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Abstract: [Objective] The study was done to reveal the on genetic diversity of Chinese Medicago ru-
thenica.[Method) Phenotype, SSR marker were used to analyze the genetic diversity of 44 M. ruthenica
germplasms from 7 provinces in China. [Result] 15 phenotypic characters displayed significant difference.
Principal component analysis indicated that number of seeds/raceme, seed length, seed width, and number
of inflorescence/branch were varied significantly in various populations and populations and these 4 charac-
ters above were mainly factors which produced morphological variation. Phenotype cluster analysis showed

44 M. ruthenica germplasms were divided into eight groups, most of them were clustered into the second
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group,and a few of them were clustered into other groups. SSR marker showed that 16 pairs of primers

were obtained. 3—10 alleles were detected in every primer,119 bands amplified, per locus on average had 6

alleles,of which 80. 7% were polymorphism. Every primer produced 96 effective genes, and the average

polymorphic information content (PIC) was 0. 26. Cluster analysis showed 44 M. ruthenica germplasms

were divided into eight groups,and most of them still focused on the third group. Compared to morphologi-

cal and SSR marker, the genetic distance matrix was significantly positive correlated, correlation coefficient

r=0.013 8,t=0. 188 7. [Conclusion] There is a higher genetic diversity in M. ruthenica germplasm in Chi-

na.
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Table 1 M. ruthenica germplasm origins
ﬁi RAE M A Origin ﬁi FRARH AR Origin
1 N5 B A 4T Xilinhaote City, Inner Mongolia 23 M52 5 22 224 1l Wulanchabu City, Inner Mongolia
2 N5 T S ER B IL I Wuzhumuqgin West County, Inner Mongolia 24 E}%T‘T%ﬁﬁﬁﬁ Chayouzhong County, Inner Mongo-
3 N 5% i ] i Abaga County, Inner Mongolia 25 N5 d 4k 2L Huade County, Inner Mongolia
4 M52 i H 358 8 Baiyinxile County, Inner Mongolia 26 M 5% i A8 Shangdu County, Inner Mongolia
5 M5 R S BB L E Wuzhumugin East County, Inner Mongolia 27 M52 + 45 Tuyou County,Inner Mongolia
6 M52 1E ¥ it Zhenglan County, Inner Mongolia 28 M52 35 % it Damao County, Inner Mongolia
7 N 5% i IE £ i Zhengxiangbai County, Inner Mongolia 29 N5 i Al AR E Helin County, Inner Mongolia
8 N 5% K BE 42 Huitengliang County, Inner Mongolia 30 N5 i R AN 4% 17 Huhhot City, Inner Mongolia
9 N5 H £ 48 H Doulong County,Inner Mongolia 31 M52 i i K T E Qingshuihe County, Inner Mongolia
10 M52 B A i Balinyou County, Inner Mongolia 32 M52 i1 B Wuchuan County, Inner Mongolia
11 N5 H P & Linxi County, Inner Mongolia 33 bl Beijing
12 523 B 58 SR Wb i Alukeerqin County, Inner Mongolia 34 W P445 KT Taiyuan City, Shanxi Province
13 M52 BRI 22 35 it Keerginzouyihou County, Inner Mongolia 35 17545 i 7K B Qinshui County, Shanxi Province
14 N 52l %5 & it Naiman County, Inner Mongolia 36 17548 45 £ 5 Youyu Areas, Shanxi Province
15 N5 BRI 28 3 rh i Keerqinzouyizhong County, Inner Mongolia 37 117545 P& B Pinglu Areas,Shanxi Province
16 M52 Rt L Yiershi County, Inner Mongolia 38 1L 7545 K[ B Datong Areas, Shanxi Province
17 M BT /R 10T Aersan City, Inner Mongolia 39 Wb 48 3% B Weichang Areas, Hebei Province
18 N5 B4 it Keyouzhong County, Inner Mongolia 40 i TP HE Liaoxi Areas, Liaoning Province
19 N 52 SRR 78 it Ewenke County, Inner Mongolia 41 MR 2 F T Gongzhulin City, Jilin Province
20 N5 4L 22 417 Zalantun City, Inner Mongolia 42 FH A K FH 1 Changchun City, Jilin Province
21 525 B IR B8 48 it Xinbaerhuzuo County, Inner Mongolia 43 P4 % FL 35 B Zhada County, Tibet
22 M52 U1 F i Siziwang County, Inner Mongolia 14 T W B © CBAE SR ML ruthenica Zhilixing




5910 AP E 45 < v [ A

all

WL ZAEPE I R B FN SSR ARid 4 BT 67

T 2007 4R 44 Oy i 18 AP IR % F 8 OIFFOE
FAOMFHB VD IR0 B PR A AR A 0 O g
i o RIS AL T AN RR T VS R Y 30 km Y £
B LETEVD IR &, HUER AR B R 2R 46 111°45" b 4
40°36", J& T2 T R KR PRSI  MEIR 1 065 m, £ 3
KA LA,

1.2 HEREEITEREE

IR A Bl AL X 2 % 1. 3 IRE R, /N X TR
3.5 m*, A HIBEIK 3~5 WL 2~3 W,k
BRE 4~5 W, T[] P bR 78 A i R 4 T 1 4 iR
CH 7 b I 0 V5l 8 3 0 5 0l s v T T AT T A
15 AR AUPER A FE bR & R i 5E R e R
DR i S Ll N B YAV 1= A 5 o b S L S
IR O AR O R AN o S 1 P2 S S
1.3 WEEM SSR tRIEHHT
1.3.1 % DNA#RR jifs ZEM 1 DMHAE. N
BR b BORT B R, o3 i g B — 80 "C UK AR N AR
e85 M. R A2k A ) TR A BRAA W A= 72 19 /)N
HAEY IR 2] DNA 0] & 32 BUR 75 &8 DNA, i
178 g/ L TR WHEE 5 vl Uk A I o O 1 28 A1 AT 0L 430l
JERETHINSE 260 F1 280 nm I K 1 1 Y6 A (ODyq, Fi
OD.s0) + 18 OD.go /ODog, » LUK I DNA FE 5 4l 5
1.3.2 PCR ¥ ¥ ##E Bernadette 2 By 38,
M\ 89 Xif S 4k & MBUE E 15 SSR 51 9y h iifi it 2 &
PEFEE EEMEEH 16 XF 5] Yk W45 &9 PCR §
W5l gAY TR IS A R A F A .
PCR WK &K 25 pl:10 X Buffer (& Mg®™) 5.5
pL,5 U/pl. Tag DNA 4 i Cly b 50 KR A= ¥ 24
A 0.5 pl, 136 ng/pl #itk DNA 3 pL, 10
mmol/L dNTP 0. 75 p1.,10 pmol/L | F##51 ¥
0.75 pL,ddH,0 14.5 pL., PCR W F#)JF:95 “C il
A5 M 3 min; 94 CARME 25 s,55~66 C (HR4EAR[F 5]
Wi 2 )R & 30 5,72 “CHEfH 30 s,35 ANMEH ;72 C
FEAH 10 min, )5 4 CHAF. WY W=, 4 6 %0748
P 2R VAT s T P 5 e Fb Uk R W (FEL T 8 80 W .30 miin)
Jo AT G L[ E OB
1.4 HEsE

XF i A e B AR RS 3 AT bR T AR AL B
SPSS11. 58 AR kAT R R MR B 1 225007 . &
B3 43 B (PCA) LR 26 73 i (UPGMA) 5 4% SSR #r
A M AT B A B Uk %A T et o A il sk A
il TE B X 51 W) A7 i b 25 A S 8 53 19 A JC  TE AR W]
TEHRAE E LAY AT IRAE Y 1, Jo ™ 14 i
AR 0. FIH NTSYSpc2. 1 #AF i ik R AR

JEiHE SSR 5t AL AL 2R 5, UPGMA Bk k47 R 26
M. IR R 22K, R ] POPGENE version
L 315kt 58 Shannon $§ 80 (D) | JE K 2 #1445 4
CH) AR AL DIBU(Ne) 38 AL 5346 R B(Gst) Fil
FEHW (Nm) . ] MXCOMP 2 )7 Xf 2L 45 R 5 it
fEHL R B E AT Mantel &350, DL 50 58 28 45 R iy ]
FEME. PRS2 REFE R = PIOR A
PIC=1—3P}.

Py SR LR AR SRR L B Py o
55 DG G | D2 SALREH IR

2 AR5

2.1 REERBEMERSHW

2.1.1 A4 FREZRGE 2 FEWE. MM
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T 62 B0 SR AR T B A6 e R T B30 ok AR o 7
JEREE R E AR E v R TR A
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A7 A B BF STk R 72,4706, 2 DR
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ik 16. 90 %0, X AR H B K 09 4R Ol 46 7 B 7
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(0.26) ;55 6 F Lo 7 STHEZ S 6. 8096 , X H AR
FHE KB PER R R K (0. 69) 345 7 F W43t 57 57
k3 6. 46 00, 4 HLAE FH 3R I MR J2 A6 7 16 2 8K
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Table 2 Variance analysis of the morphological characters of 44 M. ruthenica
R AIPEAR -2 {E P i 2 fe/ME PN A5 5 R F
Character Mean S.D Minimum Maximum CV/% 6 56
K /em Length of blade 1.25 0.23 0.75 1.82 5.43 6.73
A5 /em Width of blade 0. 86 0.15 0. 60 1.26 5.73 9.80"
FE K /em Pod length 1.11 0.12 0. 88 1. 50 9.25 40. 00"
IR 5% /em Pod width 0. 44 0. 04 0. 38 0.50 11. 00 14. 90~
BT K /mm Seed length 2.27 0.24 1. 64 2.96 9. 46 11.20"
7 56 /mm Seed width 1.77 0. 15 1.50 2.18 11. 80 36.00"
TR T /g 1 000 seed weight 2.59 0. 35 1.98 3.50 7.40 6.91
¥ /cm Plant height 62.20 8. 66 37.10 80.0 7.18 1.82
T F 6 2= %% No. of flowers/raceme 7.67 1.35 5.35 11.3 5.68 6.45
PR AET B No. of racemes/twig 32. 30 9.18 14.90 59.0 3.52 1.81
AEJF F 1% No. of seeds/ raceme 7.88 1.94 5.10 13.5 4.06 6.73
% Leal blade shape 1.93 0. 89 1.00 3.00 2.17 3.59
£ A%, Colour of corolla 1. 09 0.29 1. 00 2.00 3.76 29.50"
%, Colour of leaves 1. 34 0.47 1. 00 2.00 2.85 4.46
A4 > M Growth habit 1. 86 0.35 1.00 2.00 5.31 23.30"
R3 BEERBEUERM 7T ANERSAFEREMTEHE
Table 3 The component scores coefficient matrix, eigenvalue and contributive
percentage of principal components of M. ruthenica
RAPER ®1EMS W2 EMS 3 EMS B4R 5 EMS e B W7 EMS
Character PC1 PC2 PC3 PC4 PC5 PC6 PC7
M Length of blade —0. 04 —0.08 0.18 —0.35 —0.13 0.15 0.19
%% Width of blade 0.16 0. 26 —0.02 —0.10 —0.01 —0.16 0.33
# K Pod length 0.06 0.19 —0.01 0.03 0.14 0.69 0.17
S B 56 Pod width —0.06 —0.02 —0.29 0.11 0. 27 0.08 0.32
Fh 7K Seed length —0.21 0. 30 0.11 0. 04 0.09 0.11 —0.02
¥ 98 Seed width —0.21 0.18 0.25 0.02 0.01 —0.12 0. 15
TR JFH 1 000 seed weight —0.22 0.13 0.14 0. 26 0.18 —0.02 0.02
#5 Plant height —0.03 —0.11 0.22 —0.17 0. 38 —0.32 0.22
A6 ¥ 16 2= %k No. of flowers/raceme 0.10 —0.13 0.25 0.16 —0.12 0.01 0.48
PR 4K ¥ 81 No. of racemes/twig 0.09 0.02 0.27 —0.06 —0.03 0.15 —0.32
TP %% No. of seeds/raceme 0. 25 0.15 0.14 0.12 0.16 —0.14 0.08
-7 Leaf blade shape —0.07 —0.19 —0.13 —0.03 0. 26 —0.10 0.20
{£ 1%, Colour of corolla 0.01 —0.18 0.12 0.28 —0.31 0.15 0.31
{6, Colour of leaves 0.07 —0.22 0.11 0.18 0. 36 0. 26 —0.13
A4 2 Growth habit —0.01 0.12 —0.11 0.39 —0.16 —0.23 0.01
B4 A Eigenvalue 2.87 2.07 2.02 1. 64 1. 46 1.16 1. 10
P2 5THRER/ % Individual percent 16. 90 12.17 11.88 9.65 8.61 6. 80 6. 46
5k %/ % Accumulated percent 16 90 29.07 40. 95 50. 60 59. 21 66. 01 72. 47
2.1.3 RESH miE U RMIERRE ISR 2l 5B IV B 2 N ERE R TS BT

(B D R e LA R KON 0. 19 1, 44 4> i 15
SLIERERTRI O 8 A JEHE B T RAEALAR 1 5 25
T RS 23K AP S B MR R T Y 5 e 7

L I AL EE 25 AR RE. ok A TS 8
REBEN R 6 A EHE A S AR TR 7 A SRR
SRR 5 AN JERELL B i 7S Y 3 A s FE L
A 1A ERE AL TR 1A FERE 5 AR 2 4SS BRI
SE I A L HE T SRERT LAy 2 S RE L5 1 A
BLAE 8 AR 2 WEARALEE 17 SRR 2R NI JE 0
LAE 2 AN ok BT S B R L A 5 AL

WL JHEE T PN 52 oy BRI 2 35 T 56 V R E AL 8 A
JERE 430k B F NS E A S S L A
DINGSE g ey N b SCRE N S iy )
HRRE L LU PG 2 R R T L A T AR DR P R AL 1k B A
VIZEREa G 3 N ERE R NS A TP N5
FUMRBL T L PG 48 0 K B 5 55 VIS8 A A VI S8 45 5
Sk AN S B R E B 16 45 A L PS4 K TR
L 38 5 FE B W) LA B B SR OO0 RBGE . B A
LR BUR KA E R A NS H O EEY 3 SHits
ST B Y 18 5 R A (9. 946) , H st % HE B
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Fig.1 Dendrogram of 44 M. ruthenica derived by UPGMA from the phenotype data

Notes of 1—44 same as table 1

2.2 RIEE SSRIRIEHHT

2.2.1 SSR A28 % Ao ifE 5 DNA
) ODys0 /ODoso 75 1. 8~1. 9. F W i f5 & DNA £ 5
4iERENS H T+ PCR ¥ 8. LUOH &%t 19 16 X} SSR
FIYIXF 44 A AE AT PCR 735, 45 R UL 3% 4 1
2, HIER 4 AL, JEAG I ) 119 A5y JE ], Horp
ZAMERRIC 96 4, 2 R R 80, 700, F- Hy g4

300 bp

200 bp

100 bp

50 bp

ST R A EN N 6 A K5y
MTIC432 4" 3 7= A= (i S5 H N Bl 2. 10 14,
LG BT B RN TR A 5 AR R AR —
NEFR., MEAFAILI6 XS hEZ B EE S B R
K R MTIC77 (0. 49), 5 /N [l 5 MTIC347
(0.15), ¥k 0. 26, £ B 16 XF 5|9 Al LAk 44 4~
it 4 LJE B R R AR M L

M1234 56 78 91011121314151617 1819 20 212223 2425262728293031323334 35363738394041 4243 44

Bl 2 MTIC272 5] ¥y i #5404 7 40 ) i ok [0 3%
L~Ad BRHi 5 . M % 1: M. DNA Marker
Fig. 2 Amplification results of MTIC272 of M. ruthenica
Notes of 1 —44 same as the table 1; M. DNA Marker
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Table 4 SSR amplification results of M. ruthenica
o JR— PR— ZERLEY ZEREAR
Primer Total band Polymorphic band € percentage of Polymorphic information
polymorphic bands content
AWS584539 4 3 75.0 0. 30
MTIC347 4 3 75.0 0.15
MTIC258 5 3 60.0 0. 26
MTIC77 4 4 100. 0 0. 49
MSA13293 6 4 66.7 0. 30
BI4BO3 6 5 83.3 0.43
MTIC183 8 5 62.5 0.27
MTIC249 6 5 83.7 0.30
MTIC27 7 6 85.7 0.32
MTIC272 7 7 100. 0 0.40
MTIC189 10 8 80.0 0.34
MTIC237 11 8 72.7 0.31
MTIC93 12 8 66.7 0.32
MAL369471 9 8 88.9 0.25
MTIC451 10 9 90.0 0. 41
MTIC432 10 10 100. 0 0. 26
SE Mean 7.4 6 80.7 0. 26
Bt Total 119 96 4.14

Shannon 501 Nei’s 5 £k AT LS i 2% 45 1Y
Fom FRAE  SOAT LA W SRR B L T B R R )
JE R 2 REER 2 DN EEARAR . B Nei’s 45 50fl
SAC T o AE A R R () g 35 DR 22 i 1 LA () A7 i X
FEHZ R TEOR A . i 35 nl AL 44 DR TE
F£5 163354 SSRIAMERSHMIER . BEUEMEFEF Shannon 15H#

G 2 A FE Bl 0. 237, (R Ik R
F0. 474, F P K 0. 556, A RS B R
1. 363,Shannon #8444 0. 382, F B 44 g 15 S Ffp

T A — E T B 8L 0k

Table 5 Effective number of alleles,Nei’s gene diversity and Shannon’s information index of 16 primers
519 R Z Mt A5k FEH A RAFAL Shannon

Primer B H R Gst Nm HHE Ne ik
AW584539 0. 245 0.423 0. 682 1. 390 0. 389
MTIC347 0.073 0. 456 0.596 1. 080 0.157
MTIC258 0. 180 0.455 0. 600 1.242 0. 305
MTIC77 0. 369 0.497 0. 506 1.616 0.551
MSA13293 0. 260 0.420 0.690 1.382 0.419
BI4BO3 0.234 0.484 0.533 1. 369 0.378
MTIC183 0.293 0.401 0.747 1. 463 0. 454
MTIC249 0.267 0. 316 1.082 1. 462 0.409
MTIC27 0. 289 0. 386 0.795 1. 469 0. 450
MTIC272 0.175 0. 389 0.794 1. 253 0.299
MTIC189 0.276 0. 396 0.763 1. 407 0.443
MTIC237 0.223 0. 407 0.729 1.314 0.371
MTIC93 0.215 0.505 0. 490 1. 316 0.353
MAL369471 0.262 0.434 0.652 1. 426 0.414
MTIC451 0.261 0.408 0.725 1. 404 0.415
MTIC432 0.166 0. 376 0. 830 1. 231 0. 282
S Mean 0.237 0.474 0.556 1. 363 0. 382

2.2.2

WA AT SSR Z5 R K] 44 A e

15 st A AL R R 0. 048~0. 309, 5t 1 AH L 7 4L
BN SR [ NS P S ERBID Y 2 5 e R A
0 5 R B ST B R 7 T2 (0. 048) , HE s AL HE B e, 1
e R BL R B R AR 5 38t 4% AH DL 3R B30 K2 ok A N 52

WAL R 25 S EBE SR A NS R E 1 32 5
JERECO. 309) , Hoast 1% R B 45l o 5t 1 AR DU B o e
R EHH  SSR BALEE (A 3) %P, SSR
FRic alfE 44 A fE Sm B A X F . L0, 732
A 44 A A R ERAR LA 4l 8 KR

2.2.3
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Notes of 1—44 same as table 1
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