b #E4T, ¥ AP 4 : 94°C HZEH: 4min,
94°C AR 405,37 °C E 1 1min,72°C ZEH 1. S5min, % 40 MEI , )5 72°CIRIR 10min, PIILRRBELRIEE
FRAF] A7) DNA MarkerlIl g% 8, 73 7412 1. 5% BRARMEBERE v UKk 43 B8 JE 7 S AN AN B MBS IR IR
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&t
4k
=

1.3 ¥dEabs

(1) RAPD 2y BAEFRIC, BEHLY 3 5 B LA 1) f1 0(JE) &R, A Quantity one BERE 2 HT KM B 3141t
43 F 84 400 ~2000bp HyZR7H 153 U BB,

(2) %24 B2 (Hierarchical cluster analysis) . EREWMHREESE T EPH—KP  GHEFSETEH S
BB ITEEARERMEMERE, FTEXNEE N MEARNEGETTE PP Z BRI AL R L, 50 H N x N A
RYUERE, FIFRKCEEES , RBUEEAR A AR, SR @A AR I . 38 — EBUE M RBR AT B
ARSI SR B 4Pk ( Nearest-neighbour) . BIESBTEAR B T A A EMZRR  FEA R KEEE R/, A
VA2 MR RA HEASH(F 2 MER) P EEE R AN ER &/, ARG ZHERE IR ZAH ;W
HE5HMAIFBORT 2 M PHEESIER 2 MR ER &/,

BRI FEE R : A N MR R BB EREST R —RE I, A EREN— X
fro BIFERRA N-1 MER(T 1AL HEN-1) x (N -1) WAHPUER, & IHFSMHBIE 2 M
(), %R H% N -2 MR BREFERFN TE, BRI IA ARSI, B B EEHR,

AR SPSS11. 07 Gedt ki Xt — TUHR AR M EAT BRAAMT , HES R AIRERE R

[FIRY, % TCHIRAERE 2 NTSYS-pe #f™) 3k45 Jaccard FfL) 2 4 ( Similaritv, S) ™ 4B 5 , HEATIE AL
St 4 BEF-{E B 2 (Unweighted Pair-Group Method with Arithmetic mean, UPGMA ) 7347,

g, B E ALY i Canoco for windows 4. 5 #4347 3 43437 ( Principal Component Analysis ,
PCA),

(3) A GPS FREUK IR 22 45 B A A , B I AL A A BB B AR AR R G R B 4510 B B4R , IR
B R B AR, RIGTE ArcMap | Point Distance fir4-3K15 i BEE B4R [ . M) i BB
B4R 5 H Jaccard HfRL R U™ B3 f£ B B8 ( Genetic Distance, D =1 - S) AEME 4T Mantel 36", KBt
FEES S MR B A R BB

() G SN FPEE R FE R4, (18 SPSS11. 0
H1 [ Pearson #3047 TR, 115 8 AR R EIEE
FREEMABIRSEREFZRIMMEERR,

2 ZR5H5%H
2.1 GHHFHRBHENEIT

Xof b ¥gAE ) AR 22 B] ( Sangon ) 2£ 77 1) 102 4% 10 B8
FMBENLE | P17 IR 1, 5 28 & (3R 2) RBBY
THW FRE AR A G YIHETT RAPD 33, 3E47 3% 1
308 4574 , FHEAS Y 11.0 &4, KE £+
1 400 ~2000bp 2 J8] (28 £ 3| 1 19 S03 3| 474 HI2 RAPD BIER(S03)
LRI 2) . 76308 A F 151 £ B HAH Fig. 2 The RAPD electrophoretogram of primer S03
EHEABIYY I S.4 K, EBHEMAEEFERN49.03%,

=2 BEAYEUHRSRET
Table 2 The code and sequence of 28 primers

54 527 54 527 54 52 54 527

Primer Sequence Primer Sequence Primer Sequence Primer Sequence
S02 TGATCCCTGG 46 ACCTGAACGG S157 CTACTGCCGT S446 CCACGGGAAG
S03 CATCCCCCTG S52 CACCGTATCC S318 GACTAGGTGG S447 CAGCACTGAC
S19 ACCCCCGAAG S126 GGGAATTCGG S320 CCCAGCTAGA $449 TCCCACGCAA
S27 GAAACGGGTG S131 TTGGTACCCC S441 GGCACGTAAG 450 TCAGAGCGCC
S30 GTGATCGCAG S133 GGCTGCAGAA S442 ACGTAGCGTC 453 GTCAGAGTCC
S32 TCGGCGATAG S139 CCTCTAGACC $443 CTGTTGCTAC $458 CTCGCTATCC
S44 TCTGGTGAGG S148 TCACCACGGT S444 AAGTCCGCTC S460 ACACACGCTG

hitp : //www. ecologica. cn
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2.2 JHALSHFFRER L — SR AR A

{85/ NTSYS-pe BT HAG 2 8 NFIHEH) Jaccar ML RBULIBGHRAEIE(K 3) o AFMBFRERIE
BEBM 0.316 2 0. 582 A4, FHRALHE Ry 0. 460, F7F 2 1 6 B AR B, Fifte 4 A1 5 B EBE B A
/No I UPGMA 353Xt Jaccard AR RELHEAT IR, RIG A RAFRERIBNRE R R (B 3)  SFSFHRRNLER
(B 4) Y5 o 8 AR IR R R R 2 g R OB RS BRI AE 1.2.3 AR M RIFPEE 4.5.6.
7.8, A REF KK ZFA T RIBHICRE R EFRE 2 713 SERAE—E, BT B IR M MR & R
FERE 1 Oy —3K; BE RED AT P RATTEE R 4 T 5 AR —E )5 A4 T o IR 1 L2 5 S p)
HoAR,7.8 HATHREAMERKALZIFRN K, 48H 1 AR, RRERNE=RM S HE—

B,
£3 Jaccard AR (AL LY) REEFEB(IALT )
Table 3 Jaccard’s similarity coefficients (above diagonal) and genetic distances (below diagonal )
Fp#% Population 1 2 3 4 5 6 7 8
1 ® % % % 0.634 0.566 0.555 0.535 0.484 0.587 0.451
2 0.366 * % % % 0.640 0.504 0.461 0.418 0.541 0.440
3 0.434 0.360 ® ok ok ® 0.579 0.577 0.441 0.543 0.441
4 0.445 0.496 0.421 * % w % 0.684 0.608 0.595 0.507
5 0.465 0.539 0.423 0.316 * % % % 0.578 0.630 0.477
6 0.516 0.582 0.559 0.392 0.422 * % % % 0.571 0.436
7 0.413 0.459 0.457 0.405 0.370 0.429 * % % % 0.645
8 0.549 0.560 0.559 0.493 0.523 0.564 0.355 * % % %
1 4% Class
0 5 10 15 20 25
2 T T T T T T
—_ 4
m ,— 4 5 J
L 5 6
6 7
7 8————J
4 2
0.50 0.55 0.60 0.65 0.70 3
AL R $L Similarity coefficient 1
B3 Jaccard AR 4L UPGMA JR3% B4 RAPD —Su¥iESEREISRIRA
Fig. 3 The diagram of UPGMA cluster according to Jaccard’ s Fig. 4 The diagram of Hierarchical cluster analysis with RAPD data

similarity coefficients

[, BT RN SRR EST T ERS (B S, R 4). RN ESREEFTEFERK 4.7% ,8

AR B APRR R R B T K= B 0, X -5 AT SRR 4 R R — B

F4 TEHAEAEST
Table 4 The statistics of PCA

HEFP Rl Axes 1 2 3

JEMEMR Eigenvalue 0.236 0.211 0.147 0.122
#7% 2t Cumulative percentage variance 23.6 4.7 59.5 71.7
BEIFAEAR Sum of all eigenvalues 1.000

hitp : //www. ecologica. cn
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2.3 EEAT FRI R AGEE B S5 B B A S M AT 10 —

XF S MAFEMBEMEHNRR FFEREHEN
SR A KB G B B AR PR A B B AR (3R 5)
BEATT Mantel 538, 7F 3000 R BE#PH 14 KEH Z
B, H B ZE MR r=0.534 > 0.374 =
ro.0s, P <0.05, T L, —F 2 [a BA 8 EH XM,
2.4 FBRUEMEBEIRES[BEEFZIEXR

8 MNMEEAT F AR B Fp B AL 45 e R AL
B, BRI 14.61% , B MR B R RS B 4 is
F K6, [ Pearson HRSITIHTE 8 NAFEFPEE %
WHFRREMAERS[EEFIENHEEXR, !
SRR, R AR ARSI ARR =10C 10 : o
TR T8 B AR oK B3 0 B A Rtk H1E Y Component |
3 LiRSHi El5 RAPD SHHURNERIHA

(1) ATRBF 5T B A5 BEA 20 A~ SRR IR A, FTfs Fig. 5 The diagram of PCA with RAPD polymorphism data
RAPD ZHRE—NMEME R, HRERMHAEE
WITAERD, BRI RS TATH D FER R PR B 3845 2 1 T 5 R I8 TG 0 7 2 1 13
& 2 AT AR S AR L SRk

£5 BEEEGHALKLEY)SHEES(IAKT )
Table 5 Genetic distances ( above diagonal) and geographic distances ( below diagonal)

Oy

#2F 43 Component 2
(%)

Fp#% Population 1 2 3 4 5 6 7 8
1 EEE T 0.366 0.434 0.445 0.465 0.516 0.413 0.549
2 276.54 ol ok 0.360 0.496 0.539 0.582 0.459 0.560
3 331.35 55.46 R 0.421 0.423 0.559 0.457 0.559
4 254.83 346.76 380.42 R 0.316 0.392 0.405 0.493
5 227.50 340.57 377.76 30.20 ®k ok % 0.422 0.370 0.523
6 178.75 348.49 392.51 97.01 67.16 LT 0.429 0.564
7 353.95 575.13 620.23 271.93 258.49 227.84 ®k ok % 0.355
8 349.87 569.50 614.44 265.51 252.15 221.99 6.45 ®k ok %

F6 BRECSEIESHXSKRETF

Table 6 The percentage of unique loci and corresponding climatic factors

RS FMAMREIER(%) =10CHiE THRE P HEKE
Population code Percentage of unique loci Accumulative temperature Aridity Annual mean precipitation
1 2.575107 3225.7 1.4938 387.3
2 2. 880658 3173.9 2.0239 264.7
3 2.564103 3173.9 2.0239 264.7
4 1.321586 2502.4 1.7218 260.9
5 2.155172 2502.4 1.7218 260.9
6 2.714932 2502.4 1.7218 260.9
7 1.785714 2700.1 2.3868 217.2
8 3.720930 2837.0 2.9323 183.0

AE—BBIE ERTIRE AT, SEECRRE 1 B9 20 MR EHRAFGEST TRE. S5REAH, EH
28 ARG WP 15 K5I WHATIRICRIESC R (15 &5 974 # S02 BIEL5R LA 6) ,20 4~ HigIby 38 i

hitp : //www. ecologica. cn
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162 2747, BB AR Y38 Y 153 AR7HF , BRI H BOAL R 20 300 94. 44% o BRI B AR R R AR PIRE
B — BRI SRR B R B AR, oF P AR I 98. 04% 5 55 — 262t BRAR AR MGE LB M B 4837
I AR 1.96% o 3X 5 Michelmore™ Rt & %™ ML R — B, LRI E T 58 H X RAE(E 2
KB 6 i 0 Shedh) , DLEHR b T2 SR ATE R RITIE, B R R IRE

12 13 14 15 16 17 18 19 20 M
b | 3000

w -
1200

800

1 500

Bl 6 RAPD HLIIKZER(S02)
Fig. 6 The RAPD electrophoretogram of primer S02

(2) AT 8 AR BB BN E AR N 49. 03% , SRR FE™  BRTHE
JES RO AE I RETE T (54.75% ) ML REFF1 (74.67% ) M 2B, FHFEHE, —FH, 4 %8
YA SR S KR FHEIME, KSR, SR RE, A HEEME AR . ERAFHOHX
B BH R F MR FNEENA RN T R, AR GRS  RE AN/ 5 — 7, B4
AL S R R R, BB DL E A LA B R T A A R R, R
AR F R E B

(3) BFA R B RIAHF — SR, 8 AR R 0 2 2K, =R HEYE, —RATH
W A& LA, 53— RN FRHINLARIL, BT IR, & T b me K iiz R, e — R E L
B T B AL R RN, A T — R E . 75—, Mantel 1302 B, 1814 1 B 5 30 BB B B A
K (7 >7o05) X G EBFFTEEWAM ™ T BEHASEAB ST IR BRI B IR O, A5 & AL T3 MU 2
211 L )

(4) BEEFATHE T R F R R FR UM A B0 RE5ESETZEEXR, PR A
BARSTRERSZF TR, KM U N, TR R AL ST R SHB TSN =10C
R TR FE K BT R E RN . RRRERMIZRRSESHE T IR R G, 28 2R
RWPEHE T EH ZEMABEMIT. A TREEERE 3 MRFER AR T 2R 7E 2.50 DLk 4T
PR RE S MRRHNRR LA E S REREE, BRI 6.8 S, HE 3 MR M S E 2 RE
2.0 £H . BT 6.8 FEHIE IR A A B, AEAR R X P M R AR AREMARE A EAE
HFESHAERAFOMHEXR  FEBRMAELERS" T4, BT TR X F R L S SRR 6
8 AR MR RO S E R, iR B — PRI SORIE S
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