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H Arlequin 31 JF/E 5 7255047, 1ZH structure 2.3.4 AIFIR B RESE M 00T £5R 9 45 Wa Lyl 173 &%, £
Y ECN 126, ZBMELLEN 72.83%, BUREEFA L0 ERBER) 2 84 fELZE (PPL) 4 49.71%~61.85%, “THIZ 35
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Assessment of genetic diversity and genetic structure of germplasm of wild
Hedysari Radix based on ISSR markers

QIANG Zheng-ze, WANG Yan, LI Xu, LI Bo, LI Shuo, WANG Ming-wei, LI Cheng-yi
Gansu University of Traditional Chinese Medicine, Lanzhou 730000, China

Abstract: Objective Assessment of genetic diversity and genetic structure of germplasm of wild Hedysari Radix. Methods Fifteen
germplasms of wild Hedysari Radix . were collected from Wudu pupolations and Tanchang pupolations. ISSR (Intersimple sequence
repeat) markers were used. ISSR data were analyzed with the program POPGEN 1.32. The UPGMA tree and PCoA analysis was
constructed using Ntsys software. The AMOVA analysis used Arlequin 31 software and Population structure analysis used the structure
2.3.4 software. Results The results of the ISSR-PCR showed that 126 (72.83%) of the 173 ISSR locitested were polymorphic by the
nine primers. The change of percentage of polymorphic loci (PPL) of wild germplasm populations were 49.71%—61.85%. The
average of PPL was 55.78%. Two populations of species level of observed number of alleles (V,), effective number of alleles (N,), Nei’s
gene diversity (H), and Shannon’s information index was 1.728 3, 1.364 6, 0.224 2, and 0.334 5, respectively. Total gene diversity (H,),
gene diversity with provenances (H;), the coefficient of gene differentiation (G), and estimate of gene flow from Gst (V,,,) of cultivated
and wild population were 0.223 0,0.192 1, 0.138 9, and 3.099 4, respectively. The among-population component accounted for 16.36%
of the total variation, while the within-population component accounted for 83.64%, and genetic variation occured mainly within the
population. UPGMA analysis showed that 15 samples were clustered into two branches including I and II. PCoA and population
structure analysis confirmed the partitioning results of the UPGMA clustering. Mantel correlation test showed that there existed
middle-level correlations between the genetic differentiation and geographical distance. Conclusion Our studies showed that the
genetic diversity of Hedysari Radix populations was at a higher level, the characteristics of genetic structure included genetic
differentiation that occurs mainly within populations and perennials, which provides theoretical basis for protecting and utilizing
germplasm of Hedysari Radix resources.
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RAHINA TN, RIETSRHEM Z 75
ES Hedysarum polybotrys Hand. -Mazz. [FJTJ54R,
BT ZEEMY), ARt X BH KA S,
H—HENEEN—MIeR FREIN, (PEZ
gy 1985 SRR —H IR, # (AR E)
1998 fERRPIT#: “4I B N M, B R
ACAH 100 ZHETL, JCHUAERE. H0n oK
BLLE MRS AL (F B EE) 1995
ERRCHCER: M 1974 SETFRAFFIILIRGR, SR
Iy, ORTARHE $ah, THIRC T B A 24505 H EAG v 1
MfEie. (IRELE) 1995 ERRMHCE: “MsUa,
S RER, B2 TR, 80 AW, K
RO R T fE , KT AR 7 (B B d) P
(1986—2005) Aic#k: “1976 4, A r{EEBHE1E
PRI, 1984 55, EEAET . JHRUS)IFET .
MELEiE# AT LR, BAELRE LA 20 e 70 4
AR HAAL T BHUR B = BPIRES, BT A 9IRS,
BB = IARR B, B R TIES R 7R
o ARk, LRI EEE T TR R, 24
MR AR 5B R, Bz st
BERR BT A% A8 (5 B S B A SR AL, AN
R RAN:Y E i A ESE o S w I

B AL 22 FEVE 5 30 A% 45 0 A A AR S o A Ak R
(RN, A% 2 FEES )RR BT A R CR A AT B )
B Y, [RI EAE FRE A 38A A S A R R I A

% A ME RV B IS T AR AR . Xiao 1M
i, 1994 4F Zietkiewicz ek H T ISSR #rid
HAR, HTHATIRAEYIE £ 1 HEE4H DNA 52,
MR Z N T 2R SRERR. A S,
fie e R AR I 2 i 5 g
HHE T RIFMPTRRR . IEER, FREZEED
ISSR Aric F52 ARt H1 24 (138 4% 22 FF A 1 4 2 Bt
T, WKE BRAEITEN, e 20 AU
FLBE [ HEA, X LR TE R R ISSR AridHiAR 7
Mre il Z FEE R AR 2 AT, AR
BERURORY St A I e R A 37 5 S 1 JkAit

ARSEEG R ISSR ARicHiAR, JFREF AR
JRGHIRIB L 2540 . B Z T, IRRAK A
SR ATFPRE B AL 04k, B AR 2 R Fh T B YR I 4
N RS AR RS .

1 MR
1.1 #h5#%t

FTHY 15 A3 2S5 B3 U5 R I T i S
X Jom BB AR SRR, R R 2 K 2 S e
B AR S N Z T AT H. polybotrys Hand.
-Mazz. HIF o B REE G NS A REIR A B ] 7S
gifi iR /Ay, %S, &cEERER, '
BT, JRIRNH A R BE2Ke h 2  E  FEE
Yol =20 CUKFRAE, M. FEifE R LCRE
AR 1.

*®1 HEARMEHERER

Table 1 Informations of germplasm of wild Hedysari Radix

s KA 2% (E) 4 (N) R /m
1 HR2 B re R X 2 105°06'57.92" 33°2828.45" 1 899.6
2 HRA B re R X 240 105°06'42.80" 33°28'54.05" 1 844.1
3 HikA bt R X Sk 2 104°57'05.42" 33°25'44.26" 1874.1
4 HR A B EE i R X R 2 105°10"21.10" 33°20'53.35" 1 860.3
5 HR A B EE i R E X R 2 105°10'47.19" 33°20'41.83" 1900.2
6 HR A B EE S X Al 105°08"24.17" 33°28'17.25" 2117.9
7 HikamEtREX R 105°08'07.04" 33°27'18.88" 18399
8 Hika T REX B 2 105°02'55.71" 33°24'52.01" 20012
9 Hiha s BBEXS 104°16'54.59" 34°17'39.69" 24527
10 Hilia s BB 104°23"23.87" 34°02'47.26" 19232
11 HhasB8%e2 104°23'45.31" 34°0521.16" 19373
12 HihasBEFh S 104°27'43.93" 34°03'48.97" 23321
13 Hikas BEHINS 104°22'06.68" 34°0529.73" 1969.6
14 Hikas B8NS 104°33'39.38" 34°03'04.16" 1997.3
15 Wikt s BB InTe 2 104°30'11.72" 33°57'42.16" 22129
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SE56 FH ISSR-PCR M 1) 10 X PCR Buffer (F
Mg*") ZZ i . Taqg DNA Polymerase JH [ 1t 57 15
B AEMHABRTEAF; ANTPs IWHFIRAD)
TREAMRTEAT; ISSR-PCR MK 40 2% 51 ¥k
BWEmERIFRLEREAHK I Y, I @
Invitrogen A 7 & R RS SEALEN . BIEE CORigtTh
K FERA ) 2N (s
1107315, bR ARAF]D; Tris i (aMResco
AF, EED.

85-2 PRI FE RS (SdE T K B sk 2%
J7); TGL-13 HBHELHL (2Y-064-1, 3£ );
DYY-33A HJKFE (JbRtmii/s—{X#%) D; DYY-5
WAL (AL AN—1XE8] ); EPED-10TF L4 = 2%
HBAKEE (W O 5 RHOR AR AW
AT IEA (Rl — R AR AR A A
ASV-3023 4 H 3 R EEE (HAD; %% PCRAX
(Icyclerie AF], EED; BRBE I R2% (LFF
HTHRAF, Bio-RAD AF); BS 224 F4rHr K
F LR R RAAIRAFD.

2 HE
2.1 DNA 28

DNA $2 U7 7%R FH i) 5K 2H DNA $2 B
SR by E B BRAEMBEARERFTELFD.
BAREWT: BRFIEE, IARE 5 E &
AR, FREL 30 mg AT 800 uL Lysis Buffer
) 1.5 mL B0, F 65 C R, I 0.8 uL p-
I W, 65 C/KIE 25 min, HIE)EE] VR ST KL
Ko TN 500 L & A, 7850721, 12 000 r/min &
O 5 min, NI EJZKFFEEN—ASBEOE
o, I 700 uL Binding Buffer, 7840E%5]. RS
(PR NBS O (BT 23RN, 12 000 r/min
B4 1 mino JII 700 uL Wash Buffer A, 12 000 r/min
BS0 1 min, FFEW. BN 700 pL Wash Buffer B,
12 000 t/min &> 1 min, FEM. JEMA 500 pL
Wash Buffer B, 12 000 r/min 2.0 1 min, F#KK,
T 12 000 r/min B0 2 min, #EOHE THHE
OEY, FIFEOHS, TEEREKE 10 min, £
TR 2R . N 100 pL 2% 60 CHEE TE
Buffer, & T % 5 min, 12 000 r/min (> 2 min,
BOE R EDA BRI LR 4 DNA WK, ERE
2 30 ng/uL, KH 1%Z8 a0 S ra ik i H o &
J& 20 CHRAERFH -

2.2 S|k

M40 Z51PF, BIETEE Ry SO . fR
EPERR. KB G 9 %, [FIRHKEE & 514
FIERIR KR, 7EBAE PCR X _LREHLA B 8 1MEB
JCRFE B 52,00 52.8. 54.1. 55.9. 58.4. 60.3.
61.5. 62.0 'C), #hE &5 MR AERIRE, &
S T A S B S 1P LK 2.

*2 SRR

Table 2 Information of primers

51 5 (5°-3°)  HRIBKRE/IC  mERKEE/C

807 (AG)T 52.0 54.1
827 (AC)G 55.0 55.9
834 (AG)YT 55.0 55.9
841 (AG)YC 55.0 52.8
855 (AC)YT 52.7 52.0
856 (AC)sYA 52.7 52.8
864 (ATG)s 40.0 54.1
890 VHV(GT), 56.0 58.4
891 HVH(TG), 52.0 54.1
Y=C, T

2.3 PCR ¥ K% F=44&50

ISSR-PCR # #F2/7/9: 94 CHIAZNE 5 min /5
BEAT 34 DMEIR; 94 CANE30s, JEHAFIER KR
EWGIE M 45 s, 72 CZEH 2 min, EALEH G
72 CHEM# 7 min. TE&H EB 1 1.0%F S IR Bt/
RV P LK 2 B9 ), SR ] DNA Marker (DL
2000) {EARXT T HEARS, WEFEHIHEIEN 140
V, HLYKEFIAIY 120 min, FEYKEE G 7E 58 AMEER i
BARG IS, T RAE
2.4 HIEALIE

K NLATE, LEBIRPEEER B vk B b
fE—2% (DNA R BO ¥WA—"M o Fhrid, HRE
1 SIS AL RS2 T hRic A T3 2
P AR “0/17 FEFEEdE, A 1AM BT
N1 GRS RS9 IR N 1D, TEAFd N 0, 1Y
10 AL SEEG b R] B RS E I 4 F T80 O
Mo “01” HFEEIE S iH45 5 K Fl POPGENEL.32
B EZ SR A E (PPL). S5 475 K 4L
(number of alleles, N,). A REEAFEKFEL (effective
number of alleles, N.)+ Nei’s 2= [H 2 FEEF52L (gene
diversity, H)+ Shannon’s % #1415 .45 %4 (Shannon's
information index, 7). Nei’s & A 7 b & %
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(coefficient of gene differentiation, Ggy)+ JERFEIE
Z % (total gene diversity, H)« JERFA LA 2
FEPE (gene diversity with provenances, Hy)+ &R
(estimate of gene flow from Gy, Np)- Nei’s iHifE—
HEMBEE R (D) Fifk 28, A
NTSYS #fF#E4T UPGMA 5 PCoA 4p#r, KM
Arlequin 31 JFRES; TR0 (AMOVA), i&H
structure 2.3.4 BAFIF R R RELEF 73T

3 HBRHH
3.1 EEZHMSN

519 855+ 856, 891 ¥ L5 ILKE 1, %5l
Yy B AT BT LK 3. 9 &SIE I 173
S, ZMEAATECN 126, PPL N 72.83%, B4
LTSRN PPL 7E 49.71%~61.85%, “F-# PPL N
55.78%. PPL EUER/EH#f =T 4 B S

B AR L Z S HONER 4, R
4 ATEN, LRI SRR K () N, A 1.728 3,
N. N 1.364 6, HJ90.2242, 1590.334 5, BEa0#
RIS E 2 RS HO S T B ERE. A
CLESFRHE I I8 A% 2 BRI AEAS R (0 40 A X 3R 2=
S, (R IE R E AR AR R 5 AR SRR B, &
DR S

AR 75 8 FHL B AL Lo R
W, 2 MM EALRR HoN 0223 0, Ho N
0.1921, G4 N 0.1389, Ny~ 3.0994,

T DI ERET A RS o B AR E R R RE
GRF, X 2 A EFER L PSS Sagt e — U T 4
B, RILRHERES 5 B JE #2808 4% P 2N
0.079 5, L —EE N 0.923 6, PHEE AR IEE
B B EBISRG R R BA — e ER .

3.2 UPGMA BE5Hh
UPGMA 73 i g5 1R (K 2), BpAa i Kfmif

A M1 2 34 56 7 8 910111213 14 15

250 bp =

125 bp=

1 2 3 4 5 6 7 8 910111213 1415

c ‘M1 23456 78 9101112131415

Lol

f -" -h u '.g-' —
600 bp i L& W et
500pr! - ‘.n - -
400 bp : -
0o S H TH B

p'p. .. :-..
200 bp '

100 bp 4
M-Marker 1~15-Ff #4455 1~15
M-Marker 1—15-samples 1—15
El1 3]41855(A). 856 (B). 891 (C) ¥ iR
Fig. 1 Amplification results of primes 855 (A), 856 (B), and
891 (C)
BRN22 074 40, 1. 20 74 8. 9. 104 11, 12,
13, 14, 15 BAE—FK (D, BARHE R R
AR, XAEE B EFAME, [ 1A 508 2 2K
(0.764 4>, 1. 2. 7. 8 N ik, B EA

®3 9K IBARE

Table 3 Amplification sites of nine primers

PR PRI
FBIRMO g a7 s 317 841 301855 A sse a0 A rme sl
>2 000 0 1 0 0 0 1 1 >600 10 9
2 000~1 250 4 3 0 2 5 3 3 600~500 2 2
1250~1 000 3 2 3 3 2 3 3 500~400 2 3
1 000~750 4 4 2 2 3 1 2 400~300 3 1
750~500 3 5 5 3 4 6 2 300~200 0 2
500~375 4 2 2 3 3 4 4 200~100 1 0
375~250 3 2 4 2 1 1 4 <100 0 0
250~125 2 2 3 2 0 1 1
<125 1] 0 0 0 0 1] 0
Bt 173
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Table 4 Genetic diversity data of germplasm of wild Hedysari Radix (X £s)
R MRS ZXMAS PPL/% N, N, H 1
T 8 107.0 61.85 1.6185+0.4872 1.3595+0.3752 0.2109%0.1979  0.3174£0.2809
HE 7 86.0 49.71 14971405014 1.2971%£0.3702 0.1732+0.1989  0.2596+0.2850
Fy 7.5 96.5 55.78 1.557 8 1.328 3 0.192 1 0.288 5
WyFhoK ¥ 15 126.0 72.83  1.7283+0.446 1 1.364 61+0.334 7 0.2242%0.179 7 0.334540.253 3
1
; — 7 0.351 ; 1l
2 &2
g g
9
1 —10
| 1 0.201
i 12
11 13 8
15 i
14 o
11 3
4 g 0.05 49
— 5
6 4
0.69 0.74 0.78 0.82 0.86 ‘ 13
LR 6 10
0104, 2
2 FHHLARMREHEAN UPGMA 4 12 Aﬂllil
Fig. 2 UPGMA tree based on ISSR data of germplasm of
wild Hedysari Radix 025 15
NN . 045 026 008 0.10 0.28
&, 9, 10, 11. 12, 13. 14, 15 KNii 3%, YANE Dim-1

BEREAMAE: 3. 4. 50 6 A 2 28 (D, AR
HJE BRI B AR LR R AMA . IR R, B AR
RS BERARRIE N 2 25, HRIHAE
Bk, HE BB BT E M. W
b FE PE B 54 R B Y Mantel-test AH AN A
L, TEPIRPKP bt P 2 5 Hh P R B0 vh SR A
% (r=0.758 7, P=1.000 0), ilF T UPGMA 4}
WSS, 2 B B A 21 BT 5 Jos i () 1 e 2 8 5 ]
e HLBE b R AR [ B R R
3.3 PCoA ##h

PCoA /e s (K 3), A 4 NERSH
FHEE 7358 0.779 5. 0.498 3. 0.388 4. 0.336 5,
TR P 5N 21.04% 13.45%. 10.49%. 9.08%,
AR ZE ) 54.07%, SR s LD ) ISSR ARic /%
AR PR R 2 R ) 0 A L. PCoA 3T ¥\
NI AL R RIS R, 5 UPGMA
P ESNELE S TYi P
34 &
AMOVA)

S A 2 BB R A ) 2 AR e A AT 4 RN ER
5, ATRNHORE BT AR 2L R R0 R R (] (A8 59 16.36%

T 54547 (analysis molecular variance,

3 HETEMBRERT PCoA S

Fig. 3 Distribution of 15 wild Hedysari Radix genotypes by
PCoA analysis
(P<0.01), FHFNAIAZR L 83.64% (P<0.01),
WAL S R B R AEAE RN .
3.5 ERHIREEMST

K H structure 2.3.4 BAFHT T 15 B AELLE
PR RIR RS R, SR 4. BE bR
Burnin J&#KE A 1X10°, MCMC Reps J9 1X 10%,
X B AE AR EATARALL, K N 1~15, XA K
HEE 20 K. S HTRY, AK s EdR
T K=2 Wi tEE, I HRX MR 2 AN
IZH, WEZRH 15 ANEFAR L0 EM BT a8 A% 45 F R 3L
3N 2 He MBI 4-D AR, 2 K=2 Il e
HHEBERIFAE 22T, IS8R5 UPGMA.
PCoA 74 e — 2.
4 g

A S0 B AR 20 ROM 5 BRI AR 2 RS
B ERESE BT T 0, 9 REIME LY R
173 265641, 2R EON 126, 2R

72.83%, HUFEEFAE 2T B PR EE R 2 S AL S EE RN
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x5 FHEAKMEMEN AMOVA
Table S AMOVA of germplasm of wild Hedysari Radix
A2 SR FI P TR A E A% eS|
Jo& 1] 1 50.989 4.053 4 16.36 <0.001
JEHEN 13 269.411 20.723 9 83.64 <0.001
S8 =8 14 320.400 24.777 3
40| A B
\ —400
8
\ <
30 % 600
Y \ 2 -800
Ry &-1000
a 7 —1200
10 < 1400
' & —1600
0 P = _1800
2 4 6 8 10 12 14 0 5 10 15
K K

v | % B
D ﬂ ;ltllfrs Fogy | — -
/ \\
// \\
/ \\\
2 H [ e
Cluster 1 Cluzter 2 e

A-7E Strucure M P EGE A RS ERK K E  B-RA K ERMATHBERERPEM 2 C-K=2 IN5HE D-K=2 M=FMEK

A-K values for different numbers of populations assumed (K) in the Strucure analysis B-median and variance of estimated probability value for each K value

C-bar plot representation for K =2  D-triangle plot representation for K=2

4 FFEORMBRMEREN

Fig. 4 Population structure of germplasm of wild Hedysari Radix

49.71%~61.85%, “FHZEVEHFN 55.78%. iifh
ST HEGRER, RMBE P SEIIMIKER N,
N 1.7283, N. N 13646, H 502242, 1503345,
Yao 252 UREFU R B 4 A HORHET AR H B AR 70 M AMA
) HAERT TAE 52018 0.268 0+ 0.415 0. Ruisi 4507
KIS RHEY) Hedysarum coronarium L. 1] 36 ~H
SRR H O T AE Y5009 0.18+0.18 AT 0.29+
0.25, W, 5 G R WY H 5 X Hedysarum
coronarium L. FEZEUMH L, B £ 20 WFh 5T FhAEY
WL ZREME K5 . Huenneke™ ARy, FhER
fEZFEIBR T, & N PR R D g . T DA
PATVONEF A A o e b [ H i Tt X =

i R RAFRE R, 72 20 D 70 FARH L
i FR) B A 40 B B IR R AR ) TE PP RAZ S X
AR LR 8% 22 PR PRSI BN o

ARSI TS R B 7R, 2N AR AR
THERER, FERAERR B SIS
THERR, XS5RAN “PHILKZZ” “K6
ZLUC7 WIEHLPE RS — B, iR I ECAR T AR T
BRGNP B R,
PRGR R A WAL I J stk — BUR R — 2=
Stk el E R R A R B B X, [
I 25 ST AL WP AR HARIE I DT s (29 100 48D,
FHE T S DX AT BE D9 £ R A A i R ot X
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WA T R BoR, BUREEF A 2L BT
Gy A 0.138 9, BFAELLEHMIT 13.89% 115 4% AL AF
TETFEEN], 86.11%M B & WAFE T FIEEN, 5
By AR 2D M T MR R 2 T S A A AR — 2,
ML A THATEMAFRNGERSZ
M AR 8% 2 BEVE BT 0 45 B AR Y.
—ANIFRRREE A B AR Z AR, B T IR
BEARR RN R IR, Wit FEAT PR AR BRI
BRI E PIRIG T, NOZAE B AR 4D B A X AN A
(1) JE T 2 AV 22 PR G BT A 4 B M AN, DU
A 25 Hh A BRI R 7 BT AR 4T B U,

AR LR N, N 3.099 4, FHIEFAE LR
JREFRIEI N> 1, IBAREAR S5 R 25 5 | G i) st
e 22 FEME TR BRI IR IR A Rt 1P st
PRI A% o0 A £ B A TR B 2 4R 1
R .

UPGMA. PCoA 5 J& 4514 73 #r 35 3 B HURE
PP A LM 0 2 2K, BRI AR B
MVBLR,  FEI&AE TS ) F T b B PR B 1) 43 AT A )R
M. BARRIMAE 1R o1 KM, 18
Py Gl A, SR EATT 2 SR 40k R,
b e b 2R PR B 5 I 1 AN A 2 () b 3 R R0
i RENEEBEMNME, WSS ERRNA
2 BSR40 R,  HhRsHh B PR B R B i1 28
Pz (A B B B T s 11 28 4 ANAME Nk
HJEBEAR, RIFHAMEZ MR RIRE,
B I EE B R B 11 2K 4 AR I Rl B B A
Bk, FRIX 4 MR —K, BaRlE
T 2RI 353 % BE B8 4000 , U B 4 o T R 5 R
PRI AE(S B B LR ERE, AR
S A 2T BT 5T B IR S TA) A7 E RRR R g b P B B AR
AR, Hepg o R/MENE, W T LR
(1) JiR IR AT e AT 45 B b X1 G B g L Vi AR A
(1) by 3557 B BELAS 1 S [P [ Jo 55 9058 1 26 R =2
i, IX AT RE AR 35 A 43 Ak 32 B A T AR P 1 R
Kz —. tbAh, Mantel AHICHEA I AR DL, BEAHAH
52 PR PR 2 5 rp SRR (0 AH DG 1
AT 1ht R B A 21 B o 2 [) b B P 25 ) R A2 B
AR LT EM T R AR AR A AT 2 BRI

gi BRIk, BUREEF AR 4L BB R B A R E 1k
ZHREPE, BRI 2RISR b R B R AR AR
W5 Z AR, BRI B S Hh PR B2 (Rl A7 A
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