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REE . BT M ARAK SSR 7 T FRIC A TS S i BT IR IAL 2 AR A 31

U790 HAT cpSSR L) iz B B M A i 4%
ZAEVEROL, FREELEA AT, PRI S SRR R St
AN ARV T 7T o IR ARG T A TR A 4 i
B S AR L R TF K epSSR 73 Fhrid, A
SR RS AL S B 7, R R R B R A R
I A S 2 B i ot Aok 0 B4R 1 60 1) 2 115 44 R
i

A6 AUSCER B 150 4335 2 Bl i 58 98 A 44
K, R AT S L IR 49T 78 H R [ cpSSR
PRGN, X 150 478 S0 AP RHEEAT 8t 4E 2544
RZFEVE T, DA 9 SR i 28 U5 R FH B A R
Fhidk B et — 2 i FIR IR .

1 MRE5RE

1.1 FEMAS DNA H2E

RIGFTEM BN 150 752, T, k.
TLIFI N 57 55 9 N IX 1 15 A= ol R A1,
PEHPERE WL 1, JFF 2017 SRR T L PR K
ARl GARIG . T 2019 4 7 HIRBGE B4
Bl AN HIBENLIEE 10 £k, FITEK 2R T
i L T e R e SR )0 () A R R S E 2
KR I CTAB J£R4% 15 2 5L K 41 DNA #4742
W, 0T DNA 3 B AT &3 AT R, $2H (1 DNA
BT -20°CHRA7 %%

x1 EHEHRERER

Table 1 Source information of S. flavescens
Fi )i Germplasm HKiE Source 2% Longitude (E) 2% Latitude (N) R Altitude (m) FEAR Sample
HD VAT AR HEHE T 114°03'~114°40" 36°20'~36°44' 1899 10
THP WLEE R 2 B AP 112°26'~113°22' 36°39'~37°08 1069 10
XHD IR e R = i ot 112°26'~113°22' 36°39'~37°08 1069 10
AG A 2 E 115033 38°42 32 10
WGS IR KA T A AT 113°01'~113°40' 35°50'~37°08' 976 10
CF REFEpiN ] 116°21'~120°58" 41°17'~45°24' 1000 10
TG i KA X 112°28'~113°01" 37°03'~37°12' 808 10
BJ B pti4g £ XS T 106°18'~108°03" 33°35'~35°06" 618 10
YL B 45 i bk T 109°77' 38°03' 1000 10
PY IHARE T EE 117°37 35°30" 146 10
LY R B YT 117°24'~119°11" 34°22'~36°13' 88 10
LNJZ LA 121°51" 41°31" 23 10
BZ G =T 115°53'~116°49 32°51'~35°05' 35 10
SY TLIRE IR 118°30'~119°10’ 33°53'~34°25' 5 10
HNJZ TR 113°26'~113°40" 35°10'~35°21" 91 10

1.2 EHSMHRAERELA SSR 5|4 iE

AARIGFITIE cpSSR K T A IR ZH ik 1 7
SR R4 (GeneBank & 555 : MN205931) (23,
A MISA B AFE2OFF & H T 104 A cpSSR A7 £ 1
Iy A G LB ML B A 18 4N cpSSR 71, FT
Ja 82T, FEARPE 18 4 cpSSR A7 45 FH Primer 5
witsl, SIEEREE L 2.
1.3 BHIFHIR G R A

XTHRHURI 2 DNA PR TARE, SR— Wik
N 100ng/uL K%, #E4T PCR 14, PCR MR &R
10puL, HH1752 DNA 4% 1uL, 2xEs Tag MasterMix
SuL, 1E[A 514 0.5uL, 171514 0.5uL, ddH20 3pL.
PCR ¥ 34 [ N FE 7 2500 94°CTIAE M 2min;  94°C
A5 30s, 55°CiB K 30s, 72°CIEfH 30s, 3L 32 4
E¥R; BeJa 72°CLIEM 2min M fRY G52 % . PCR

PIEE ARG, K PCR P9 se Bk . FiE ALK
B, T 4°CHRAE & .
1.4 ESMEFEFEEE SSR NEMERBIKTHT
4 PCR F=W) 9 & 5 B 21 0~50ng/uL i P
FIH B H: DNA/RNA 40 #r & et i Lk A MCE-
202 MultiNA #F4T B405 HBIK 70 B . HLVK &5 R AE
MultiNA Viewer # A AT o] AL AL R, MHERAS
BAS YIS BN, AT S
1.5 SSR #ESit
I GenAlEx 6.5031271%f 18 %} cpSSR 5| ¥ A1l
150 7385 2 B o1 B2 U8 R 163 4% 22 R FIEEA% 23 2k 4T
3T, PAFIE SRR SR EL (number
of alelle, Na) « A A7 JE K4 (number of effective
aelle, N.) . Shannon’s {5 2 f8%{ (shannon’s

information index, 1) « Z 14484 (diversity index,
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Table 2 Information of cpSSR primer

74 , . LRy 3B ok B R
name quence (5'-3") Reverse sequence (5'-3") length (bp) temperature (°C)
KS1 AAACCGACACGGATTACTCG CCCAATGTACCCTGATACGG 271 54.8
KS2 CCCCCAATCCTTCTTTGATT ATTGGCTGTTCGTCAATTCC 227 52.1
KS3 ATGAGGTTGTGAATCCGAGG CGATTCGATAAACGGCTCAT 246 54.5
KS4 ACAGGATTTGAACCCGTGAC CCTTCCTTATAATTTCATATCCTTCC 223 55.2
KSs5 ACCTTCCCGGAGACTGAACT AAAGCTTTTGTTTCGGCTCA 276 58.2
KS6 TCCAATAACCATCCTTCCCTT GAGTTTTCACACCGGAAAGC 213 52.9
KS7 ACTCCTTTGATGGGTGTTGC ACAAAGAAATTCCACGGTCG 228 55.5
KS8 GGAGCACGGAATATCGAAAA CCAGAACCACGATGATTGAA 194 52.3
KS9 AACAGGCTCCGTAAGATCCA CATCTCAGACCTTGCGATTG 268 55.7
KS10 GCCTACGGATCAATCGACAT TGACCACGAAAGTCAAAATGA 229 54.5
KS11 TTTTCACCTCATACGGCTCC TGGTTATATATGGATTGCTAAAATTG 225 54.7
KS12 TTGATGCCTTGATCGAATGA TGAGCCAGGATCGAACTCTC 229 S1.1
KS13 GAATCGACAGATCCACCGAC GAATCGACAGATCCACCGAC 250 55.6
KS14 TGAACTAATTGATTTGATTATTTTCCA  TTTGGAACTGCCATCCAACT 206 47.9
KS15 TCAAGGGGTTCTCACAAACA ATTCTCGGTTGACAGGGTTG 145 53.6
KS16 AGAAGATTAAGGAACCCCCG GCATGAAACAACTCGAAGCA 245 54.0
KS17 CCGTGGGACTTAAGGAATGA CTCAAAGCAAAGCCAAGGAG 246 54.2
KS18 GGGGGAAACGGATACTCAAT TTCTTCTGCAGTACCTCGCC 270 54.3

h) FJofw 2 A48 %0 (unbiased diversity index,
uh) ; FIH GenAlEx 6.503 HEAT #7147 2 /0
(analysis of molecular variance, AMOVA) , 4-#f
T BT AR 5 [ ()82 4% 38 S/ 0 AT, FFXE 150 v 5
PRFIEAT E 4457 HT (principal coordinate analysis,
PCoA) , #E— DPPLFIEREE. FH Power Marker
AR89 4 SSR AL ) 2 4515 2 & & (polymorphic
information content, PIC) , 1T5 150 PN SAMAK
6] (¥] Nei’s & B, JF2ET Nei’s it A% 1 B 7F
MEGA X[291§ & UPGMA KM BT, FH
STRUCTURE V2.3.4 BAFCU T HE R B AL 2504, #fE
Mg ERAE H, A% e (KO % 1~10,
XA K AERHIZ 5 10 7, MCMC {8737 BN
10 000 A1 100 000 ¥, Hf 73 Hr £ R e N AE 24 94 3
Structure Harvester ( http:/taylor0.biology.ucla.edu/
structureHarvester/) T & e FEAEAR 252

2 HREDR

2.1 ESEFLE DNA 8= Mo

PL 150 /3 A~ [F 75 2 DNA AR, FIF 18 Xt
cpSSR 5| #i#4T PCR ¥4, PCR =448 — BEAT
B, ZE AT BANE kA I, R MultiNA
Viewer AR 1B 1T 45 it 47 007, e BN KA R

N, B AR B AH RS SR B AT A 2 kb Rk
55, MR gh B T 5 . WIS 4 Rk 3 P,
18 X} cpSSR I #y3Ly 3 th 311 AN o&kAr, &A1)
P19 S B VE L S 9~26, SR ST 15 4%
WHCR 17.28. FHidr, 5140 KS5 91 H 1) 4% B0
%, 3264, MW KS17 ¥4 Ko, 39
ANo ZEEIIHT, 18 X cpSSR SIMIHIE Rk, 24
(VWSS EESOE SRR TN
2.2 % cpSSR S|¥EE BN

4 KW, 18 X5 PIC {H Y5 B FE 0.803~
0.940, FHIIX 18 XJ cpSSR ML = )% L A1,
Hrp PIC H/NEN 519 KS2, B i 8 519 KS10.
FiA 517010 Na o~ 3.667 (KS15) ~6.400 (KS1) ,
N R KRG 2 EMMEE, 5% KSI1 £
SURFER, 514 KS6. KS7 M KS10 HIZ AN
T KS1; N.fE 2.887 (KS15) ~5.320 (KS10) ;
T35y 1.120 (KS15) ~1.739 (KS1) ; h{GHIN
0.620 (KS15) ~0.807 (KS6) , Tl 514 uh 1
YL N 0.691 (KS15) ~0.898 (KS6) . DL EZA
B2 HEE R REW, A5 A 18 Xt
cpSSR BIMHA mE L &M, FAE, L2
& Z R R B 45 R n] I, 514 KS15 (1 2 281
BAK, M54 KS1. KS6 f1 KS10 )% &M & & .
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Table 3  Size information of cpSSR amplified band

i i NG
Amplified band size (bp)

244,
272,

224,
240+

205+
223,

250.
273,

207

218,
236

197.
307

256

202
219

190+
227,
251

197,
215

128.
145+

238,
242,
268.

IR EA s EIE i

Primer name Number of amplified bands
KS1 22
KS2 11
KS3 17
KS4 25
KS5 26
KS6 13
KS7 18
KS8 24
KS9 17
KS10 25
KS11 15
KS12 12
KS13 13
KS14 18
KS15 22
KS16 13
KS17 9
KS18 11

KB Total 311

*F-3) Mean 17.28
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233,

278
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245,

209.
234,

229, 230, 231, 236. 237. 238
246, 247. 248. 249, 250. 251. 252. 253, 254. 255. 256. 257

211, 212 213+ 214, 215, 216, 217. 218, 219. 220, 221. 222.
235. 236, 237

258+ 259, 260, 261, 262, 263. 264. 265. 267 268. 269, 270. 271. 272

276
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212, 213, 214. 215. 216, 217. 218. 219
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200+ 287 294. 295. 296, 297. 298. 299. 300~ 301. 302, 303. 305. 306

310
259

205+
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193.
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200+

131.
170

241,
245,
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311
260+

206
223,

194.
231
255+
201+

132,
172

242,
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272,

3124 313
261, 262+ 263+ 264, 265, 266, 267. 268. 269. 270, 271. 272

207+ 208 209. 210~ 211, 212, 213, 214, 215. 216, 217, 218.
224, 225. 226

195, 196, 197. 198. 199. 220. 221. 222. 223. 224

232, 233, 234, 235. 237. 238. 239

256+ 257. 258, 259. 260. 261. 262. 264

202+ 203+ 204. 205, 206, 207, 208. 209. 210. 211, 212, 213,

133, 134, 135, 136, 137. 138. 139. 140. 141. 142. 143. 144.

243, 244. 245. 246. 247. 248. 249. 250
247. 248. 249. 250
273, 274, 275. 276, 277. 278
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Table 4 Genetic diversity of cpSSR loci in S. flavescens

5| ¥)4 ¥R Primer name N, Ne 1 h uh  PIC
KSI 6.400 5308 1.739 0.801 0.890 0.915
KS2 4200 3.405 1.281 0.685 0.761 0.803
KS3 5.867 4.639 1.625 0.773 0.860 0.890
KS4 6.200 5.155 1.690 0.787 0.874 0917
KS5 6.000 5.093 1.625 0.749 0.833 0.931
KS6 6.267 5290 1.738 0.807 0.898 0.897
KS7 6.267 5.112 1.712 0.793 0.881 0.888
KS8 5.133 4.040 1483 0.737 0.819 0921
KS9 5.067 4.041 1462 0.731 0.812 0.907
KS10 6.267 5320 1.730 0.804 0.893 0.940
KSI1 4133 3203 1259 0.675 0.750 0.837
KS12 4667 3.546 1356 0.698 0.777 0.825
KS13 5.467 4.432 1.559 0.761 0.846 0.858
KS14 5.467 4281 1.538 0.748 0.831 0.898
KS15 3.667 2.887 1.120 0.620 0.691 0.928
KS16 5333 4.248 1.532 0.753 0.840 0.862
KS17 5267 4.181 1.526 0.755 0.840 0.860
KS18 5.800 4.936 1.663 0.793 0.881 0.875
P14 Mean 5415 4395 1.535 0.748 0.832 0.886

23 AREMRESEEZHEMESH
FIF GenAlEx 6.503 # A%} 75 2 Fh i #4718 4%
ZREME T, S5RWE 5 R, ARF R S R
£5 15 M TEMEESSHIRESIEM

Table 5 Genetic diversity of 15 different
germplasms of S. flavescens

Fhfi Germplasm Ma Ne I h uh
HD 5500 4542 1567 0761  0.874
THP 5667 478 1600 0769  0.855
XHD 5167 409 1470 0726  0.806
AG 5000 3.872 1426 0714  0.794
WGS 5167 4076 1483 0737 0819

CF 5444 4387 1556 0759  0.844
TG 5500 4540 1566 0761  0.847
BJ 5833 4629 1591 0753  0.839
YL 5556 4573 1565 0754  0.838
PY 5333 4385 1542 0759  0.843
LY 5278 4329 1502 0739  0.823
LNJZ 5556 4580 1584 0768  0.853
BZ 5278 4421 1475 0713 0.793
SY 5500 4405 1552 0753  0.837
HNJZ 5444 4310 1555 0760  0.845

“F-#) Mean 5415 4395 1.535  0.748  0.832
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e ZREVEAFEZE R, No FIIME N 5.415; N FHAME
N 4395, Ne f e (A0 5T 9 1l 78 5 2 ] BE A
(THP) [ {8 & & R 5 9 1L vl 2 L] 2 A
(THP) , sf&AI AL % E (AG) , 4372 1.600
A 1.426: b W] 1S AP AL PG S 1 5P
(THP) () Z #EE R &, 9 0.769, T B2 M (BZ)
M2 FEMERAR, N 0.7135 BT PRI uh B 2
FACHEEE (HDDY 5 5 0.874, ik £ 23t
(THP) ] uh IR2Z, 70855, UL EZ gtk %

FEVES T DUE Y, 150 (0 AN R AP 5 S R AR
m L Z R, v 2 R ER (THPD
(R 5 38 A% 2 AR S BUE R IR, R R i
S HAE Z RN FE .
24 AEHHBEEES AMOVA 5

Wik 6 frax, 15 /NP [a) B8t 4% A8 S %0
8%, MBI B AE AL F Y 92%, FhJsT N ()AL
S K TR R, R 15 AN S P TR 5
FEAR 7 E B R AEAER RN -

®6 WEMER AMOVA S1f
Table 6 AMOVA of S. flavescens germplasms

I H Item HHEdf THMSS I MS {1177 % Estimated variance 181445 5 % Genetic variation rate (%)
) (8] Inter germplasms 14 785.573 56.112 2.611 8
Fh )5 M Within germplasms 135 4049.900 29.999 29.999 92
St Total 149 4835.473 — 32.610 100

25 FEMRESELEWSR

B 1a WJED, 15 AN87 2 05T i A 7 212K
K=2, W 15 Moy 9 2 2. MRAEE 1b w40,
1 (HD) ~9 (YL) #i4rh—3 (GHEfR 1, 40
), B 10 (PY) ~15 (HNJZ) #E AP —%k
(GBffR 2, 2D, HPEHE 1 BREMA AL
(MR A2z [®) b (2 I PE, R, K
BRAWLFRE) « WEH ORig) MR (£X5
RO, AR 2 A8 AT LR CF BRI YT
LR CZMD LTI GRFHED R CEEE) AL
TOGRMD .

(2 25|

20

®)1 00
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1 23 45 6 7 8 91011 12 13 14 15
(@): A KMl (2~10) XRIAK FIFERE, (b): K=2, TSR
VUit

(a): Estimation number of populations for K ranging (2-10) by AK
values, (b): K=2, genetic structure of S. flavescens germplasms

1 15 NESMRIEEERS T

Fig.1 Genetic structure analysis of 15 S. flavescens germplasms
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RSB AT S 15 APl 8] 8% A AL PE
NFE s, JER A BLAT AL, FIH GenAlEx
6.503 B A A 45 5 2 Fh BT I Nei's a8 4% BE & AT
PCoA 7. &4iRiE7x, ZRETTHER &N 3 MR
HEAE 23 5] o AR 57 3R 1) 4.90%- 3.55%1 3.11%. R
o e Rl — Ak br &, A2 T, 150 £
SRR 73 2 AN X3, R 150 478 SR
Wisy o 2 KRB, X5 STRUCTURE 34 B4R
R Sy 8

120 + Popl = Pop2
0.80F *e
9 4
o 04of .o e
%) o2 P %ol % * u
~ 5 3 e 4 ¢ = ]
~ 000—&#3—0-
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2 15 NMESHR PCoA 734
Fig.2 PCoA of 15 S. flavescens germplasms

2.7 EF Nei's BEEENAEHESMHRTEL
S
Wi 3 Fior, 15 MRS S RN 2 KK,
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M BEE M (BZ) 196 MR —I, FR9
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MR AY —2. UPGMA BR4 805
STRUCTURE 44 Tl B 4R 25 # F1 PCoA 1) 45
— &,

I | BJ
YL

HD
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SY
I 'HNJZ
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— iy
LNJZ
—pz
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3 ET Nei’s BfRERR 154
ESTR UPGMA MBRER
Fig.3 UPGMA clustering results of 15 S. flavescens
germplasms based on Nei’s genetic distance
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cpSSR 1EA—Fh 4 Fric, BEHA SSR &A%
PEFIRE AL, [FIB A SRR S R A R R g% . LT
ARAFEHMI A, B SRR R A1 R el
ZWHIT, HETEZEN A TE RS 2R btk
Bran Ak E . PR R R TS DT B, A
e, FORRZ I cpSSR 2 T AR HIT ZFIH -
TR SE ORI F BT R H R 9 X cpSSR 1 Ak Ay
(T RC RN AN 5] ot P (] PR R0 DG REBEATHIF AT, RIS
RS R R AE TR Z FE AL R . Yan 5559
FIFH KA RS TF & 10 MR 2 A
HII3 AL 22 REPERAE Y cpSSR A7 A5, A B T 7K b S
USRI RN IR AL R R e B0 M . 2RO
BT B SRR SE R 2H 5 I 33 X 2 A& E cpSSR
g1, X 93 4 B R IR B AL ZREVE . BEARSS
FARIEG R RIAT T IT . ARIG T S A 5t
BRIZHJF R 1) SSR A ki Hh i 28 - e ittt 18 X cpSSR
FRC 51, 18 X597 150 4y 75 S0k T 471
HIEMT S &, EEMERL, Hy EMES.
ZAMEE SRR TR — A E 2
SR, WRZAMCH PIC KT 0.5, NEmEL
A0, 18 %t cpSSR ) PIC {4 KT 0.5, IEWIET
T 2 SRR SE R 20T K 1) cpSSR B W75 75 S Fi
R — @AY, v T e sk A iR 2
PESIHT o

244 SSR 43 FHRic AR 24 SSR Hil cpDNA

AL I B AR, MUBRAHEGHLF. 28
AP IR S U E UL N =W e el 2 SN S S
A RS (1 1Ak PR BE A P REAS I B AL AR 5 . A
TRIG I T - LR L AU 18 XF cpSSR B #AT 150
WS MR AT B AR Z R T, SRR, 18
X} cpSSR FIAFLY 1 311 Nk, “PIIRET 514
PN 17.28, BUKLLEPE T3 2 (1) EST
AT R HU 18 % EST-SSR L3748 1 77 AN 46717,
SRR BTG 4.3 AN, SR T
PRI T & H ) cpSSR B B d i 2 A4k, H
B her il B F 5T BE VR E B AR A R o X S
(138 4% 2 FEMERIF FL4E AR, 15 AP K7 248 A
AR L Z R, Ak AL ia 2 A
(THP) M FEE 2 AN S5 A o iR I s
MiE L Z FEE, S PE 2 33 (THP) B
SRR EA FE AR R, SRR
ST HALFR S, BAEmENEE T, EEE
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Genetic Diversity Analysis of Sophora flavescens Ait.
Germplasm Resources Based on cpSSR Markers

Song Yun'?, Zhang Xinrui', He Jiaxin', Li Zheng', Sun Zhe', Li Aoxuan', Qiao Yonggang'-?

("College of Life Sciences, Shanxi Agricultural University, Jinzhong 030801, Shanxi, China;
2Shanxi Key Laboratory for Modernization of TCVM, Jinzhong 030801, Shanxi, China)
Abstract A total of 150 Sophora flavescens plants from 15 different habitats were used as materials, and
c¢pSSR molecular marker technology was used to explore the genetic diversity of S.flavescens germplasm
resources from different habitats. The results showed that, a total of 311 bands were amplified by 18 pairs of
c¢pSSR primers, and 97.47 alleles were detected, an average of 17.28 bands were amplified per cpSSR primer
pair. The average number of alleles (N.) detected was 5.415, effective alleles (N.) was 4.395, Shannon’s
information index (/) was 1.535, the diversity index (%) was 0.748, the unbiased diversity index (uh) was 0.832,
and the polymorphism information content (P/C) was 0.886, PIC > 0.5 indicated that 18 pairs of cpSSR primers
had good polymorphism. The genetic diversity of S.flavescens from different habitats was abundant, with the /
was 1.600, the N. was 4.786, and other genetic diversity indexes of THP germplasms in Wuxiang County of
Shanxi Province were all higher, which indicated that THP was the place with rich genetic diversity. Analysis of
Molecular Variance (AMOVA) showed that there were great differences among individuals within germplasms,
and the genetic variation rate within germplasms was greater than that of inter germplasms. The results of cluster
analysis, principal coordinate analysis (PCoA) and genetic structure analysis by STRUCTURE software divided
S.flavescens from different habitats into two groups, and the classification results had obvious geographical
correlation. The first group of nine S. flavescens germplasms were mainly from Shanxi, Hebei, Shaanxi and Inner
Mongolia, and the second group were mainly composed of germplasms from Shandong, Henan, Jiangsu and
Anhui. The 18 pairs of ¢cpSSR primers had good applicability for S.flavescens. The genetic diversity of
S.flavescens germplasm resources provided a certain theoretical basis for the exploration, utilization and
protection and the breeding of excellent varieties of S. flavescens.

Key words Sophora flavescens Ait.; Chloroplast molecular marker; Genetic diversity; Germplasm resources
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