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PRIMARY STUDIES ON MOLECULAR ECOLOGY OF
Caragana spp. POPULATIONS DISTRIBUTED OVER
MAOWUSU SANDY GRASSLAND :FROM RAPD DATA
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Abstract To reveal the relationship between molecular variation,gene flow and the habi-
tats  RAPD markers were used to study the molecular ecology of Caragana spp. popula-
tions in Maowusu sandy grassland. Estimated by Shannon phenotypic diversity index from
RAPD data.it was found that 82. 4% of molecular variation existed within the populations
while 17. 6% of which among populations. The genetic different coefficient and genetic dis-
tance between populations of C. korshinskii and of C. intermediu were small that gene flow
between two species was confirmed. In the terms of the proportion of polymorphic loct and

genetic diversity of populations.the population of hard ridge (PHR tand that on hard ridge
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with sand-covered (PHRS )had the lowest level s while the population on lowland with sand-
covered (PLSYhad the highest level. Freguecies of some amplified fragments regularly var-
ied among populations especially between PHR ,PHRS and PLS,which might have special
sense in ecology .most likely .resulted from random fixation of neutral mutation. It could he
concluded that;1)Shannon phenotypic diversity index was useful in statistics of RAPD da-
ta for outbreeding plants .compared with Nei's index. 2)Strong gene flows existed among
Curagana spp. populations in Maowusu sandy grassland. The hybrid zone was consistent

with the ecotone.

Key words hybrid zone,ecotone, RAPD markers .molecular ecology .gene flow.Shannon

index.Nei index .Caragana spp. populations.
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ERAPD il EA T BT EEEWHER -V RAPD HiCES TEESPUN AT EHETENE
g bR -RAARRZE.A-BAM AR EES B RE i R TR B g 2 RS T
BEFTR.UEXESTERSHESREEFI MYHAN S,

ELELBEEA SR AR LS EHE AT RN R R WA B T R
EEERHTFEA SN R. T LA D 3 KM &R R 4R M I (Caragana microphyiia VEIFF
BB LIC. korshinshit VPP T ES TR F LT E S E NS BAMNEE RS &S
AEFOXE EETAEATETFENIEEU R A BELS FER 5SS EHE X R LT H RAPD
FIRHENR T ESREHITREEA S TEESPHILE.

1 BHEfE®
11 EAERE

B PR X TEBE R B ¥l M S MY e 25 v B A B T . 5 BR B R 7R ¥ - (population on sand dune . PSD. %5
7). g M ¥ (population on lowland with sand-covered.PLS,. %5 2) . W2 W ¥ (population on hard ridge
with sand-covered PHRS. 5 4-1) . # § (population en hard ridge .PHR ,#§ -5 4-2 ) {1 ik 32 ¥ #1: (population
on soft ridge with sand-covered PSR, &S S MU EM FH TR ERELRH TS, EFITEEHIFLR
HEFRMNEEER R T X PR T R ILC borshinsk YW N THIM (B RTEE,
population of C. gorshinski ,PCK R E6-2ME R R EMKEESHEN ST ET TERRMEE. B FT&
CERUT YR TR R &R R LA BRI S R BN SR AT REBHANE T Y,
SRR FEVUECRE, B RS ~ 138 R BHH, -0 CEERA.

1.2 HPHH DNA BE

£ Doyle & Doyle PRI HT DNA, S8 A & 50mg 55 .5 DNA lpg EH.FF 20T K
mER.

1.3 Ry #HsYy

FEHLT ¥R R Operon A EFHHPEP HA D AREREBRET M HN T B RSBk
HFEH DNA B ITREYLE .

1.4 FPLY

&% Williams 109 77 ¥, 30 N B05) . R 18 b, FEHLY 1 2 K Y HE 09 6 4k B 250l 48 100mM
Tris-HCl(pH 8. 3),50mM KCl, 1. 5mM MgCl,,0. 001 % (w/v ) HH B 100uM JATP.dCTP.JGTF.dTTP.
D 2pM 51¥1, 25ng ZAT I DNALL SELE Y Tog DNA 5 & 85 . 8 ST MNT0 4 903 17 04 F B
Hdn .94 C Irrlun.SS‘C lmin.72C 2mun,
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.61 EHEEEE EHEUALEFREEHANERSUERANETRFETO. 9L SRS H#E,
BT — 1~ RAPD £ 5 E H W - F4 2 E , A Kongkiatngam Z# 716 RAPD 4 & Ei B Rk
ST RAWE 45 F Shannon 5T Net H W EFE AN RICEN SR,
1. 6.2 Shannoo {5 B EHEHEY
H=— EPJDg,P,

b FUFEESE H T SEFEEKFHEHEE RN THEEE L MBNEREH,) .
1.6.3 Nei B#t fF4mibiil SHEMNERZEENE H)  EFBENER ZHEHOMBHER EH L &
PECDer) BRI B E A B Y Cor=Dsr/Hr BRI # FHE & . D= —loge I 8 D= —InJ. l"
EL i 8 R oAk, -
: HREHWH
2.1 {FAME RAPD ¥ S0t o0
LB H IS EFF MR T.HES TIPS RAPD i ETHREFT. A ERP
RAPD {7104 W0 BE (08 1% B R0 7] Sk F0 0] (3 . 2Pl T 50390 7 & & BF & RAPD 2 S ¥ 5
A E, EP itk M T W M E.2kb U EFHES B AHERTRN &G T EHR
B LR EREREBRRE IR LA EIN. ST ES T AP M BIs4 MK Hp
53T RESN, EMESMS HLE R OM. BEREEGE T FIPRNEME SN SHER . 7960,
R ERNABEHE RIS R0 91430, 9137) TR MM EEM S L EHT EREIRF L.
HEERGE<IENE<ERNIRE<ERFBE <MW RSP,
BTH—FHRTERENEBAANTERUEXES TER MM, LV Shannon 5500
Nei 938 &4 B B0 0G 8 T BRI B15 2+,
2.1-1 Shannon EHMEHFE HIEHKIHHER.E #F1 IR P RAEREENG IS FF
PREANHEETHEERE6.112.5%3) . MBW  Table 1 Sequences of five arbitrary primers
HHERT QL TORWMIFHEAMT . R {Operon ! used 1o generale RAPI}Y markers in Carae-
<HRWIWRE W ERE <RI BE<E  gana spp.
S5 B < b 0 B 6L 2 BE R 0 BE [ P— .
6 X FEHAT & b4 B W82, 4% HI1T. 620 (3,

OPH"M4 5 -GGAAGTCGCC-37
B 16T KBRS AR T BRI Z AN B SIS Pt o ACTEG OO
Kt LA, 3560 1% T 1 A8 T BRI,
212 Nei BB IEHHLISE0 T3 00 e oPe PEAATCOOCCA
S, B Nei Bt 15 5 L35 80P B8 % 0F (40 DPHLS FETGAtLAGEEY
FRR. 6 Nei SEHEFHHMRWA LR 5 OFD20 5 ACCCGGTCAC

B (RD EREE R0, 253) MR E D BER S 0. 26D s I AR REA G LR S RN
R I T R A< RW A< RPN < £ HIE<RBW I EEE.

S Nei 85380 S a6 M7 R B0 AT 008 1% 5L RS0 0403 B E B o TEF A BHE SH 2
B E M 4. 03% KSR BE TR 95 97O FE T HEZMORD  RSR6M T RIE B LS
BB, A B B S EE R 0. 053450, 0040 R B T R0 0707 £ 0. 0107 FE R W A M B Ik S

A BHSE. 1006, B BT R BRI IS SR RAPD BUCPIE M L EWM SRS AR B EeEH Y
FRMRPSHEFHTT S CRESR).
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3 T 1 B e (] ) 8 5 BE B BE AL 4 W) 0. 077870 0781,

2.2 EBKRAPD FHRIEHEM T
F2 E3HENEERFESHEANERGEINERERS SIEMHLE)
Table 2 Polymorphic loci detected with five primers for six populations of

Caragara spp. (proportion of pelymeorphic loc1)

45 EREE HEMNE HREVEE ERNSEE FRER MO HEE SREEEE
Primer PCK PSD PSR PHRS PHR PLS Total loci
OPHO4 2410, 023> 22(0.88) 2400, 923 2400, 9231 2210, B46 2540, 962 28(1. 0»
OPHO5 270, 9) 27200, 0 2610, BIT) 2210.9) 2300, 821) 2640, 867) 29(0. 967
OPH18 28(0. $33)  23(0.885)  2410.923)  26¢0.029,  24(0.828)  29¢0.835)  31(1.0J
OPH19 240, 7745 24(0.828) A0, 938 2400.85) 1900, 7047 26(0. 925) J4¢1. Q)
OPD20 2640,929r  23(0.820)  2440.889)  23(0.821)  2140.778)  21€0.8751  AI(L G
b AT o

Total loct o0 89)  119¢0.862)  128€0.9141  124(0.886) 109(0.796) 12700.5137) 153¢0 994)
(EEAEAr ) ' ) B . ’ )

A thE

F3 [ Shannon fERERMG T HEESRENEES BN
Table 3 Genetic diversity for Garagane spp. populations estimated by Shannon diversity index

3145 Primer OPHt4  OPHO5  OPH1g  OPH19  OPD20 ¥4 Mean
E# K PCK 16.503 18,971 16146 14.822  17.522  17. 393
¥R PSD 14.088  19.195  15.252  17.875  16.39%  16.760
TR RS PSR 16.802 18, 387 15.255  17.8385  18.635  17.349
iF R W PHRS 13. 735 18. 094 15. 743 17. 685 16. D48 16. 358
Rk PHR 14.540  17.413  17.591 16,684  14.326  16.112
W WA REE PLS 17. 976 18.123 1%. 397 16. 844 16. 010 17. 871
BRI 15 B B How 15. BRS 18. 387 17.285  16.844  16.5%0  16. 855
BRI R M, 18. 281 20. 267 20.628 23. 073 21. 087 20. 655
RN EE R Hwp/ Hep 0. 856 0. 907 0. 638 0. 730 0. 787 0. B24
PR (M IE B B L3 (H - H o ) A H 0. 144 0. 093 0. 162 0. 270 0.213 o176

*4 BN BHENNBENHERS B
Table 4 Gene diversity for six populations of Caragana spp. estimated by Nei's index

3| ¥ Primer OPHo4  OPH05  OPH18  OPH19  OPD2o 3 Mean
E4&BEEPCK 0. 254 0.283 0. 281 0. 194 0. 262 0. 257

¥ o B 4K PSD 0. 220 0. 268 0. 238 0. 239 0. 242 0, 246
FORN R PSR 0. 273 0.274 0. 216 0. 239 0. 277 0. 256
WM 3% PHRS 0. 208 0. 268 . 223 0. 237 0. 243 0. 236
IERFEE PHR 0. 229 0. 255 0. 252 0. 224 0. 203 0.233
W R ER DK PLS 0. 292 n. 272 U. 281 0.224 0. 241 0. 262
BN EE . Hs Q. 247 0. 275 0. 244 0, 225 0. 246 0. 248
EMEHE M Hr Q. 238 0. 303 0. 257 @. 307 0. 309 0. 301
B (e] 3 & B Dy 0. 0415 0. 0283 0.0475  Q0.0Bl¢ 0. 0629 0. 0524
] E L R Gert £SEY 0. 0322 0. 0217 0.0336 0. 0527 0, 0481 0. 040310, 0157
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Table 5 Mairix based on genetic distance for six Caragara spp. populations

PCK PSD PSR PHRS PHR PLS .
EHPFIEPCK 0
¥ B ROOPSD) 0. 0628 o
WY (PSR) 0. OBAL 0. DB77 a
R W ¥ EEEE ( PHRS) 0. 0762 0. 0798 0. 0571 0
PR PHR)Y 00631 0. G617 0. 0747 0. D849 0
MW PLS) 0, O7UE 0. GEST 0. 0534 0. D7ES 0. D781 0

EOLpREBX. EREH e oMHEESRAAFTNT MTELEFENSILSPEINA
RAFD i#f - -BE{ QM ETNENE BLZEAERERNT B E
SR A EAMHETTEM. X6 Table 6 The applification fragments shared among six Cara-
T ABEMN RAPD i 2 M HF HH  gora. spp. populations and the fragments differed between C. kor-
BRI 5 B R FEAT R EE38 ILBE & skinskii population and C. intermidia population

M E R LB R MEEERMT EEmT AR BERMTME B
WHEBGEs) FEPmE s L EEEE Shared fragments Differed fragments
A, H S EwERNERsRE OPHrs OPD20 OPHu4 OPHO4 OPH1%

220 2027 caroo 21940 525 465
RSB LBEE LD 1.0 1.0 0,490 0.17 0. 25

AR B ERE R —ER
M, ERyEREHRFOHEL
B, KREDE, La R, TR

FoK R (> 10m ) TR vh o g P EEERS 1.0 Lo 1.0 .27 0, 09 15 00
SWH SRR W EEE kK % KRR 1.0 Lo 1.6 0.5 0 0
HEHTHESER NRMERERIE EREa& Lo 09z Lu o BI7 0 0

BEARMN TR EAY BT RIS spepn. 1.0 1.0 1.0 0,33 0 0

6. 5m) MO EERERMY MOE pymoipg- 10 10 o092 0.3 0 0
@ﬂ“%ﬂfﬁﬁﬂiﬂﬁb%moﬂiﬁ_?k ‘1 PCK. 2 Propulations of . intermedia . G PSD, (1 PSR, 5; PHRS, 6!
R~ KRR

FTHREMERNEGSRUW S 2 EHF

EKMEMAZR T B Lo i - 38 LB R [ 6 M8 e K BRI TR RAPD &
T AR 7E 51 o B4R A8 L BE R ] A9 HLER R GRS AT T 7GR R B R R R B R S MR WO B R
Al &M R BERD.

. BT FRARBRPESSPEIBILEFEINEL

Table 7 Frequencies of special fragments varying among C. infermidia populations

OPHv4 OPHO5 OPH1Y QP20
CB7N0 Cl240 Cam CETO 350 C330 C3z0 C280
FEHL M AR PLS 0. 38 0 0. 08 0 0. 42 0 0 0,17
¥ R # % PSD v. T3 o1 < 0.09 4] 0. 73 ] .18 0.9
R Wyl ik PSR o7 0.1 ol no1 U6 D U, 4 . 8
32 #L3F & PHRS 0. B3 0. 33 n. 23 2, 09 n. 82 u. 25 0. 42 0. 75
B & PHR 1.0 o2z 0. 44 U, 44 1.0 0 11 0. 67 1.0

WRIMUEL AWM HFRETIFEFETHESMEVHED HTETERAOE R WA D @
OPD20-C320, R EETEFAE R & FE oW OPD20-C320f1 OPHO4-Cl240 FT P18 K B i M TR 2
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R SFE AR, i OPD20-C280fE MM MM BT o R AR Ho. 17 AR RBEE T HEY
BEMKTO. 75 £ EEFRIFEPEIN. 0,

it i _

31 HTHEMNETEETEEREN, 5L RAPD Fh — &0 MR A FERE 5> fHXm
HRERASHEEASN EEHEM AN RSN RN ESE BN ERFREH ERE.GXFAEE
3 FOy B e ) o) BB . A< 3 HAE AR 38 Kongkiangam U8 rik fE B B E A M3 2 R %80 Nei f550H1
Shannon 1§ ¥ (B 89 F & & B GR00 18 1% £ FE4E 09 RN IR I HE ] L 35 L oln o 19 1 95 6 £ 0 o 3 ) B 1y
BMEETERATHR—FM.EREA Nei SR EEABKUELR S ZHEIE L 4. 03% &4, 55 Shannon 1
7.6 HERL . ZBREN Net FHHMITEFECBNE . BES( EF M H3, 7 Shannon
BRAET BRI Shannon T B WS N R R Z AW EL BAERALGTERA RS
MEHFE LT E—EEF LBART W RAPDF RS B RyAEMiHE BF L N FR e, v A
Shannon {§ ERHGH BT L HERTITH.

3.2 Xk Nei fi#if 2 Shannon SE¥ M RAPD HEENE R HEFE ABM G TERETF T &8
EZH.ARPEMGTFEREATHEREZ NG MED,EHCTEBEE - T RARHEUMEEEE,
WERAY MRS ABFEAFHUNEFER. A R EHE N S HEMNEERE T FRIEEA X
B2 AR LR R AR A AN AERLIIERE N AERKPEWHIE . RS RMME
st R — B EN . ERNKSMERR RS M S IR E A ERY TR
P AEEEF M FEANAR VLU EA THAMASEA R B4 H R,

ME R REEE L RRE FEARELMTEREILESRE LAV ERM . HEST &
TS ILB & (PCK) 5 ] 48 79 1L &5 1 B0 o) it 1% B B A 9 20, 0762, Bt/ Y RAG0. 0628, |5 & LRl
W ILBREAREEREMED. AN FEEDILBESPMABILHEZ ARG S LAY
0. 0287 T A, BB EA S, BB A TFe T Bk Ay & % 5 L R¥ 0. 04030 IR E S X L E A4
AFAFZELFEH@UECNEREAS . AR FREEELTEFDHT FERMOEEISIT.

3.3 TERMTE R LR S0 MR b B O () Y 15 B I R (4 B 0. 078100, UTBR. FS . — R BB
REaTEREREMNELD SREEENEERLBEASHEESBEARE LA ETRIANS TER . &
IR B SR T R R g TR (L (R TR AT T (aHEL A B D i B OPD20-C2R0f 1 MR
PR AP HO. 17, I EHARE P EES T 0. 75, £ IFRBEE D R 1. 0 Lin K B OPDzo-
Cazor MY B R AT E AN RAEREELBETLUEARIUERTE. S WTHEEEET RS
TSR ST, BRI E KRR 5T. & PRI v B (A ) P T3 100X , T 0F SR By P Y 57 32 %55
3 EEERTR . RTERR. A TR TS EE R EE T ERENA TN AR
TRREAMTH. AFARESEERIP Ly MR UNE LR W RN WMk h L R
EHE - MAFLRABE DU EHNETELENE.

3.4 GRANERE D RAPD tRiCK i DNA £ 5 M S KRR FIR79. 6 4 RI88. 6 47%2),
MW B DNA £ B0 LR (91 574 . F 2 (I THRMb BEE M (91, 4 40 TR EM &
WEERAAKRME R . TR Shannon 1M E Nei H55 . FRMHE B BEMNR S FRAUESE N
BEMRE. - RIA SR R MR PR M A Y TR M T L.

3.5 WEN ERRER. AL FESK BT SBEE B EE R TS SN T BENEEY
REAEER.HEBHAIMHEHWHRAE — sTREURTE LN ABRESEEI T ESLES N0
FREU KA R TS SRR . AW - R EFE RN RE R, KR L& RS

FHE] 697 FF R B TR BT B OR 590 B E RO R b i 30 E e B B R .
FRIB% 1596 90 B HR R 4 ¥ 5 Fe vk 09 0F 92 (BEE W6 L 100 E B 2 B Wt 92 B .
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EEFEVBRARHETF FEECOHEEFSLNEEA BTN EXEDFEF EYBEE BB R H
FRAD -FARILBEYEKIRELNYHEIR VS TER. SRR KRR AR ILA
RS ERREE EXFTREN LM PREXHEARER AKX RSN - EHTIER
REFE T SEMKIRE. RN EOFRBEREK ARRRE RS EFE LSS ILEWET T
P LG EREEE BIFEAE XN REMERNE R DS S R (F et i
HIEE & o
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