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Abstract: In this study, genetic diversity of Corydalis yanhusuo W. T. Wang was analyzed with SSR mo-
lecular markers, twelve pairs of primers with high polymorphism and good stability were screened for pop-
ulation genetic analysis for 360 individuals sampled from 19 populations. The results showed that: (1) a
total of 227 polymorphic loci were amplified from 12 pairs of SSR primers, 4—9 alleles were detected and
average of 5. 25 per primer, which showed the primer pairs were of abundant polymorphism and could be
used to analyze the genetic diversity of C. yanhusuo. The study revealed that the genetic diversity among
the population groups was high (N,= 5.25, I = 1.192 6, H = 0. 387 9), the degree of genetic differenti-
ation was high (F,= 0. 388 3), and the gene flow among species was limited (N, = 0. 393 8). (2) The
results of cluster analysis used by both UPGMA and Bayes method showed that 19 populations obviously
clustered into 4 branches. The result of Mantle test (+ = 0.326, P = 0.01) indicated the population with
shorter geographical distance performed tighter genetic relationship. The genetic structure of C. yanhusuo
may be resulted from its predominantly selfing breeding system, clonal growth, geographic isolation and
limited gene flow. In situ conservation should be accepted in its protection considering its genetic structure,
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FEW R XA TC ], N SR BE (Papaveraceae) %
# J& (Corydalis) Fa 9 1E #] % (Corydalis yanhusuo
W. T. Wang) () T8 P25 PR BR S205 oR oy, 3T
[ 25, GEAT Il rp AW A B IR L T AR 0 2
G )7 g R N T RS T Y B RN o
JHEBEL  BR AT b 9 S5 S

FEEH R F B4 A T W TL VLT R BBV S5
AWV AR PR 2 2 2 M7 B S5 2 T 9 1 30 3 X
ARG AR B R, 3T AR R L Bk E T i A T AR R
2008 4F 4 355 hm” & & J&H| 2017 41 6 700 £
hm? | 18 FURL ™ 4t 5 B0 2 E Y 750 &84 B 4 I
s s 2 7L Y SR R R —

o] B 5 & ¢ %1 (SSR, simple sequence repeat)
s — P LIRS 514 PCR Sy BEAE i bR 7 25, d
il DA DNA G H LI 1~6 4% R o 52 5 5
B K5 LA R E R T HY . 1970 AR A
A AT E 2 % A AL A Wy ik R A b o 35 A
7 .0 2y 4, ELAS W] 4 o i A2 o) BORT i T
IVFETE 8 1 22 5 . HE 5 9 B g — RO O T o2
T ORSY B P DL 21 PR T B3 e S5 v 5 0 ok
#E47 PCR ¥ 1Y, 1% J5 i Al i H 4 RAPD I RFLP
HORBYPE A B e R T EANTEYA R B H Al
G3F AR BRI N T s A S A R A
S 2z i Rl al B A T K B bR IR 2 A e
S8 R (ER R iR & S S N N8 S R U TRk d
RN S 2R AT 354 22 A O3 BT B R DGR

AWEFEE WL SSR 73 FARid F AR X 19 4
JERER 360 (IS RAEA AT T 4041, BER R H
G Z2 e St A% S5 4 JF 4 I 1 A L AL T D R
Xof B 55 1) 3 W BE 0 5 O BR A R P AR ] AE Y R A )
BT IR AR PSR G FNBAR SCHE

O S R W RES

11 SEIe# s

IR THERI AR 19 A JERE. 360 ) REAS 93
e IR A T 3 R AR Al (] S B = AR AT
15— 80 C I IEL K A% AR A7 28 1 - v DU Sk ] L7
HH I S AR 2 R S W 2R A R Sy R o LAY Y
B g S A o o R AR AR WL 1
.2 7 &
1.2.1 EHEDNAMERN XHARK CTAB
PRI 24 34 P JE T DNA il 1T 58 504356
JETHAG I DNA ¥ B FI Asgo / Asso WG FEAE L I FHE
JE R 100 B HR MR I R i) DNAL 5 #3854

IR 5% I 10 Sk &5

1.2.2 PCR ¥ FIHIF K KiGER 12 X514
Xt 24y HEAE 5 Y DNA #4791 . PCR BB
K&K 10 L. DNA #i7 1 nL.Mix 5 uL, IER 59
# 1 pL,ddH,0 2 pL, PCR JZ W # )% % 94 C
FASME 3 min; 94 CARPE 30 s, 1B AR ET 45 5,72
CHEAR 45 s, 3k 35 NMFEF s fe i 72 CHEA 7 min, 4
CIRAE.

1.2.3 BRABBSERKBEXKEN 52 PCR P 1
J& 24 h LB 2.5 pL PCR 7= ¥57E 10 Y AR A8 M T
AT e B e b 1 L R 140~ 160 V HL 3k 10~15 h
U AR 25 KN S50 5 0. 2% NaOH 4R 4 30
min, 2 B F KM 3 . A 320 AgNO; #EFT4R
Yoo KB KRGS  HEER R RS REEA.
1.2.4 EPRBESHMESH  HH Excel 2007
Fl Bio-rad quantity 4T L UK i (9 5 5 1B 150k H
N Ty 7 kA7 % et . M GenALEx 6. 3
BRI AT 45 T, L P R 45t A% BE 5 AH DG 4 AT
FH LA I B[R] A9 A LG & . ] POPGENE
Version 1. 32 B {4, 70 B 4 51 W0 1 55 47 56 5 5k
(N it G 42 & B (Ho | Nei's it 16 2 F #4821
(H) A& b 2 (F.O A (N 5 45
Y 35t 1 2 AR P RN 2S48 B (F) 5 38 R i R
AT A5 FRE A M B B R R s L R L O T R A
KAER B (ManteD) , % Jl MEGAS. 0 8 {5 T & J&
BE W 1R AG B B 64T UPGMA 255001, 104, B4
M SE #H R Y 38t 15 G 2R B A Structrue V2. 3. 45 5
PR A FEAR I R I T & FEAR Y
WAL LR Arlgequin3. 0 38078 5 ] 15 745 7Y
P I 35 4% A8 S L

2 AR5

2.1 DNAREES|#HERRE

AN 6 B TR I 45 SR L R R ) SE
R DNA W B 7E 100 ng/pl 2], As, /A
WG U AE AR 1. 8~1. 9 Z ] LR AR 3% A 1R H i 2
FTiG g . TR B BE R R UK R, B HUE YA R
DNA KEEHKTF 2 000 bp, GeE H T4 14 Kk I,
12 %F SSR 51 ¥ 14 45 R WoR . BT A A L S i o
B Skl (B D A RE AR e MR 2 A,
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Table 1 Description of 19 Corydalis yanhusuo W. T. Wang populations
J& BE44 B i g E2Y; 3 P30 TR
Population name Latitude Longitude Sampling position Sample size
ghfnj?glfl, Hanzhong(CG) N33%09’ E107°20' ﬁgfgﬁzaiinj}t%lﬁinzhong City, Shaanxi Province 15
%afzrfeﬁgg, Hanzhong(NZ) N30z’ E106°56" %a?zﬁe?fngzizﬁflf%lanzhong City, Shaanxi Province 15
Qnﬁy(ﬁ{gﬁ? He'nan(XY) N 32712’ E 114754/ guﬁaﬁné\sﬁlilﬁg)ﬂﬁl[ﬂ;%)(inyang City, He'nan Province 20
?;Jazﬁg%cifjﬂc’nan(TH) N 32%42! E 112°49’ ilﬁiiﬁgﬁcr’%iﬁuﬁ??ﬁiyang City, He'nan Province 20
%ﬁjﬁ Tghandong(sm Na5™6" E116°48' %iﬁi%iiym Fapan City, Shandong Province 20
TLf5 Jiangsu(JS) N 34°36' E 119°09’ %ﬁfffxﬁﬁﬁifﬁ{fy%ngang City, Jiangsu Province 20
TP Jiangxi(JX) N 28726 E 117°55' ?Sjilz?lﬁgﬁ;alc;%jjn[&%%mngrao City, Jiangxi Province 20
WiF Hu'nan(HN) N27°14 El12752! ﬁefghfiﬁifuﬁg{%{engyang City, Hu’nan Province 20
#l4t Hubei(HB) N29733’ E114718" ;@hiagyjzjznjgﬁénlﬁg)(ianning City, Hubei Province 20
JI;E}?:{?%uangxi(GX) N24°30' E108740" h%hfkﬁ?,{?}ig{gf ghuang Autonomous Region 20
%u%ﬁ%ﬁg, Anhui(AFD N304’ 11871 %u%jnfzé;l?umgztgzﬂ,ZXuanchcng City, Anhui Province 20
B Zhejiang(HZ) Nzgug’ E120714' ﬁfiﬁ@fnﬁ%ﬁfm City, Zhejiang Province 20
E?jifﬁgieﬁang(}{X) N2oT1L E120°23' ??Eif%iiﬁﬁﬁﬂgﬁﬁiféng City, Zhejiang Province 10
Eiiifiﬁiheﬁang(X\V) N28738’ E120°23' ﬁiﬁiz?éifiﬂiéi?ifia(nry, Zhejiang Province 20
[HRIRL S N28°45 E120°31' WL SN Al B 20

Butou, Zhejiang(BT)

WL o
Mazhai, Zhejiang(MZ)

WA A
Donghe, Zhejiang(DH)

i RAR AR
Shawan, Zhejiang(SW)

Wi AT 35
Dengta, Zhejiang(DT)

Xianju County, Taizhou City, Zhejiang Province

- oo WL AR A BH T 5
N29°05 Elz0°22 Mazhai Town, Dongyang City, Zhejiang Province 70

oqn o R N A
Nz29740 E120°23 Donghe Town, Zhuji City, Zhejiang Province 20

- ooy VLA K T B
Nz7°47 E119°24 Jingning County. Lishui City, Zhejiang Province 20

- oqq! LA T K T A B
Nz2g'17 E119°31 Songyang County. Lishui City, Zhejiang Province 20

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

M
—

HNuwewwile gLy o wae e
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M. PUC-18 DNA marke; 1~20. 3 FF 3§ [E (CG) JEBEM 20 A

Bl 1 51# Cyuanl5 X IR[E (CG) & #E 9435 54 R &
M. PUC-18 DNA marker; 1—20. 20 samples of population CG

Fig.1 Amplification pattern of population CG using the primer pair Cyuanl5
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R 12 %F SSR 519y R i £ 4~9 ASGE 7 FL B L F
By B RBCH M 5. 25 A4, 3k BB TR 51 4 i L8
Ze A BE R 0,178 9~0. 465 8, F-H{E K 0. 335 5; 1]
LA Rl 0,413 8~0.785 2, EHIEH K 0. 635 1,
2 2 10 7R WL A PR R R Sl 43,826 1, A7 LA
o7 K& PRI BRI 33, 217 75 Shannon {57 B 48 £ hy
0.520 1~0. 775 0, F¥{H K7 0. 613 2; 18 {5 £ FE 1k
FEBGEFE M 0. 340 2~0.470 0, F¥IEH 7 0. 387 9,
— MBI A8 R CF OB B 35 T, U B 3L R R o A
F T TR A, Fio (B o IE B 24 A F B2k,
EN B2 G Tl fl . £ 3 BoR, FBEA IER
i, B Kl 0. 454 9, F% /N —0.245 3, E R
0. 135 1, B 4E ) 22 5 BF R A O R B R Bl 2%
TS s AL Ak REC(F O -2k 0. 388 3.k
T 0. 25, ULUAA 38. 83 %0 Mgt (&AL S A7 AE T E A [A]

Y A S (61, 17 Vo) for T RER P9, B AR 8] A5 AR K
138 1% 50 Ak
2.3 EEHEHEXMESWMBESN

BT JE R AL BB #E 1T UPGMA B 250 By
(F 2), alLUA SR 19 A3 BE I W4k 4 A4
2H 2R A BEVE(E S| R B YL 8 SRR (CG Fi N2
AR 3 M EBEX IS BD R —/ME R AN
HE G| R T R B CHZ) 5T 3 A Ja B
(DT . SW.XW) & Jy— /N3, SR 5 3K P A~ 7 32 41 R
— WAL 3B XY . TH.SD) B — 7 R4
M4 H) AH.DH HX 1 MZ 38— 3 ; 18 5 4E
M3 A EBF(HB.HN . GX)O BN — K H., BESW
A REY] Y AK =4 i), K {5 R (8 3) , 3] 19
AR IERE TN 4 BN G B IL A, 19 A JE B
R HK LR 5 UPGMA R 584 —3,
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Table 2 The genetic diversity of 19 populations of C. yanhusuo

W5 55 o ik TR B
Observed number
of alleles (N,)

ERHEA

Population name

80 ANk PR AL
Effective number

of alleles (N.)

5 BAR 5L
Shannon’s
information index (I)

i1 Z TR IR R

Genetic diversity(H)

M (N2 2.330 0 1.820 0
3k (BT 2.080 0 1.640 0
L9 (XD 2.166 7 1.772 0
f5 I (XY) 2.166 7 1.702 9
LH IS 2.083 3 1.724 0
¥t (HB) 2.250 0 1.662 4
g (M2D) 2.250 0 1.790 7
W (SW) 2.166 7 1.661 1
JTH (DD 2.333 3 1.727 8
4 (HZ) 2.250 0 1.768 8
WIE (HXO 2.250 0 1.735 6
1 (DHD 2.750 0 1.789 3
FEW (TH) 2.166 7 1.7857
I (GXO 2.3330 1.624 2
W (CG) 2.583 3 1.827 0
WE (CHN) 2.166 7 1.678 8
iR (XW) 2.333 0 1.776 6
L (AHD 2.750 0 2.019 3
i1 % (SD) 2.416 7 1.713 1
¥ Mean value 2.306 6 1.748 3

0.658 1 0.422 6
0.520 1 0.340 2
0.626 1 0.410 9
0.595 5 0.379 9
0.605 1 0.404 8
0.570 7 0.358 9
0.612 8 0.384 0
0.561 0 0.360 0
0.578 4 0.356 4
0.609 9 0.386 8
0.616 8 0.392 8
0.669 2 0.404 5
0.632 8 0.413 3
0.566 0 0.345 4
0.688 9 0.435 2
0.577 1 0.367 5
0.599 4 0.375 4
0.7750 0.470 0
0.587 9 0.3625
0.613 2 0.387 9
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Table 3 The genetic diversity of 12 SSR primer pairs
SSR primer  RPE yemperature r{l’;‘;‘lﬁ)‘p Observed i formation  heterozygosity helerozygosily cocfficient ~ differentiation

(Ty/C alleles(N ) index(I) (Hy) (H.) (F» (F.)

Cyuan08 (AG),, 55.3 152~160 5 1.229 9 0.418 4 0.669 4 —0.245 3 0.494 0
Cyuanl0 (ATCO) 61.3 121~133 6 1.229 0.184 2 0.657 8 0.454 9 0.485 5
Cyuanll (ATCO),; 56.3 315~327 5 1.263 9 0.465 8 0.677 9 0.003 0 0.310 0
Cyuanl3 (CD), 58.3 202~210 5 0.989 8 0.300 0 0.5557 0.311 8 0.214 5
Cyuanl5 (TC)y 56.3 121~129 5 1. 0.339 5 0.626 3 0.201 2 0.320 5
Cyuanl6 (TTCO),s 55.3 114~123 4 1.083 3 0.463 2 0.614 4 0.049 3 0.206 0
Cyuanl9 (TA),, 54.3 254~264 9 1.695 3 0.297 4 0.785 2 0.272 7 0.480 0
Cyuan24 (AG) 57.3 170~178 5 1.449 9 0.389 5 0.745 2 0.061 7 0.442 3
Cyuan25 (TCA), 59.3 100~112 5 1.134 0.428 9 0.617 2 —0.018 3 0.316 6
Cyuan26 (GAA),, 56.7 237~249 5 1.166 2 0.218 4 0.623 2 0.265 8 0.522 0
Cyuan30 (AT), 52.3 222~234 5 1.126 1 0.342 1 0.639 5 0.029 1 0.448 3
Cyuan33 (AAG) 53.3 133~142 4 0.763 0.178 9 0.413 8 0.342 7 0.341 3
Mean 5.25 1.192 6 0.3355 0.6351 0.1351 0.388 3
AMOVA 5326 B (3 4) ,47. 28 % [ 38k L A5 53 Nz
T A2 ] FLelr 25, 949 75 A5 4 A Mo 30 B 9T 15— <

Zlal KA 52. 2% e A S R AR R BEN . N, (& IS
KD SR 0. 393 8(<T1) , 15t BH ZiE W 2 it 18 35 R 228 VA g\;
BAIE, Mantel K 5 7% o 48 512 Ja B = 1] fr i A4 DT
0 5 HU R 7 ) M B R B TE M E R (r = .
0.326,P = 0.01), MZ
—

N N L DH
31w o
381 2 BE 43 T 52 0 55 0 0 WK £ . % SR —
0 S TR L e B AT 7 R B R T . TR ' sD
S 125 1) 0 A 2 2 2 A o
LT 0 Bl . O 2 A 2 R PR RO T L ox

s T T L0 fE 75 5 AR 4E 5122 R W UL D R % 1

B AT DA A R 3 IR & i 6 0 R B SR AR 4 B 2 T Nei's JolR 2 18 (516 5 () UPGMA B2 Hf

Ao X 19 A FEREILT 360 S FEAS Y AE 5 R BF
I8 12 X559 1 S 5 0 I 2% 4 8 (H,) R 0. 335 5,
SRR BE g BE (HO) O 0. 635 1,38t 15 Z 4 P45 %
S (H) R 0.387 9.5 B 465 (D 2y 1. 192 6, 5114 53
FEAEEL(F.) R 0.388 3, RILH  I st f% ZHE Tk

SES R A BAL G R Y H SN ENEF R
gt sORE AR R | M P S LA R S R (R A B A R DR g A
[ VE I 25 2

BF R G AT LIXT A R S A ) g A o0 Ak AR 5

Wi, — R L . H 38 ERPAr L FE GOy 0,51, J)

Population number is the same as Table 1
Fig. 2 UPGMA dendrogram based on Nei's

unbiased genetic distance

) A 3 A% A8 S R S — 2 DL Tl 5
FIPA LG R 0. 10, BI 90 %6 1y 38 44 75 S5 K A 7R i
BEHR . ARBFSE P RESA R G Ry 0. 388 3, %K B
MR AN EMNET RG. X 5RME S %
Xif HiE 5 2R A5 Koy A W) 2 (R F 5 4 R — U

i A A K R R AR A — S
F. i BPANWER & B, HE A Z AT DA i R ik Ay
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450 7 o
400 1 R A
350 1
300 1
e 250 1
<200 1
150 1
100 1
50 1
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
K
1.0
o
E 0.8
X
_g‘g 0.6
S .
2§ 04
1S
2 02
< |
0 J la s Lo Lol et | d* P |
NZ BT JX XY JS HB MZ SW DT HZ HX DH TH GX CG HN XW AH SD
J& #F Population
A BT AK HB98E K 4315558, K=4 I Structure 432145 5%, & b [7 — 51 (4 %R )8 T’ — 2> %
&3 19 ASE ST R A RE 1 DL 7 2R 2K 1A
A. Inference of best K using the AK method;B. Bar plots showing assignment probabilities from structure analysis
when K = 4, the same color in the figure represents the same cluster
Fig. 3 Cluster dendrogram 19 populations of C. yanhusuo based on Bayes analysis
R4 EHRFHH AMOVA 547
Table 4 Analysis of AMOVA on Corydalis yanhusuo W. T. Wang populations
i p F : A5 52 5y A SEEH N R AL S A AR AL
E’%%dﬁ . Degree of ‘E’ji% Variation Percentage Genetic P fa
Source of variation [ Variance o . S P value
reedom component of variation differentiation index
2] [5] Among groups 3 465. 689 1. 147 39 25.94 F.= 0.32594 * %
2/ JE B _
Among populations/ Within groups 12 431.006 0.943 80 21. 34 F,.= 0.288 13 * %
J&BEN Within populations 585 1 364.100 2.331 79 52.72 F,= 0.472 80 * ®
43t Total 599 2 310.795 4.422 98

T < Feo P06 L -7 F5039 (80 117 A F S DX T £ 388 1% 2 S5 R 5 o 1 IS 3 87 F5T30 80 10 0 Y 3t DX 1N i A ) 19 388 £ 728 5 R 5 e ol W O P A
90 H01(EL T07 A 13 b DX V] Joe 6 I 9 3t 1% A S5 R 2

Note: F.. The degree of genetic difference between regions derived from the expected values of Havin equilibrium; F... The degree of ge-
netic difference among populations in the region derived from the expected values of Havin equilibrium; F. The degree of genetic difference be-

tween populations in the region derived from the expected values of Havin equilibrium

TG . Pluess & Erickson 45§ th"" #y F i1y Mo PR B R A B AL A W R RN . AR
TSI A R E A I SR 4 R A S T EC st Ao 0l OC T M B PR B R g AL SR 2 ) YOG

Tl T AR P B FL R R 18] 89 35 A% 4k . Cook L4
SRR 11 5 I AR K R A5 1Y R 2 b X B I 1Y A
FHRE T AT 45 w8 H X PRI A I RE T . 55 Ah AR
Yy i v e BB Ak 23 S B A2 7R Mk ARG IR
HE— 25 R W IR ) 09 3 1 B 5 fie 2 5 ORI A ) Y 2t
oA . R IEFI R A e e A K 2 H B A B
HE N R Z —.

RG2S R BT A S e A 5 B
—E RSB . Mantle K0 2 W, AS B 53 o 5 3 1)
4358 1 I B 0 b B BE B A7 AR 5 I E A M (O =
0.326,P = 0.01), i3 W 3t B8 b 25 7 %€ 8 R H fi 5
BEM B L A5 i 3 VR . AR ST b A G
ST UPGMA 26 R 55— B0 8 19 A4S Ja B 09 4
RAEA Sy 4 A AL R — L ER RN
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— 3, A AR R M X RO — 3 WV R R g Rl A
LU B RER N T — 3 X W I E T Mantle kil
(149 53 B 45 2R ¢ W b 3 5 A 3 4% o Ak bR B VE T

TE AR (1) 38 4% A8 S 0 3 DR O ML B A T I 25 B 45
Ao [RIRIAE P 2 A AR 25 TR LA B s 5 R R I
X I TR R 22 L B PSR AR R DR A 1 B S AT e
S B A L DR 25 4 1% 2 T) S Jo 1k o DT A2 8 4K 3
e, Slatkin™ Ay M 35 K i K F 1 B, B K
H B ACAE R 447845 722 S () 2 FE M s BE Rt/ T
1 I 3545 43 Al AT DA Pl st AR 7 5 | R 3 i %) s st
T G5 R0 T BLSE R . 38 HIE LT i R AZ PR B AT
P BE Rt )z A ) s AL AL K . AR IE I R s
BERE W N R 0,393 8, /NT 1, W32 R iy 5L
PR HBAT B3 st e o I R 2 —

B AR SR A ) BB AR i (RIS NV RE 1 85 . iz
N Ry ik B SR A 1 T AR B R 0 SR b . i LA AE

5% Uik -
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