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Genetic diversity and genetic relationship of Caragana microphylla, Caragana
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Abstract; Caragana microphylla, C. davazamcii and C. korshinskii exhibit a geographical replacement series from east to
west in the Inner Mongolia Plateau. Currently there is still a debate about the taxonomic and genetic relationship among
these 3 species. We studied the genetic diversity and the genetic relationship among these 3 species by analyzing individual
plant DNA samples from within 10 populations with RAPD markers. We identified 678 RAPD loci in total, of which all
were polymorphic ( PPB =100% ). There were 41 unique loci (6.05% ). In general, a trend presented that the genetic
diversity of these species decreases from east to west. Further, the genetic diversity negatively correlated with the local
annual mean temperature significantly. AMOVA showed that the genetic variation among these 3 species was only 6. 08% of
the total genetic variation. Between the species, the genetic variation was insignificant (P =0.9961). The proportion of

genetic variation among populations within each species was 11.90% (P <0.001) , and the genetic variation existed mainly
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within the populations ( 82. 02% ). The genetic differentiation within the populations, estimated with Shannon’ s index
(Hpop/Hsp) , was 0.8013; the coefficient of gene differentiation (G,,) was 0.1603; and the N was 2.6192. This thus
indicates that there is relatively high gene flow among these populations which suggests that these 3 species are
crossbreeding. The genetic diversity level and the population distribution pattern showed geographic continuity to some

extent.

Key Words: Caragana microphylla; C. davazamcii; C. korshinskii; RAPD; geographical population; genetic diversity;

genetic relationship

INH-4838 )L ( Caragana microphylla) S R)4EMEJL( C. davazamcii) FIFF 4238 JL(C. korshinskii) ZEN S AT
FRAR EFH KX 2B o SN L. RS LTI R LI A RS L RESTE
FERW ., BEFEEVNENR 3 M WEFEE DR ENIRC B AR, 438 LA RS LI RO,
EEHEE R ENEFR—FRE" . S TEYERMTEARR CER B AR S HE LR
RIETEABN S . DR AFE DNA BHEXTIX 3 FhERXS LA [F] s 38R 3 5] F) 382 % B B 50 — Su i
G AN 3 ARG ILTE B — A SRR MU TR B, (B M 3 P MG LRI RE IR R RREE Y O R 15 78 AR T
FEFAEB BRI SRR, A3k B TR G RIEARBE A B IR /MRS )L, SRS
JUFRE 45878 L 10 ANFPEERS K DNA BE R HE4T T RAPD 4347, BF5E 73X 3 R LR AR RE I 5 &
M R R a5t A, LUBE B O RS EIRARIX 3 M4 LEIRBE R R R
1 HEE5FZE
1.1 RS SHMRE

2003 4£ 7 B2 9 AXAZEERE/NHERXEIL(S ANREE) (SR XEIL(3 SRR FIFT ARG IL(2 A
B , AR ZETEIL 10 MRPEEHAT T HE, SRR S BRI IR 1, EEFEFAER 10 MR (A
PREFE 10m LA b)), BEHRITE M F R 2T 10g, IR ARERE TREE, FRERETERTRFE. A
BET-HIE B RAEHLA 30, 60 cm #1100 em FHE K HIEEKE IHTEH P HESKEGEER D,

1.2 SEWJ5ik

SRFH SDS 3" JRER: 4R B E (9 4 FAE 425K DNA; A RNAase 4l DNA; 7E 45 0. 5% EB [ 0. 7%
BRARIEBE I e TR DNA BACH TOREAR ; 265053600 E T H DNA YR EFLE, -20CREE
1.3 5|9k

AT TR 10 A ERBHRRREYLS | ¥ B X E Operon AH] , £ it B A #EH 18 &34 DNA
R TE W T8 8 ZARMEY AT RN NTIY,

1.4 PCR i

I TSI E DAL R DA 2R, SR S BN 25 ] MBEDLY 3 ik 2R , 4345 : 10 x Buffer
2.5p1,MgCL (25 mmol/L) 2pl, dNTP (10 mmol/L) 0. 5pl, Taq DNA Polymerase (5U/ul) 0.2ul( LA E35%
Sangon AR} 7= ) , Primer(5pmol/L) 1ul( Operon AH]) , WZK/K 16.3pl, #2748 JL Genomic DNA 80ng A4 ,7E
Biometra PCR {¥_F 384T RAPD 3¢, ¥ FRF 5 :94C FAZE {4 4min; 94C 254 40s,36°C 3B K 1min , 72C ZEff
2min 40 MEFF ; B )5 72°C 4§ 10min,

1.5 HIkgiFRiox

PIE=YIHA 1. 6% WBTARFEBER eIk (& 1ul/ml EB) #7708, BLIKZE Wy | x TBE, LA S A= A= 7

i SDO05 g 43-F Bk, Fil SynGene BEEX LR RAIRAY WA W IHHES TR, BESTFERPINERER 1

O HHR BEE, BEWK,E FEEDFES S5 FPFELILIE. 1988,188
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B 3 AR BEAT R YR I T, AT B R BB A3 e SR — L A T R 8 1 R 1 7™ Wit
H 0,

F1 3 FBBILMERAM R BRER
Table1 The environmental data for the sample sites of these 3 Caragana species

RREHA FHART  FHURT sk So
Soil water content (% )
I: gflﬁi HFE (HFEE) Annual Annual mean
pco e Species name Sample site precipitation temperature SEHy
(Location) (mm) (C) 30cm 60cm  100cm Mean
AN )L s
XWM pANidaen Xiwu Banner 340 1.47 4.87  3.04  4.35 4.0
- macropiyia (117.60° E; 44.58° N)
FEE
B4R L bkl
XLM oo Xilinhaote City 281 2.35 3.91  3.95 3.23 3.7
- Tcrophyia (116.07°E; 43.95° N)
P 2L I
AN L "
ABM pANidaen Abaga Banner 245 1.20 4.09  2.90 2.27 3.09
- TcTophyne (114.95°E;44.02°N)
#JE
AN )L BERHIE
SRM C ccronhv] Sunite Right Banner 211 4.93 3.21 2.26 1.74 2.40
- TcTophyne (112.90°E;42.40°N)
q’:ﬁ%ﬁé ){ g Damao Banner 256 4.01 2.41  2.25 1.83  2.16
DMD .. (110.43°E;41.70°N)
C. Davazamcii
THEEAST
ELD ZJ'ED%XEUL . Edianhaote City 142 3.40 2.61  3.46 1.97  2.68
- Lavazamei (111.97°E;43.65°N)
=) A
WCD ZJ'ED%XEUL . Walate Central Banner 199 5.07 1.25 2.42 2.8  2.18
- Lavazamet (108.52°E;41.57°N)
pamml DR
HBK C. horshinshii Hangjin Back Banner 150 5.82 1.36 1.93 3.02 2.10
- dorshinshiL (107. 50°E;41.25°N)
P b3 4 f
ALK FEAEIL Alashan Left Banner 110 7.80 1.98  1.66 1.55 1.73

€. horshinskii (105. 66°E ;38.84°N)

= BOBRH YHSEEPIRME  The data with * were provided by local weather stations

1.6 ot

FEBCRLL 0,1 SERETE SR AVH LA TR 407 o VS A0 40 53 3R (PPB) ; i Popgene 32 # P
B Nei ZEZFERH(A) " Shannon 5 BIEH(D " ZEBEMERB(C,) FIRERIBH(N,) 1 Nei T
TR B ™ s Ff Arlequin 2. 0009 H47 AMOVA 4347, #R4% Nei Jfiit 4 BE BT, R A UPGMA S BEATRIBE R
Ko
2 GRS
2.1 3 Fi4ASJL RAPD I A A5

SN R L R R ARALAIAT AR BR X9 )L 10 AMFHEERGAS R DNA R EEATION 3L 18 3] 678 &%, A
WisrF B4 7E 200 ~2000bp 2 (E 1) 3 AN RA Y B (PPB =100% ; % 2) , X HRIX 3 74

@® Yeh F C, YangR C, Boyle T. Popgene Ver. 1.31. 1999. http://www. ualberta. ca/-fyeh.
® Schneider S, Roessli D, Excoffier L. Arlequin ver. 2. 000 A software for population genetics data analysis. 2000, Genetics and Biometry Laboratory,

University of Geneva, Switzerland.
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BIVENREREAREE R EEENAERRBRE S, FEFIE 4 &, 59 8AH 88
B 6.05% (F£2),

2000 bp
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1200 bp
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— 400bp

200bp

2000 bp
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200bp

B 1 #52 RAPD HLIIKER
Fig.1 Examples of RAPD electrophoretogram

A /NSRS JLFEFE XWM, 51472 OPNI8;B. fR[EI4R G JLF# WCD, 514705 OPNIO;C. ¥4 LA ALK, 314705 OPNI8 A: XWM
population, Primer OPN18;B. WCD population, Primer OPN10;C. ALK population, Primer OPN18

2.2 3 FHARRSLRGE L R

184 3 FPAR IS LR BRER) R ERFRAENE , FH Shannon {5 B HOTIS H MR 6 SRR 10 MHPEE
o, T ELIGHE /N4 A LR EE ABM (13815 SRR BRI (0. 3349) , B4R B HEAT AR B0 S LN HBK f 1% 2%
MER5(0.2162) , L LM F %4 : ABM > SRM > XLM > DMM > XWM > DMD > ELD > WCD > ALK > HBK
(£2)o Kk E/NH4RASLFEER Shannon 2 RS B0R T oh RI4AR A JLATRE 24308 JLRARE , T JR1 40 %5 )L FH
RS T RS LR (2 2) o

TR BRIER A NFEAL T Hardy-Weinberg F45) , 3% It Lynch-Milligan %7 IE/M¥Z RAPD %3
B BBk ¢ <3/N (g HBRMEEBEERR N HEHEA/N) B4 5, i Popgene 32 THA Nei 2EH £ RH:HE
o GRER,FTEGH/NTHRAG LR ABM 925 SR 5 (0. 2125) , BT AT AR A LR
ALK YRR 2R R (0. 1336) , R R LRI FF > ABM > SRM > XLM > DMM > XWM > DMD > ELD >
WCD >HBK > ALK(32). Bk b, 3 R0 ILAEAY Nei S SHEMAHG R B AR M SR B (£
2) o JH Shannon A Nei FE R A% 3 FRemng LR RESE 1L SREMEROMS S5 B AR BUE LA BT AR, B &8
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N H R R — B,

£2 3 HEBILFEE RAPD ff S ESHE
Table 2 RAPD loci and genetic diversity of the populations of these 3 Caragana species

EBNRBIY A R RNENRBAE  Nei ZREESRHEME Shannon

RS EHARH Percentage of Percentage of Fe¥ ZREMEFES
Population code Numbel: of . polymorphic loci lember Of, unique loci Nei’s gene Shannon’s index
polymorphic loci (%) unique lock (%) diversity (h) of diversity (I)

XWM (C. microphylla) 473 69.76 5 0.74 0.1893 0.2992
XIM (C. microphylia) 477 70.35 2 0.29 0.2009 0.3140
ABM (C. microphyila) 520 76.70 12 1.77 0.2125 0.3349
SRM (C. microphyila) 517 76.25 5 0.74 0.2111 0.3326
DMM (C. microphylla) 484 71.39 3 0.44 0.1990 0.3125
ELD (C. davazamcii) 401 59.14 2 0.29 0.1372 0.2254
DMD (C. davazamcii) 433 63.86 1 0.15 0.1517 0.2484
WCD (C. davazamcii) 397 58.55 2 0.29 0.1358 0.2222
HBK (C. korshinskii) 364 53.69 2 0.29 0.1342 0.2162
AIK (C. korshinskii) 375 55.31 8 1.18 0.1336 0.2170
2K/ Over all 678 100.00 41 6.05 0.2031 0.3397

FESEM AT, b BERY Shannon $EEXAN Nei 1550885 A4 K 3 & BY4E BB 2 BE UM L (Rl =
0.431, Py, .. =0.039; R:, =0.417, P,, =0.044; a =0.05) , i 54ERE K& (RY,... =0.365, Pg,.... =0.064;
R:..=0.369, Py; =0.062; a =0.05) & +3E&/KE (RYn =0.337, Py, =0.078; R:, =0.339, Py, =
0.077; a =0.05) B¥jFRE BEMIAKF, EBHHBIEMHXEE,

2.3 3RS ILREEBHE RS

Sof /N4 L R AR X L FIAF R ARG LR RS E R R T B T RRIREE B4R M9 AMOVA 247k :3
S LR EI SR R 5 BAE R 6.08% , H B EHRE BRXFERARE (P =0.99%1, 0« =0.05) ;
IR REIR] R 57 5 BB 1Y 11.90% (P <0. 001, @ =0.05); B8R EHZH o RK BERHHFHNKZER, &
82.02% , By Popgene 32 I M IEFIULRE 6,24 0.1603 (£ 3) , BRI FENBRIELR(83.97% ) 1
FHEENE . FIA Shannon FEEEE R FNBRETR G BERKILER 80.13% (£ 3) , LB R KWL E
FRETHENE, AP H AMOVA FEH /3L R %L G, A1 Shannon 18400 3 Fh 4R %G JLAP R 540 B
VR BEA—BNL R

3 AR LA R EE—AE 27, B Popgene 32 IHEA B SRIERE N, N 2.6192( KT 1) ,FKHX
3 FpERAE LA R R — R R 30,

3 M Nei #58#0 Shannon EHEE R 3 TR LA EEE WiRED L
Table 3 Genetic differentiations among the populations of these 3 Caragana species estimated with Nei’s and Shannon's indices

Nei $53{ Nei’s index Shannon 3£%{ Shannon’s index
I H Item
H Hs Gst Nm Hsp Hpop Hpop/Hsp
FE ¥ Index 0.2031 0. 1705 0.1603 2.6192 0.3397 0.2722 0.8013
iniEE SD 0.0153 0.0099 - - 0.1694 0.0507 -

2.4 3 FiERXGLARRE ) 8 L B R R R

7E Nei Tofiigt A BE B4R (32 4) W, MAGEE B RO Y R P S /N4 X8 LA XWM. R r 28 76 AT 4%
X8 )LFRHE ALK(0.0455) , B AGHE B B/ R — T P D4 X8 LA ELD 1A S8 A 6] $8 X8 JL A7 DMD
(0.0101),

hitp : //www. ecologica. cn
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F4 3 MPBILAEER Nei TREEES (HAKRT ) MBE—HEHAL L)
Table 4 Nei’ s unbiased genetic distance ( below diagonal) and genetic identity ( above diagonal) among the populations of these 3

Caragana species

Nei iﬁiﬁﬁﬂﬁ% Nei Jo{R #8345 —FUHF Nei's unbiased genetic identity
51::;20“ I:ili);:nese XWM XLM ABM SRM DMM E1D DMD WCD HBK ALK
XWM 0.9651 0.9647 0.9562 0.9645 0.9628 0.9598 0.9563 0. 9560 0.9555
XLM 0.0355 0.9676 0.9632 0.9663 0.9655 0.9626 0.9599 0.9587 0.9585
ABM 0. 0360 0.0329 0.9644 0. 9656 0.9671 0.9654 0.9616 0.9555 0.9636
SRM 0.0448 0.0375 0.0362 0.9744 0.9656 0.9603 0.9583 0.9588 0.9584
DMM 0.0362 0.0343 0.0350 0.0259 0.9724 0.9667 0. 9664 0.9642 0.9670
ELD 0.0380 0.0351 0.0335 0.0350 0.0280 0.9900 0.9856 0.9841 0.9847
DMD 0.0411 0.0381 0.0352 0. 0405 0.0339 0.0101 0.9827 0.9807 0.9802
WCD 0. 0447 0. 0409 0.0392 0.0426 0.0341 0.0145 0.0174 0.9802 0.9778
HBK 0. 0450 0.0422 0.0454 0.0421 0. 0365 0.0160 0.0195 0.0200 0.9780
ALK 0. 0455 0.0424 0.0371 0. 0425 0.0336 0.0154 0.0200 0.0224 0.0222
Fii UPGMA B:A45 Nei FofR (5 B FrE 300 3 o
NS LA BRI A AN 2 R, B JE S X
hRARAS JURREE ELD ARYK 5 147G B0 34 B v I 4 L SRM
FHEE DMD. 533 4% e o [ 4 3 JLFIBE WCD B80S P
HER 0 JLRRE HBK FIFTHL 2 /0 HERr A0S0 JL AR EDMD
ALK RAE—iE, B 5 AR AW H RIS A I/ 4L e
FHEE SRM RIS/ 433 JLRVRE DMM BE—iE, B ALK
JE 5 BB i — KA TS BN 488 L XWM Ak ws 4% T T :
/NS R JLFRRE XIM % B B9, 1 J8E /) - 560 06 )L b SRR Branch length
ABM R ero B3 FRBILAFRIRRRIM —EHE  p ) e N e i UPMA 1 F LHEER
TS, Rt

3 itig Fig.2 UPGMA dendrogram of the populations of these 3 Caragana
RAPD Ei£4 0 FB WL 2 FAric!'®, MijH  species based on Nei’s unbiased genetic distance

BT RAPD B & M 22 1Y [R]85 7T LA SE o o ik Sk e

HARREA!" ™, EABRMAL LR A4 T RAPD ¥ 8GR IFHE S M, 4R IE T RAPD 7k isd .,
Lynch A Milligan B3 T 403 RAPD SRRk, SR BIRR ¢° <3/N (¢ NERMEIEERZE, N Y BUER/N) B4
H KA/ MEARTSEE RAPD A&7 w2 ", 35 M. Kimberling Z 9Bt 28, 24 B I 2k
8 RAPD i 5, B/NHEA BRSSO ER A ER' . i E— SRR EmRE
ABIEL 10 MR R B RRA 2% RAPD 43474 KB . Nybom A1 Bartish Hi%E T K& & X FH
RAPD M 5 S BH0BTST , 45 tH AR B A BT 2T RAPD B ES 8 KM . %
B BRI AR HEITH) RAPD BRSLsh R EREARTE 10 BhAS I RB TRA BRI ER",
W, ABRSE o A FIRE 10 BREEAR TR IR B KB B9 RAPD £7 &7 AR T @/ D48 38 L, S ) 4R 08 JLFIAE &5
B U] b 33 A 7R A AR R R A MBS R o IS, RAPD Ry BHEARIC, ok X 57 58 485
ZR & , e Hardy-Weinberg P RIX T BEAT Nei 18805047 ; T AMOVA 4347 A 454 Hardy-Weinberg V- # fi&
B, 36T LR A B2 MR I 40T 33 A% AR BUESS R, FTAE R B AR IE A S b B a8t (L 45 Ha i O SE e
BT . RS A E PR A RS TR BTS2 A, AMOVA 5 Nei 830007 45 RIS ZEMR B 1)
FACHE, BIFP 40T 7 L ERGE P T R BE R 5 451 40T, T Shannon FE¥UE Gk Z WIH A= W2 F X, BT LIER

hitp : //www. ecologica. cn
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AMOVA 71 Nei $88M B0 2 4h 781 . ABHEH X 3 R kBR8N — B4 R, R BN 4B
o EE A

FBEFE P BrR Ry AR 2R N B A (PPB =100% ) , X RISt R SR/ X8 L, b R 48 X8 JLA
PRSI LA RN RS R, —ROR VLA R/ F R 6 ROEY 2 A F MK SRS R
X 3 FERXG LA AR, A T S R R ARE RS IR R R, V9 P Hi B iR e R X, 73X A 98
RIS RN U 1 K SRR T A ER AR ZSR, KR B REE RS F R M X 3 FiRiS
ILEAE RSN, A BBV E BRI,

B L, /N0 )L Shannon ZHEHEFSHOR Nei 25 2 HEMEARE0R T IR 4R JLANAT AR 4R %8 L, T Hp A
WX LR TR L, X 3 RIS LI R BRI B AR M PR GS, BRI 3 Fhi
¥ LR AE B S E R RAE SRR R BEF UK, T 54 RK 8 R 1B E K8 BARE B EHXKF, B
EMAXBEHE, NEFFXNEENMARHDIN TR REBFERFTHEERBEBRRNBEEZHE
HEPY  Fg S Ol v I ) T AR (TR ) B R S B IR T S A5 S R R o /N ERAS L R R 4R
JUAIAT A4S JLAE PI 38 ot o0 SR bl AR 1 P R B A A A, T3 IR AR G R AR B S R
H AR PG5 3, Bk U ol AR T P 200 T AR SRR /N R IS LR Bk B SBAUK 2 &R0 B AR R IR 8L
/I, DTSR B HH 28 s B0 A 25 , T 0 A 26 PP P R A P 16 R X8 JL AT 2R B X JLAE ol P B 7 3 R H IR ARK
rE TR HER BRES. ARIX 3 Mg LA s & 21 5 H A — 3R B 7 (a0 . 3Bt
TEFE) HRKROTERDTF

Xt /N RS L R RIS LAY AR50 48 LAF AR B AMOVA Z347 329, AR AE R i AR 51 6. 08% , H.
BEURREBRMAZERIFABE (P =0.991,0=0.05), MR EBEEPEMHFHT(82.02%), H
Shannon ZHHAEEM Nei 2N EZHMABREIT R SR BRU R LK ELEMHHAI(G, =0.1603,
Hpop/Hsp =0.8013) , XELHERHIX 3 FrimaS LR BIZ LR 1B BEKF. MEFEAEBE NN 2. 6192
(KT 1) BFRRE —EREHERRGFET 3 FRGJLARE. ©F —RIPRRHURZYFNREERE
TR RUIRSRE PR ARS LA AL, B RA K EFIER, A bR
X8 LRI RAT AKX LB — N ERp . ERFTFIR T B ZRUHBEIBHOESERMTEOZ N, 4
R X BRAG JLR /N AR L RIS LA AR S LB 2R (Hybrid Zone) , Y43X 3 Fidiaxg JL
ARERET | AMEWER Y BUESPTA) RAPD BRUR I, B 5 R U £ 538 JLRHA 5 oh A1 XS LR
HyBAE ML R BB S BE B AR/, RAPI R AR B R 30 o SR RIS R F IR TR 7 IR T
X 3 PRI LI RS Th LS SR T A 4 M A A AR b O TR B 9 DA K R B DNA YRA% BT 1089
RAPD 734732 M, 3% 3 MR RIRLE 3 ANFb , T2 /N4 X8 L2 o [B143 X8 )L BT 440 X8 LI B — 1 42
PO ERAT AR o ASCAAMA DNA % ek Py 5% 1 1 /N -4 3 L o B 4 08 LRIV A% 0 0 ) LRl 1 o
TR TR PTG R — PR T X 3 M X LRIZE BB BN 2 AR 2R R, BR T
ENRENRREERKR,

FEARBIF IR RN 3 FpERAS LR TR o, P 4R XS JURR A AT AR A0 LA+ R B o B8 o] P 4K
YR INSRA, T/NH-4R 38 LAFRE SRM Al DMM 555 v [RI4R S LAIAT AR5 08 LRAE — i, ;X R X 3 R g
JLE+ R BIE R R . AP P HIREE S D R EFHET R DNA BHE K Jaccard REEERIS YR
A WA AR B BT BB R R R R R — B, T2 T Mk DNA 4% 5 B9 AMOVA, Nei 15 A1
Shannon 18 ¥ 7 AT LA AT HE—2 T X 3 FPHRXE LR E] R PR AR R R R AR R BA LR, X 3 FiR
X )LRPRE R I 5 BRI B RA R, R — R B R S , R R 7E 3 AR BEAL A B B 3
REHIX 3 PR LB TR R o
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