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Abstract. To provide genetic markers for the study of ecological adaptability to responsive
drought- and salinity-stress for Medicago ruthenica Trautv., we selected eight pairs of good
polymorphism and high stability primers from 70 pairs of drought-and salinity-responsive EST-
SSR markers published for chickpea. DNA sequences were amplified with eight pairs of SSR
primers by SSR-PCR technique. One hundred and eleven alleles were detected, on average,
13. 88 alleles were detected per site. The mean values of observed heterozygosity and
expected heterozygosity were 0.497 and 0.687, respectively. Polymorphism information
content value ranged from 0. 313 to 0. 883, and the mean value was 0. 649. These results
indicate that the eight EST-SSR markers can be used to estimate genetic diversity of M.
ruthenica, and genetic diversity was at a high level. Polymorphism EST-SSR markers can be
used to investigate ecological adaptive evolution. The results contribute to revealing the
genetic variation of drought- and salt-tolerance genotypes and understanding the distribution
pattern and ecological adaptation mechanism of M. ruthenica populations.
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Fig. 1 Locations of the 11 populations in present study
(Population code as listed in Table 1)
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1.2.1 PCR ¥ i

H i Be g 14 38 i 3R A B 6% X = (PCR,
polymerase chain reaction) 7& #AE # AL L 17,
PCR [ W & & S KT 10 pb, H P a4E 1 oL
10~50 ng M DNA, 1 uL 10 xreaction buffer,
0.6 uL MgCl,(25 mmol/L), 0.2 uL dNTP (4#
BREHR BE 10 mmol/L), IE 51445 0.5 ul
(5 wumol/L), 0.1 uL Tag DNA fif (5 U/uL,
invitrogen) , PCR & M &% : 95°C T A& 4 4 min;
94°C7EE 30 s, 50°C ~60°CiE k 30 s, 72°CHEA
30 s, 32 MEH; 72°CI5 4EH 8 min,
1.2.2 S|¥RMNBRENTHE

MJEWE T ( Cicer arietinum Linn.) B3T 5 £h

(4 177 X+ EST-SSR #ric! " HblHLEEHL 70 XI5 %)
AT A R, B & A% 100 umol A7k, HX10 ul

L”ﬁ—(@ﬂﬁﬁzs umol MG Wi, &M, S5
SR AR BE 5 04 5 1% 0 ) 45 5 1 1 )R TR B
— MR, 51PIR JOR S B E 50°C ~60°CZ
[B], SIXF A 51 Pk B 54°CHE iR kiR,
FRARYEDY 4 25 X455 1 iR R TR 3%, LA
ff o iR KRB
1.2.3 PCR F=#IHEXNE

PCR 7= A I, SR FH A2 1 3R TN s T i 2 st
FLUKAR G AG I . A 3/4 RBLAY AR P 'J(98%Eﬁ@%
iz, 10 mmol/L pH 8.0 EDTA, 0.05% J& Hj % H
0. 05% _H 78] ) , 95°C 2P 5 min, HL 3 uL*:!?nn
TE 6 %738 11 5 N 445 ot g B2 JC (B 100 mL BERSIA I
30% A 45 Bk e 5 W 20 mL, 5xTBE ¥ # 20 mL,
10% et B FR # A W 0.7 mbL, PO H 3 2, — M v Wik
35 L) LHLYk, HLVKZE R 1 xTBE, HIKTES
—HLKAY EHEA T, TiEfEE 55 W, HL KT [RIAR 45
Hi H B/ 2, H 25 bp DNA #xic ( Pro-
mega, Madison, WI, USA)YEF=#) B Bt K /INEg X
WA, FUKES R E Y W, Y5 Sangui-
netti 25 TR, WISl

B, kALY, EEATAEY TR
( i) et A BRA Jl A 651
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WKHRLL I PCR WK R K WAy, XF 11 &
286 MMARIA T4, A TAY TR (1) ik
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Table 1 Locations and habitat characteristics of the 11 populations of Medicago ruthenica
SR SRR 4 i Zp AEHIFEK (mm)
Population code Population origin Latitude Longitude Annual precipitation
MZL 52 L EF L Manzhouli, Inner Mongolia 117°27’ 49°33' 304
KQ M5 T TEE I Hexigten Banner, Inner Mongolia 117°31/ 43°15’ 383
HH M2 T A AR K 7 1 Dagingshan, Inner Mongolia 111°41 40°54' 400
DL PS¢k LB Dali Nur, Inner Mongolia 116°47' 43°16’ 110
MX PuJi % £ Maoxian, Sichuan 103°50" 31041 1087
XLS Hl 24l Xinglongshan, Gansu 104°03’ 35°47’ 378
NN BepiE % Nanniwan, Shaanxi 109°38’ 36°19 505
BDH LT Beidaihe, Hebei 119°27' 39°50’ 653
JN IZ: ¥R Jinan, Shandong 117°02' 36°37’ 674
ZW LT Zhangwu, Liaoning 122°30' 42°31’ 518
ZL HAREPE Zhenlai, Jilin 123°00’ 46°06' 430
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W3 i) MMA%L (number of tested individuals, N) .
WML 4l 4 ¥ (observed heterozygosity, H, ) Fl Y]
I JE (expected heterozygosity, He), EATTER
S PR B B — AR v i PR I A (o7 SRR 4l
R R AR, 2815 B & & (polymorphism
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M: DNA #ric, BEIHET3os i BoBE, 540728 bp,
M. DNA Marker. The numbers in the figure represent
the length of fragment, unit is bp.

2 5|4 ICCeM0146 £ 54°C(a) #159°C (b)
Ry R
Fig. 2 Results of SSR-PCR ampilification at different
annealing temperature (54°C (a) and 59°C (b))
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SSR FRic ZEAL Y 286 AR SR RAT 111 44
PR, AR 13. 88, PR RE
JER 0.497, FHFUNIE R 0. 687, Z8MF A
0. 313 3] 0. 883 A%, HH ICCeM0083 #x
1, 1M 1ICCeM0063 ik, “FH#{EH 0. 649,

3 g

EST-SSR 5|# i T H kI T R K KK ¥ 51,
L3R 51 14 A <1 A BE AT SSR R Ak i e M vk S
#al—Fh EST-SSR 51448 A [a] 9 Fh [ 14 388 FH o
40. 7%/NF ) EST-SSR 5 IIHE KAz | #edr | Az |
KRR Tk A Bl PET . R E 5P (Festuca
arundinacea) 1) EST-SSR 5| ¥ 1E /K R Fl /N 2w i)
PRI R 59% F 71%%2) . MAEA S2 8 70 %
S, R 21 X Y, A 30%, il
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Table 2 Characterization of the eight polymorphic EST-SSR primers

GlE/E R ElE gl BAREE(°C) I HA Jr Bt (bp)
Primer code Primer sequence Tm Motif Expected size
Coaooss  CIGTGTGCAGCTGARAAGGA 2 (OETATCRZ0 180210
ICCeM0058 éﬁggﬁﬁ;%gg%ﬁgg%iﬁTAAACA 59 (AT) 16 261~290
ICCeM0063 ng(? ATAT,STCTAGAAAGGGCGAXXSAE%AG A 50 (TC)12 230 ~260
ICCeM0083 ?TACT g g’;(_: AGTAC\:TGC:(?_ITT%AC%%A 50 (AAG)B6 210~251
ICCeM0165 ?g?gfggé:éégiﬁ?éggéé 50 (ACC)6 170~180
ICCeM0091 $8:S}S:gﬁggégii%i%i$ 52 (TAY9 270~290
ICCeMO105 CTCCACCTTCAACCACGTTT 50 (AT)8 251 ~270

GGAATGGAAGAAGAGAAGGGA

® 3 BIRCHFMEEFERS

Table 3 Allele frequency analysis of the eight loci

Gfid KA IR B2 2AHA

B W A A o
A N Ho He PIC

ICCeM0055 20 271 0.528 0.683 0.638
|ICCeM0058 20 265 0.581 0.807 0.784
ICCeM0063 4 286 0.378 0.364 0.313
|CCeMO0083 25 260 0.654 0.894 0.883
|ICCeM0146 16 270 0.444 0.783 0.754
|CCeMO0O165 8 285 0.411 0.664 0.608
|CCeMO0091 9 280 0.454 0.660 0.605
|ICCeM0105 9 283 0.523 0.639 0.604

Mean 13.88 275 0.4965 0.6867 0.6486

e A, TEFTA JE R b DN 20 i 55 A 5L 8 N, A A 1
B Ho, WERGE; He, BUIAEIE,; PIC, 281

P =N
B,

Notes: A, Number of alleles across all populations; N,
Number of tested individuals; Ho, Observed heterozy-
gosity; Hg, Expected heterozygosity; PIC, Polymorphism
information content.

PEORAG, BREBEVLEEREINZ, BA X O 2544 n
SEAGR R PTG RO TR IR H SR T RS 5T
LR, WX IR T B
EST-SSR 51412k A & B & 57 B9 DNA 5 5% X,
HiE R 2B MRS AR TR A4 SSR frid,
X DX 43 55 25 5 ZR 80T 1) 3k PR 78 RAEUREAS I TR 4]
SSR 224 R, R ESE FIH 12 XF SSR 5]
WHENZH L E TS 4 R HE 148 o ARk L3k A5

66 sk, FH SN IER SR 5.5, AR 8
X EST-SSR 5147E 11 AR #EY 286 4NN HE3k
BT AN AL, P AEREE N 13.9, F
JEEABEFE A SR AN ST H R AT A, RS
W L FRFEA LU B A TAG ., P T34 S L R ik
o, HERSET L 21 15 K N AN [) 3 PR A g 3 R 4
DNA AR 3 51 e B 30 %t £ &5 iy EST-SSR 5|
P 30 XFHE AL SSR Gttty i, AL T4
WlE/R . K5 EST-SSR HIE 4] SSR 7 it FE K
AU Z2 M BOME 53 0. 55 F1 0. 44, — 54
N ZBIEKT 2R AR, PR, EST-SSR
FETS AL AR A3 B i v [ AR ] L 51 g o st
75 SRR

S YT A% A B T S R AR 114 38 £ — Bk 1
JEPT PR A A RE R, S WO AR Y 3 A —
HERARAE, Hak e ZRerh i EE  mARGE T
I, 1CCeMO0063 i - ¥4 1l 1 2% & BE (L me fIk, A
0.364, HAR7 Mric ¥ B A K m U6 5,
LG BRI T2 DNA 0 A8 SR B
R EZEIE R, SR D ERCZEE 8 &5
KF 0.5, RHZbricCHEEZENMS; KT
0.25 H/NF 0. 51, AhEZENS; /MF0.25
WF, RN AR Z A5 AL, EST-
SSR #ric 4 T ICCeM0063 1) £ 515 B & M
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{EAEASZ B v EST-SSR A ic B A 45 i 1) 2 851
—J5 T AT RE S O AR SC 56 R B 1) )& STR 4024, Al
FHEEH 1 TS F sy, XA TR RN
I TR G B L YK A T T Ty N 7 MERA R, T4
BT BER, S —Jr i, ARSI T AR A
11 AN ERE, RIS TR e E A A v L
IFH A ER] T ik R E SRR, 554
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