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Genetic Diversity Analysis of Populations of
Panax notoginseng Using EST-SSR Markers

ZHANG Jin-Yu'? , YANG Wei-Ze', CUI Xiu-ming®,JIN Hang',YU Hong’,
CHEN Zhong-Jian® ,SHEN Tao’ , YANG Tao'
(' Institute of Medicinal Plant,Yunnan Academy of Agricultural Sciences ,Kunming 650223 ;> SanQi Academy of Wenshan,
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Abstract; The genetic diversity and genetic structure of 6 populations of Panax notoginseng and its two related
species were analyzed by using 17 pairs of EST-SSR molecular markers in this research. As a result,a total of 205
EST-SSR polymorphic loci were detected in 8 populations. The polymorphism information content of six cultivated
populations of P. notoginseng was 0. 729, Gene diversity within population was 0. 1568, Shannon’s information index
was 0. 2466, and the coefficient of gene differentiation was 0. 2350 among populations of P. notoginseng. The coeffi-
cient of gene differentiation was 0. 4597 between P. notoginseng and its related species. The results revealed abun-
dant genetic diversity but low level of genetic differentiation in P. notoginseng and confirmed that the genetic differ-
ence amang the species existed mainly within population. In addition, genetic similarity and cluster analysis showed
that 8 populations of P. notoginseng and its related species were classified into three groups,6 populations of P. no-
toginseng were classified into three subgroups. Genetic distance was closer between P. notoginseng and P. japonicus
var. major than that between P. notoginseng and P. stipuleanatus.
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“HEMESES, BAELSR . EhEREEH
HAMTERATOMBEERBITY . EZBAA K
FREASHL NEZEFSERELTRAHEER
B, ZLtTEMMTRELBBEKE=E . H
WEESRHK, ZEAEH AEEXLERAA
RE=ZELMEFXME>X, MR~ gY
H2E 8%,

U =EHHR, ELEFFHAE Mk,
BESHTE EXZLEROREEFENRES
WHRERSR, #FHS Y REAMSE Ed
SSR X RAPD #ric M AH BN AR X BHT T E
KRB NFEE: KNS =L RIEFRE
ERTRARBTTHE.BA=LFEABEEEH
MEEHRMNBELER, WEXBEHNBEERMEX
Bh,

AT CERAHEYRRBE L, BR
HEmnths E . FRMFTE, T SSR iR
CHEBHGC, HABEHT SHENEEHE
BEEEFEMNERNAFRYFNERESMA,
BRI CEREFER Y RART EXY S
ML ZHMETR R, BNT7%" ¥ 5% RFLP,
SSR,AFLP #1 RAPD 4 # 4 FiRic R FL 4T L,
WIEL SSR FiC S HME 2 FhricHt , RES T

x1 JEHHE
Table 1 The localities of materials

s L RENTIR, BEZERA SSR51Y
Frae Bh AR, Bil, KEREEKK
EST H{EM F SSR 51 EE R &, A EST &
EREE B B iE A R EST-SSR 514, 5 4 EST-
SSR kW FREER HFHAT=LRIEZHHUR
WOTHERBRBATHELEENSEE. 5
35 #F) B} EST-SSR 4712, % =t F 7 X 7 7l 3 B
3 5 PR B e 0O S AT 45 B REYE R 1L 1L
MR, A=EHRERGAAMRPRAER
i

1 HE5HZ

1.1 ##

R MR A X W= X k4L .
&8 S ERNF. EEZ. XL EELER L
SR 6 AN X BRI R B, B R = LA
REGF, EHFEEE 10km L b, IR, &
BENEANERK 171000 Z4H (HEEAHRE1);
Xt B# B =t F % # B 51 = & ( Panax. stipuleana-
tus) H1 % F % ( Panax. japonicus var. major) X H 5
XEAREM2LIEE & W, MO, B8R 2 ] 8]
BSm, iARREXW=Z+tHAKESFHIRR
ke mLElL

wE XK BHRS ZHE() HE(®) R (m) BAK
Specie Origin Population code Longitude Latitude Altitude No. of sample
=t %4 ¥ Q1 103. 85 24.03 1992 30
P. notoginseng riteB Q2 103. 87 24.24 2034 30
It 1 83 Gl 105. 26 23.91 1780 30
It f ] G2 105. 14 23. 89 1703 30
paiipet | M 104. 06 23.49 1470 30
AU Y 104.31 23.53 1510 20
k¥s ERERW 778 99.17 26.29 2600 10
P. japonicus var. major
RAO=t OgmKE PBS 103.93 22.78 1500 10
P. stipuleanatus
1.2 FHi&k projects/dbEST) EA X MBEP THAGH =L

1.2.1 DNA K #H 5 & DNA MRS REEng ¥
%Iy CTAB ¥, RS A %3h, BRZE i CTAB §i FI #2
B2 h ¥ (100ml/L Tris-HCl, 50mmol/L EDTA,
750mmol/L NaCl) , ¥t = Z HERIR AR i, B
W L% B 3F B DNA KRB0 20ng/pl, &,

1.2.2 3[#0Fik 7E NCBI(www. ncbi. nlm. nih. gov/

ASRFHESH ESTFI, BT AZR ESTERH
W, A SSR # & & ¢4 #51 ¥Rit H 4 Prim-
er5.0 it =+ EST-SSR 3|4, 3¢ LB E TAY
BARAF G B, NE B 64 &3 Y Rkt 17 X
AW BEXF . EEHEENIIYWAT SSR 4
. SIS E 2,
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Table 2 Information of 17 pairs EST-SSR primer

SRS HEET 5l YA/ (bp) BAEE(C) ZH5HEGRRE

Primer code Repeat motif Primer sequence Product size Tm PIC

P2 (TA)I10 ACTACCGGAGTCAAGCCTCA 209 53.5 0.730
ACGGCCATCATTAATCCAAA

RS2 (TA)10 TGGGCCGAGACAGTGGTTGC 367 63.9 0.719
ATTCCGCTCACCGCCGCTTC

RS7 (GAA)YT ATAGGGCAGCGCGCCTTGTG 223 63.9 0.815
TGGTACGTCGCCGACCTGGA

P21 (CA)18(AT)22 TTCCTTTCTCCCTCCCTCTC 224 59.8 0.902
GATGATGGTGTGACGACGAC

P22 (AC)8 AGTGCCAGAGAAGCAACCAT 219 57.8 0. 850
ATGTTCACCACACCACFGGA

RS10 (ATC) GGGCCGCACAGTGAGGAAGA 240 63.9 0.772
GCCGGCTTCTTGTCGTGCCT

P26 (GTA)11(CAG)5 GGGCAAATCAAATAAAGGAG 146 53.7 0.788
GAGTGATTGCAGAGCAGGGT

P27 (AAG)5(CAG)4 TAGTAGCGACGATCACCACC 330 57.8 0.732
AATAATGCTCCGGTCTCCCT

XS5 (CGC)10 CCTCGCCCAACGCACCAACA 231 63.9 0. 858
AGCGGAAGAGCGGACCTCGT

XS6 (CTA)7 ATTGGAAGGCAGGCAGCCCC 171 63.9 0. 891
GGTCGCGGCCGAGGTACTTT

P34 (ATC)8 CGCACAGTGAGGAAGAAGAA 183 57.8 0. 480
CCATAATCTCCGCTTGTGGT

P35 (GCT)9 AAAGCAGGGTGTGCTCACTT 198 57.8 0. 802
AGGGAGACCGGAGCATTATT .-

SQ4 (GCA)S CTCGGAACTTGGGCTCGGCT 150 60. 4 0. 840
CGCGGGGATTICTTGGGGGC

P42 (ATC)8 CGCACAGTGAGGAAGAAGAA 202 57.8 0.679
CGTTCTTAGCCTTGATTGCC

P55 (AAG)52 TACCTAATTGCCAGCGGTTC 242 57.8 0.839
TGGGAAGTTGGAGAGGATTG

SQs (CTC)8 TCTATCTGTTGCGGGTCGAGGG 208 57.8 0.754
TGGTGGGATCCTCGCGGACA

SQ2 (TCT)10 CGGCACAGAGGTGTCCTCTTCCT 211 63.4 0.732

TTCGGAGCCCGAGCCCAAGT

PHEAHRES BT HANEE (14T
No. P2-55 of the primers were designed by Yang C J,et al'""? and other primers were designed by us

1.2.3 PCR## PCR [ i 7 BIO-RAD 2 & 4
F=#Y iCycler1 70-8720PCR ¥ Y b i#1F, &3k
LIS R Bk & N : PCR 2 s ¥ 10 x PCR Buffer
2.5ul,25mmol/L MgCl, 2pl, 2. 5Smmol/LdNTP ( Pro-
megar A7) 2ul,0. 4U Taq B (0. 1U/pl 4pl) ( Pro-
megar A ), E FW#H 5 Y (33ng/pl) (LBATH
L) % 2l 8 DNA(20ng/pl) 1pl,ddH,0 11. 5pl,
M EA B IEARR, PHEFR 4CHE
5min;94°C A # 455, B iE B KB E Imin,729C ZE
1min,36 K EFF ;72°C LEf81 Tmin, 4 C{RFE,

1.2.4 BEERM KRNZYH S BEEBEMEE
K200V fE L 3K 2h S5, BEIA 125ml ZBE
375ml /K #8918 & ¥ & Pk 3min; ZZ 18K ¥ 1 min; 60%

HNO,8ml 1 500ml /KB A& KA 3 ~ 10min; F1HK
%k 1min; fJ 0.2% AgNO,500ml 3t {8 20min; 18 K
Bt Lmin; i1 30% A TCKBRBR SN 1L B 6 (1A 200l
Na,SSO, B HLER G4 #1 4ml HIEEIRS)) s 8 10% K
BRIl B BEKSE, T8, HAMMARERE
E 1% , B DNA Marker fiit¥ =Y BKE,

1.2.5 #8444 5 POPGENEL 32 HKGFHEHE
{3 K% . Shannon £ FEHEFEH Nei's BN B REHEHE
¥R ML R B Bt i A U AR AE B AT, FE X
& BRE 4T UPGMA B K01, R %4 Treeview
X8 60 i B S 46 A7 96 AITA RS X4 3R
¥k (UPGMA) BE 47 B R K E ., FRIERLAH
£ &M% B & (polymorphism information content,PIC)
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BAKXPIC=1 - Z £2318, 0 R i B8 B X R
# ., B GenAlEx6. 3(Peakall and Smouse ,2006)

1 < 7 9 M 11

MELEEEEEAULSXEN S FERET
4317 ( analysis of molecular variance, AMOVA) ,

Bl S P6M=-tHEERRAEEMOTMER
Fig.1 The amplification result of primer P26 for populations of P. notoginseng and its related species
%51~10,11 ~20,21 ~25,26 ~30,31 ~35,36 ~40,41 ~45,46 ~50 5} % B /58 Y ZZS \PBS.G1.G2.Q1 . Q2 M M BB &MY WER
The lanes 1 -10,11 -20,21 -25,26 -30,31 - 35,36 -40,41 —-45,46 - 50 respectively
represent the amplified results of population Y,ZZS,PBS,G1,G2,Q1,Q2 and M

2 ZRESQW

EESHNESH
i 33 ot R (R 7= o R AR, o b G 15 B R
WXL DES R, M EERNENERKS R
B—3, 30 1. 5493 [HA RSN ZEFE K Nei's A
ZFYE Shammon IR U R ZEFREHE TR,
WA EMERRE EREERLELMEE,

2.1

ARIEBRMBREEREELAER SUER
¥ 1.4038 ~ 1.4930, Nei's H [N £ #£ £ 0.1043 ~
0. 1387 ,Shannon 35 %1 0. 1638 ~0.2083 , &AM E A
B0.693 ~0.741, XA K. B LU RR
W6 MERR WILBEHNBRETRHEMNBEFE,
XIS BEERED(F3), SBWHEHAZT
400 ZEATRE, = LMBREERKRHEREE,
BH KRB SR, D BB,

%3 CSLARBBNBREER

Table 3 Genetic variation of 6 cultivated populations of P. notoginseng
FBEHLS Code FlIEHEBA ARG AN Ae Nei's BN BHH H Shannon f5 % / ZEHFEER PIC
Q1 1. 4695 +0. 5002 1. 1908 +0. 2989 0.1189 0. 1676 0. 1871 £0. 2451 0.725
Q2 1. 4789 +0. 5007 1. 1952 £0. 3019 0. 1221 +0. 1667 0. 1930 £ 0. 2437 0.736
ik (4 1. 5493 + 0. 4987 1. 2109 0. 3095 0. 1315 £0. 1702 0.2082 +0.2469 0.750
Gl 1. 4883 +0. 5010 1. 2045 + 0. 3067 0. 1271 +0. 1706 0. 1997 +0. 2485 0.710
G2 1. 4930 0. 5011 1. 1984 +0. 3105 0. 1224 +0. 1696 0.1931 £0. 2458 0.724
I ] 1. 5493 £ 0. 4987 1.2205 £0. 3154 0. 1367 £0.1732 0.2154 +£0. 2505 0.730
M 1.4038 +0.4918 1. 1670 0. 2847 0. 1043 £0. 1618 0. 1638 +0. 2380 0. 693
Y 1. 4272 £0. 4958 1.2414 £0. 3638 0. 1387 £0. 1930 0.2083 +£0.2753 0.741
=t 1. 6244 +£0. 4854 1. 2524 +0.3230 0. 1568 +0.1767 0. 2466 +0. 2540 0.729

A:allele number; Ae;effective allele number; H:Nei's gene diversity;/; Shannon’sdiversity index ; P/C ; Polymorphism information content

2.2 BESURBEEN

ifiit POPGENE 43 #7 R, =L #k 35 /B BE ) 9
HE LB (Gst) K 0.2350, %8 6 NEHAHFE
E—EMBREML. WZEREEZBNITFHEN
(R BREBNBETRP,72.54% 815
BREFETFREHBAANKE, T X @M REERH

15.14% BB Z AN BETR L 12.31%,

2.4.3 BEXR =ZLREEEANEXTFS . B
EtHEEHREAEN S RIA, ZLEHEX
RE—R . AREXRF2RE—E.BREAS5R
N=tRE—-B, HP=LEBEKXTSHHR
& —B 7 0.8200 ~0. 8489 Z[A (% 5), FHH
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R4 FEZELERBEHENSTFHENN

Table 4 Analysis of molecular variance( AMOVA) of six populations in P. notoginseng

ERERE 1Y o BEFHM FENE FESBILH(%) P
Source of variance df SS Variance components Rate of total variance P-value
X f&] Among regions 3 625.613 3.122 15. 14 <0.001
J& B (@] Among populations 5 182.217 2.538 12.31 <0.001
J& BN Within populations 169 2452.700 14. 955 72.54 <0.001
RS5 FEEHEMNNei's BEE—HE (HAGLS)NBEES(HBETH)
Table 5 Nei’s genetic identity ( above diagonal) and genetic distance ( below diagonal) among populations
R E Code Q1 2 Gl G2 M Y 278 PBS
Q1 AR 0. 9755 0. 9659 0.9422 0. 9487 0. 9367 0. 8376 0. 8028
Q2 0. 0248 ETTE 0.9578 0.9417 0. 9552 0.9321 0. 8351 0.8142
G1 0.0347 0. 0431 22%% 0.9795 0. 9694 0.9398 0. 8433 0. 8020
G2 0. 0595 0. 0601 0.0207 L 0. 9624 0.9319 0. 8200 0.7979
M 0. 0526 0. 0458 0.0311 0. 0383 r¥x 0. 9302 0. 8489 0.7795
Y 0. 0654 0. 1802 0. 0621 0.0705 0.0724 x4% 0. 8217 0.7975
278 0.1772 0. 2055 0.1704 0.1985 0. 1638 0. 1964 s 0.7016
PBS 0.2196 0. 0703 0.2207 0.2258 0. 2491 0.2262 0.3543 PEELd

0834, =Lt EHERI=LtHBAE—-BEE
0.7795 ~0.8142 Z i}, £ K 0.7990; X F B MR
A=ZLWHBE—BERO0.7016, B FRA=L
mME,=tE5%FSHNBEERTR,

6 A=t B¥ 18] /9 38 15 — B £ 0.9302 ~
0.9795 Z [&], 4 0.9513, ok AT B X1
OR3P EHMBEEXRERE, #15—BELY
$0.9704 R BRI A FEBE S H AL JE BE B S HE B AR

XBGE , #E—BE TR 0.9341,
MNE2AUFEH, 6 M =LtEHREE—E, 5
FfE . BA=tReNHF. B FRAL=LMW
B ZLERFESNAMEEREIL, MEEM6
PZLEHESANIANMEB . EXB2INEH
NSRBI EXB . DEERATEHHFM 24
BHANE2XB . ALUERGERE» N4

rK#,
— QI
——sz

Gl

G2

M

y 7

775575

PBSHiI=+

2 XF EST-SSR {RiZHIRE E 28 UPGMA &M
Fig.2 Dendrogram of UPGMA among populations on EST-SSR markers

3 itig
3.1 ZHEBEEBMEEERE

FARELREITERAFE, PR FE
AR B R BE N R AR, O D B R,

BETHERDMHAZTEFARKELNER,
ERURSHBETFRESE N TMNMLS, AHEA
MFATERM, BRI LR TR &9 F S
BRI MR AW E R RARENE ™ Bl
3Ol = AR B R B R R S A £ B A EST-
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SSRHREA, ZHXW=ZLRIEERAEEEN
BELHE. X—-F AR TFYRRITENER
FOWBESAEAX, FAANESHERRT
FEEHNESRY, S—FTHBET=tHNEE
EEEFE=tAEP A ELAER S, EEAR
FEHERENERTCRATHEATERAERE
FREE, SEFENRETERIZLHRESE
MREEEEOMH HREF=tHWESBENEM
ZtHBEABUAREEENE L,
.2 SLEHREREMNBEEIUNFEEXR

HRHE = B B Ak o 3 15 A Ak A s S BE A
WER, ZLREIREEHABEESBERE,
MRl EREE AT, AS5H M
BRABE—-REHRN0.9341, 5 ZHEMBE
SRR, BEHE MXEHERFAAB, —F
HAERE TR AT RIREEESD E=LH
HERKEBEBEX N (BRSO X W) A E A
WENTENTEREMBXANRELR, B
—FEAES=LRHEHNER L, = LT
H—REEHK 1300 ~1600m R E T , REBH
BBk 1600 ~2000m X B4 =5 & =L, R=H
FHFERBEAIAE  ERETMHERIEERR
BE—BERS, BREEREEILBER B
EHBHEREH XATEBE= LYk 400 L4
WRER— T BAEBE BAERREEXLHS
HRHEERHAE,

it %t = 5 HE % a4 8 45 9 4k F st 15 BB
BONMER RE=ZL5FL=tNHGERRESR,
H=t5% F3HELEERESRO=LtH
K. X5EFHEV BN =L HF2 . RU=
LtHEASR6F 1 AR E 5SRNA £ K F 5
ST BA=ZLt5XFSHREEE &N
RER—B. A, Wen £ EIXASRE 124
MHEEMAEEEITSHFSIFIEREER,
EASRHYTE=ZL ITS FIER R/ EK
FES,ISFIEREHENN2.78% ;=L 5
RU=ZLtMITS FRLRE2REAMER, KN
5.18% AN B M UER = LE5% TS A4
WHEMFEEXE,

4 &

ASGE A X W = B R S
BREZA (D XL=ZLREFHAF EFTHNRE
ZHAE ERBETER I ERAETEBEAMEE,;
Q) AEEABHRXARH R SBE=LE
b, IX (6] F0 2 B¥ (6] B4 B B8 32 0900 %, 8 4% 40 AL D5
G)RENWER, ZLHEFSAEBEMBEX
R MERA=LBIEEERIE,

it L =LA EABENEE L ERALE
PRUETARFY, ZHRXFLGHFRLAGH
ERELABBZEFTRAZEITEREIRTS
FTHRCHE,

BEAR ’
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