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Genetic Diversity of Caragana microphylla and

Caragana intermedia in Inner Mongolia Plateau
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Abstract: The genetic diversity of 15 Caragana populations (7 Caragana microphylla populations and 8
Caragana intermedia populations) from east to west at Inner Mongolia Plateau was analyzed by ISSR (in-
ter-simple sequence repeats) markers. The results showed that the percentage of polymorphic loci of 7 C.
microphylla populations was 98.19% ;Nei’s gene index and Shannon information index were 0. 289 7 and
0. 444 0,respectively;the genetic differentiation coefficient(G,,) was 0. 119 0, which showed that there is a
moderate genetic differentiation in C. microphylla populations;and the gene flow (N, ) among populations
was frequently(3. 701 0). (2) The percentage of polymorphic loci of 8 populations of C. intermedia was
99. 7% ,Nei’s gene index was 0. 312 8,Shannon information index was 0. 478 4;the genetic differentiation

coefficient(G ) was 0.188 1, which showed that C. intermedia population have great genetic differentia-
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tion;the gene flow (N, ) was 2. 157 8. (3) Genetic diversity and genetic differentiation of C. intermedia

both higher than that of C. microphylla,which is genetics base that C. intermedia instead of C. microphyl-

la to adapt to adverse environmental and extended distribution. (4) Neighbor cluster analysis showed that

15 Caragana populations is gradually from east to west,which reflected both in the gradual change of ge-

ography distribution and geographic alternative. Correlation analysis of genetic diversity index and meteoro-

logical factors and soil factors showed that the average temperature plays an important role in Caragana

populations genetic differentiation.

Key words: Inner Mongolia Plateau;Caragana microphylla ;Caragana intermedia ; 1ISSR
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Table 1  Sampling positions of 15 populations

B B 4

Sampling sites Population 1D

ok KA

Species Sampling site

1 Cal INHEERG L C. microphylla Lam. A4 JE Balinyouqi

2 Ca2 INHEE G L C. microphylla Lam. P14 Xiwuqi

3 Ca3 INHERS )L C.omicrophylla Lam. AR FE Xilin Haote

4 Cad INHERS )L C.omicrophylla Lam. AR FE Xilin Haote

5 Ca5 JNTER IS )L C. microphylla Lam. AR iE R Xilin Haote

6 Cab HilE 4834 JL C. intermedia Kuang et H. C. Fu F R H 2 1t Sunitezuoqi

7 Ca7 INHERRS L C.omicrophylla Lam. T FEZCHE Sunitezuoqi

8 Ca8 a8 %8 )L C. intermedia Kuang et H. C. Fu IR KA Sunitezuoqi

9 Ca9 HE 5534 JL C. intermedia Kuang et H. C. Fu JJE R4 Suniteyouqi
10 CalO a8 %8 )L, C. intermedia Kuang et H. C. Fu IR H A Suniteyouqi

11 Call Frlal 5 %9 L C. intermedia Kuang et H. C. Fu P47 FJift Siziwangqi

12 Cal2 NSRS L C. microphylla Lam., P F F jif Siziwangqi

13 Cal3 Hi )45 %8 JL C. intermedia Kuang et H. C. Fu K% Damaogi

14 Cal4 Hifal i 29 L C. intermedia Kuang et H. C. Fu B34 it Wulatezhongqi
15 Cals Frfal 8 39 L C. intermedia Kuang et H. C. Fu 13 F7 43 rh il Wulatezhongqi
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Fig. 1 Sampling site distribution map
1—15 are same as Table 1
R2 ISSRIIMEEFFIMESEESTH
Table 2 ISSR primers and the sequence polymorphism analysis

511 S G -3) A ZEHL R Bt

Primer Primer sequence(5'—3") Total bands Polymorphic bands polymorphic iands/%
AW64746 ACACACACACACACACT 29 29 100
AWG64747 ACACACACACACACACAG 22 21 95.5
AW64749 TGTGTGTGTGTGTGTGC 25 23 92
AW64750 CTCCTCCTCCTCCTCCTC 26 26 100
AW77934 AGAGAGAGAGAGAGAGC 29 29 100
AW77936 GAGAGAGAGAGAGAGAC 32 32 100
AW77937 CACACACACACACACAG 26 24 92.3
AW77938 GAGAGAGAGAGAGAGAA 35 35 100
AW77939 AGAGAGAGAGAGAGAGTC 25 24 96
AW77941 GAGAGAGAGAGAGAGAAT 29 29 100
AW77943 GGAGAGGAGAGGAGA 33 33 100

U828 TGTGTGTGTGTGTGTGA 26 26 100
41t Total 337 331 98.2
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WHAEIR . AT R, KA LY I 7E 0. 233 4~
0.282 7z 18] , \/INBI| KR A HE Cal <<Cal2<<Ca7<<
Ca5<CCa3<<Cad4<<Caz,

Shannon {5 B AR EIr M4 R 5 Nei”s JE N 24+
PEE RO B g R T — 20 JUR AT 0. 354 5
~0.426 5, \/NE)KAK KR R BE Cal<<Cal2<<Ca7?
< Cab<Ca3<<Cad4<<Ca2,

MEAR B /NG LR R SR Nei”s 5& A

Z R 45 By 0. 289 7. Shannon {5 B 48 N
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JLRYE AL ZAEPEAEH & . 2SR EERY 2 2005 A 20 8K
R E 5 U Cal0<<Cald<<Cal3<<Ca9<<Cal5<C
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B 2 514 AWT77939 XF /N 5538 JLAPHE Ca2 Frb R 48 38 JLANHE Cald (9934 & 1%
M. DL3000;1~24. A FEE 24 A4~ 14K

Fig.2 Primer AW77939 amplification patterns of C. microphylla population Ca2 and C. intermedia population Cal4

M. DL3000;1—24. 24 individuals of each population
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Table 3 The results of C. microphylla ISSR genetic diversity
A e LR ARERIER L Nei's MWLM Shannon ﬁ,‘%i‘ﬁi‘{ﬂl EZH Z L E B
Population Number o alleles(N,,) Effective nurrYlber Neﬂs. gene . Shqnnog s Polymo;phlc Percenllage of/ﬂ
of alleles(N.) diversity(h) information index(I) loci polymorphic loci/ %
Cal 1.740 2 1.392 8 0.2334 0.3545 245 74.02
Ca2 1.852 0 1.478 7 0.2827 0.426 5 282 85. 20
Ca3 1.806 6 1.432 4 0.257 8 0.3915 267 80. 66
Cat 1.800 6 1.442 5 0.262 8 0.397 3 265 80. 06
Cab 1.785 5 1.4219 0.252 4 0.383 2 260 78.55
Ca? 1.788 5 1.418 7 0.250 6 0.3809 261 78.85
Cal2 1.791 5 1.415 7 0.246 6 0.374 3 262 79.15
MA Tatal 1.9819 1.477 8 0.289 7 0.444 0 325 98.19
FiME2 St. Dev 0.133 6 0.320 4 0.158 3 0.206 5
R4 HEEBILFHE ISR EMEESHEELER
Table 4 The results of C. intermedia ISSR genetic diversity
i 5 (i 4 ARRERIER S Nei’s %WZ#’E?'&’& Shannon féﬁ'ﬁ:ﬁ'ﬁﬁ( EZI IR Z BT
Population Number of alleles(N,) Effective nu‘mber Nei’s gene ~ Shannon’s Polymorphic Percentage o_f/ﬂ
of alleles(N.) diversity(h) information index(I) loci polymorphic loci/ %
Cab 1.830 3 1.453 5 0.269 5 0.407 8 274 83.03
Ca8 1.824 2 1.431 4 0.258 0 0.392 3 272 82.42
Ca9 1.803 0 1.421 0 0.252 4 0.384 3 265 80. 30
Cal0 1.751 5 1.396 0 0.236 5 0.3590 248 75.15
Call 1.812 1 1.440 8 0.2611 0.395 3 268 81.21
Cal3 1.797 0 1.425 8 0.254 0 0.3853 263 79.70
Cal4 1.787 9 1.403 9 0.242 9 0.370 6 260 78.79
Calb 1.806 1 1.434 0 0.2570 0.3890 266 80.61
MUK Tatal 1.997 0 1.516 4 0.312 8 0.478 4 329 99.70
FrifE % St. Dev 0.0550 0.304 3 0.140 7 0.173 9
SRR ] B XSG LR BV Nei”s B[R 2 RS NMHEBILMBENREIL
FEPEFE SN 0. 312 8,Shannon {5 B8 %(H 0. 478 4, Table 5 Genetic differentiation of
T o 0 DL P LA = 7 138 1 2 R C. microphytla population
2.2 BEEEHESEERRSH b T Hyfi Fiife 2
.\ Index Mean Se. Dtv
2.2.1 NHEBILER ML S ARG IL T
Eﬁiﬂ’\]%&%%ﬁ}}iﬂﬁ 0.289 7»/@*}%%%]%@% :Tm\otal gene diy:/ersily(Hl) 0.289 7 0.0251
FEBE Dy 0. 255 2, Ja e )i % 5146 S B0 0. 119 0, éﬁeitvgingy%%hm 0.255 2 0.020 3
Ja T 0] 382 % 73 A 28 IO S T AR 33t 4% 23 AL 7 B populations(H.)
BTSSR . T A NI R LR BE A L R R PRI R .
0.05~0. 15 2 [a] , & /N 43 48 LA 78 L AT o 4 coelficent(6G.0
B, ABFSOh 7 AN LR B S 701

SENE N 3. 701 0, 3 BA J 3 1] 2 [N 370 491 55 » i Jes 1
[F1] 388 122 70 A A ol 38t 1 58 P B

2.2.2 HEHBILERE mE6 LUAEDH, BIHENA
ZHEIE 0. 312 8, Horh Jm BE A B R 2 KR R O
0.253 9, Ja S AL 7L R %N 0. 188 1, KB ]
XS LR AR R BR R E W 38t AL k. LA s L
o A i) P4y PR 2. 157 8 3 B ] i 4 L i Il
1388 72 o0 PR Al ol 388 % TR AL P B

2.3 BEEBSEE—BESW

2.3.1 INHEEBILER KL REERED
XiF R AR A A B R BE A 1 F M o (HL B0 AS B K0 22 R 1 (1)
HH L R 1A 30T T 0 (1) 14 38 % B 2 Ok 3 I 4
VR A TR () 0 0 9 2R A9 38 30+ 0F — A5 U0 W U 3
B AL B EAR. AR 7 RTLLE /N5 XS L
FiiE Cas 5 Ca7 [H] (35t f% JE 25 i . o 0,025 5, 1
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R Cal 55 Ca7 [0] {4 35 1% BE 25 ez . 2 0. 067 1,
&R B AL —FEEAE0. 935 1~0.974 8 Z A, & )&
TR 18] 7 B3 AL FE 25 0 0. 048 1, F- )58 15— Ry
0.953 1, 156 B Ja 10 (] 35 4% B 8 S A o T A 8] 1 A
IR B .

2.3.2 HEEIBJLEE K8 BIRAYE XY
JUSEBER] s (G BE B S st e — B . R 8 W LR
R ARSI DI N T 3 B o S e A A
0.029 0~0.286 8 Z [] , j5t f& — L (1 72 fb 3 [l 7E
0.750 6~0.971 4 Z[a], i it Ca9 5 CalO A%

Fo6 HEEBILHMENEESK

GHE B e /N, O 0,029 0, i 35t % — B e K. o8
0.971 4, FHIFhEE Cad F1 CalO f 3 A% A8 I B K5
TR Cab 5 Cald Z [0 135t 14 IE 25 i K 0. 286 8,
7 38t {4 — BB B /N, H 0,750 6, W R Cab 5
Cald [ AGAHRIME B/ . 45 o B R) O 2 38t 4% 1 5
2 0.100 0,755t —F Ry 0. 909 4,
2.4 BELSH

MIE 3 AL F, B Cad FiI Cab R — AN BE R
CZLfa)  JLARFPRE S B Bk ST 1 FEMA s iR Ca3 A5 2
Fofr 5 L0 35 4% LA 5 1 R RE 0 A At b R 1 35 A%
BB N 15 A TR () AR A e [ 1) 388 1% 143

Table 6 Genetic differentiation of C. intermedia population SR T S AN 4 R, P EE Cal . Ca2,
TE TR S CREN RS KRR G O
RRRENE s o FU%E 2 5 R E Ca? LK 3y S ORI Cas,
e Ca9.,Cal0 %4 FE S FIBE Cab LUK — % 0
;};Sjliii\;enr:(irzkv;ithin 0.253 9 0.0191 Call.Cal2 B4 SR SR EE Cal3.Cald #1 Ca
TR 3 2 R IS ARUCHI R . HBe &S R AT LUA Y ) R X8 L 45 Fif
cofcen Gy e T M50 40 B 5 o1 P00 LR LG 25
i 21578 FIEAE 6 2 T 5 3R T o 69 JL AL
M SR L3S E R B N SR BFE 154G L
x®7T MBBILHHEEEESSEE-BE
Table 7 Nei’s genetic distance and genetic identity of C. microphylla
P Pop. Cal Ca2 Ca3 Ca4 Cab Ca7 Cal2
Cal 0.958 2 0.962 2 0.941 7 0.939 6 0.9351 0.935 9
Ca2 0.042 7 0.959 6 0.962 1 0.961 8 0.951 2 0.942 3
Ca3 0.038 5 0.041 2 0.953 9 0.955 0 0.945 0 0.940 2
Cad 0.060 0 0.038 7 0.047 2 0.974 5 0.967 9 0.947 5
Ca5 0.062 3 0.039 0 0.046 1 0.025 8 0.974 8 0.953 3
Ca7 0.067 1 0.050 0 0.056 5 0.032 6 0.0255 0.953 5
Cal2 0.066 3 0.059 4 0.061 6 0.054 0 0.047 8 0.047 6
AT AL DL oAl — BUE AL LR e
Note: Above diagonal,Nei’s genetic identity; below diagonal, genetic distance.
RS HEBBIMBFEEEESEE—HE
Table 8 Nei’s genetic distance and genetic identity of C. intermedia
FiftE Pop. Cab Ca8 Ca9 Cal0 Call Cal3 Cald Cals
Cab 0.760 7 0.759 0 0.761 7 0.755 5 0.757 7 0.750 6 0.758 2
Ca8 0.273 6 0.966 7 0.962 7 0.956 0 0.958 9 0.957 4 0.949 6
Ca9 0.275 8 0.033 9 0.971 4 0.950 4 0.963 5 0.961 2 0.958 0
Calo 0.272 1 0.038 0 0.029 0 0.958 1 0.963 3 0.963 3 0.958 1
Call 0.280 3 0.045 0 0.050 9 0.042 8 0.957 4 0.952 2 0.952 0
Cal3 0.277 5 0. 042 0 0.037 1 0.037 4 0.043 5 0.969 3 0.964 1
Cal4 0.286 8 0.043 6 0.039 5 0.037 4 0.049 0 0.031 2 0.967 2
Calb 0.276 7 0.0517 0.042 9 0.042 8 0.049 2 0.036 6 0.033 4

TE 0 A2k LB O A — 8O L X M2 LR Dy A R

Note: Above diagonal,Nei’s genetic identity; below diagonal, genetic distance.



2004 odr oY % R 35 %

TRE 2 I AR 2 Y B i SR 2K
2.5 EEEESHEEENEXNE

Mantel ¥ % /2 i Nathan Mantel frfg 0%, 2
Xof T A R I R OGO A% R 30y 7 b R a8t %~ VE VR R
BFFEGEACIRNZ I . AT XS/ G
JU-5 v [B] A L 79 AR ) ) 3t 4% B 5 5 e 3P
AR SCPEREAT Mantel 55 . 20 A fs th AHSC R 8L~
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P {2 0.10, 15R 9 Fros . 4% 5t ZFEPESR B 5
TR — R AR IR 22 > HoAth

1.0 pera

e
0.8

0.6
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0.2
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AR PR DL RSSO B R Bk B AR Y 2 B TR I
HL B ACEE AR — 3 A i, HAZ B A RS
e DB A B R B SR A4 4%, [RVEE B A g 4 BE 291,
SHEMEMNIEEBAAE R EHCXR, T EST R
TR A B KO (P=0. 018<C0. 05) , 13, B 45 70 {14
BRI B . P AR XS Nei”s 36 H 2 FF P 45
¥ .Shannon {5 BHEH . Z B L. 2B A o
B0 A AR B 43 A 48,500 .50 0 \47. 6% .47, 6 4

(O8]

1

Bl 4 15 A0 JLANRE &R 3 B 2510
1~15 A& 1
Fig.4 Neighbor joining tree of 15 Caragana populations

1—15 are same as Table 1

B3 15 ARG LA B g 1L 45 K 45 2R (I8 1T Structure IR BB
Fig. 3 Results of Bayesian analysis of 15 populations of Caragana using admixture model in Structure
1. Cal;2. Ca2;3. Ca3;4. Cad;5. Ca5;6. Cab6;7. Ca7;8. Ca8;9. Ca9;10. CalO;11. Call;12. Cal2;13. Cal3;14. Cal4;15. Calb
x9 ISSREASHERERSSKAFNLIERFESEA

Table 9 The regression analysis of ISSR genetic diversity index with meteorological factors and soil factors

B 1 i - oy JE S
Dependent Independent (2 S R? P Analysis of
. . Model Parameter ;
variable variable variance
A 3 T TR BB Intercept o440 SO00L g g
Effective number of allele Average temperature RS Average temperature ' 0.018 '
Nei's $[H £ FEHE I3 TR | B Intercept 0485 S000L g gyps
Nei’s gene index Average temperature 1SR Average temperature : 0.012 :
Shannon {5 B8 %1 FHAE 1 IR Intercept 0.500 <0.001 0.010"
Shannon’s information index Average temperature F-H) K Average temperature : 0.010 :
MR TR 1 IR Intercept 0.476 <0.001 0013
Polymorphic locis Average temperature F-H) K Average temperature : 0.013 :
LA B T A TSR 1 HUET Intercept 0.476 <0.001 0.013*
Percentage of polymorphic locis ~ Average temperature 145 I Average temperature : 0.013 :

I« FORBEE 0,01 K 1225 B3

Note: * stand for significant difference of the model at the 0. 01 probability level.
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