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Abstract: Panax notoginseng is a perennial herb with long growth period and reproduction cycle. The inter-
population diversity was low while the intra-population diversity among individual plants remained higher.
Among them, the ginsenosides content of individual plants were significantly different among groups, providing
a theoretical basis for deploying the group selection approach. In this study, 11 group populations (SL1-SL11)
were constructed according to the content of five saponins (notoginsenoside R1, ginsenoside Rgl, ginsenoside
Rbl, ginsenoside Re, ginsenoside Rd) in P notoginseng. The contemporary and first generation group

population were compared and analyzed base on the saponins content. In addition, the genetic diversity of
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populations was evaluated by using 17 pairs of polymorphic SSR markers that were identified from a total of

255239 SSR polymorphisms. Resulted from the genetic diversity of the first generation population of SL1-SL11
that were evaluated by SSR markers, the high heterozygosity (0.4583-0.6042), low genetic differentiation (Fst=

0.0447) ,

and high gene flow (Nm=11.6189) were observed. Although there were no significant difference in

total saponin among the populations, the coefficient of variation for notoginsenoside R1 was higher than that for

total content of five saponins and other monomeric saponins. The notoginsenoside R1 content in the SL&

population was significantly higher than that of other populations. Collectively, this study produced group

populations using saponin content as the target trait, and evaluated their genetic diversity using SSR markers.

The newly-generated population with higher notoginsenoside R1 content can serve as breeding material in

breeding of Panax notoginseng.

Key words: Panax notoginseng ; mass selected populations ; simple sequence repeat markers ; ginsenosides
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JRE 1R 3484 =LA BRI T2 B0 IR
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1.2 EFSENEN 1B EFAE EE

WA 240 B 3 4F AR =L HEF T SRR S I E
KRS 21 Rgl . AZ 47 Rbl A S B AT
Re, L 217 R1IALAZS B AT R I FhaG i, I s
Hil A 1 mL % A S B 1Y Rel 0.4 mg, A S B 1F Rbl
0.4 mg. —-LEHRI 0.1 mg. AZ 1 Re 0.1 mg Al
ANZ AT RA 0.2 mg MRS PR IE A . B3 4R A
“EFRBAE0.6 g, IMAFELS0 mL, FRE i E
TR, 80 CoKI FARFROH 2 h, W 2 e e T i
IR AN 2 R, FE 50 0.22 pm flFL U 358 B
VRV o 5 R ROBOM €335 1 (Agilent 1260 Infinity,
&) S AN, 4354 A Agilent ZORBAX Eclipse
XDB-C18(4.6x250 mm, 5 um) (ZZHEE R A PR
A, SEE) , JiECN 0.7 mL/min, FE3E 30 °C, FEREIATR
10 uL. ZIE MRS A K NS B, #3 1 h 2
BEA TR BE VR, ASHI % 4K 203 nm ™Y

®1 RIBEBERBRER
Tablel Mobile phase gradient elution procedure
Fif ] (Minutes) s A (%) B B(%)

Time Mobile phase A Mobile phase B
0~12 19 81
12~60 19~36 81~64

R B R A AR R T A A R A R
A, SL1~SL4 Hy G52 1 1% 5t i T 10% 1Y SRR L,
SLO~SL11 FH 05 1 & s AR I S AR AL A, 11 4R 1A
BEARF R 20 K 45 BEUA S AC SRR AT TR AR 1
SRR L

®2 HREFARGHRER

Table 2 Information on contemporary group population

construction
RS2 pogg SRR o)
Population Traits Range of saponin Mean
content
SLI SHpRT 12.83~14.13 13.30
SL2 RIS 11.73~12.59 12.13
SL3 SFp T 10.87~11.64 11.20
SL4 ST 10.16~10.77 10.46
SL5 ANZ AT Rel 4.43~5.62 482
SL6 AZSE1FRbl 4.13~5.10 4.46
SL7 AZS BT Re 1.49~2.31 1.73
SL8 —LEIFRI 1.36~2.41 1.97
SL9 SHpR T 3.78~6.11 4.80
SL10 SFp AT 3.21~5.81 4.48
SL11 ST 2.74~4.94 3.66

1.3 SR EHRERRE

AR AR MR A 2 BECHE 8 S AR S
—FE R CE A ) e 11
TV AL - BAERE S BT P
FEFERA NG R E R AT ) | &2 AR 25
7 ZEER R EAR ERER (s <R
M), EAREEE (B KPARE), LR (S
B R AE TR T .
1.4 =t&£EFZHSSRIRIEHFE

I PSR A = £ 5% 3L H 4 PavIl Al
PnV2'"* AT 4 5L 417K F SSR 43 FhRid & o
fii F§ MISA (Microsatellite identification tool, http://
pgrc.ipk-gatersleben.de/misa/) X} PnV2 ift4A<i#:4T SSR
PRCI A&, R S0 1.2.3.4.5.6 D RFERY
B B/NEE BN 12.6.5.5.5.5. 4P
£ SSR =[] 114 ik KL £ <100 W 7 S &2 4 78 SSR.
AR A SSR AR L M i O T 2 4] , F| ] primer3 (http://
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primer3. sourceforge.net/) I ARiE 519, &K &N
16~24 bp, PCR P2 ¥ 7E 80~350 bp Z [a] , Hi A S ik
FEAMBOAS L

XF 1 12 ARAT B ARIC 5| 0 7E PnV 1l Pnv2 L[]
AT R A BEEE U N (e-PCR) 23", ff
FA Xshell 541847 =-E£ PnV1 fI PnV2 B L H 4 e-
PCR i da QI , eS80 -w7-10, #1 ] re-PCR
AT A TE P RRAS (9 5 (K 20 Hh 64 T e-PCR 387, 45 6
5 perl IIASIRAT I A MUAS LR 40 P AL B 388 14>
L BB IC 514, Ja TR AR 10 5 [ 99 7E Pnv2
FEH4H CDS 741 H FEifE AT e-PCR, 3RA57E PnV2 bl
A% CDS HRT 73 1AM 5, AN SRR 4L 2 )= K
JEAHZE 20 bp Lh_E W5 [k
1.5 E[FZH DNA REUK SSR #RIZ I IE

FH CTAB 75428 =-E 1 i DNA, H2 0.5 g Hif-,

®3I EESIBFIER

Table 3 Polymorphic primer sequence information

FEAT IS I A CTAB Hli$23& 500 uL, 65 C/KI M
#30~60 min, Pl JE A ST - Il (24:1)
1RG0, 1415 12000 r/min 20> 10 min, B 200 pL
EWEW . A FEIRFIIC K B, #E 20 min 5
10000 t/min B.0> 5 min, 3£ FIH W, A 500 pL
75% Z. T 10000 r/min 5.0 5 min, 3325 75 T
TH A . FH ddH,O ¥ # DNA , Ifid 1t 1% B hg
W 868 J1C L UK ARG DU DNA J3E &2 PCR J B 4 &
20 pL, BH DNA 1 pL, 1E 2 [a15147 (10 pmol/L) £
0.3 uL(£3),2xTaq Master Mix (MRS, B 50) 10 1L,
FH ddH,O #b &£ Z 20 pL., PCR YL : 94 C iR
P£3 min; 94 CAPE 155,57 CiB K 20 5,72 CHEfH
20 s, 230 MEER /5 72 CORUFIEM 5 min, # T
8% TR N I Fe A A8 P E S 6T PCR AT 3 7™ Wy idk A 1A
D 38 S R Y A RATY B S

519 Em51#(5'-3") Fem5#(57=3")

Primer Forward primer(5'-3") Reverse primer(5'-3")

SSR1 AGTATGTCTCCAACAAGCTCAGG ATCTTTGAACGAGGTAGCTTCAG
SSR2 GATCGCCGGTTATGTATTTGTAT TCCTAGTAGTCGTTGCACGTAGA
SSR3 TCCCGAGTATCAACGTATTTGAG ACGTCAGAATGTTTCAATTTTCG
SSR4 CAAAACTTAATCTGATCACGTCG TCAGGCAACATCTGAGTTGAATA
SSR5 GCTCTAGTTTGGAATTGCTTTGA GAGCATTGACCCTATCTTAGCCT
SSR6 TAGCTATTCGTATTTGGTGCCTC ATTAGAAAAGGAACGCATGGAGT
SSR7 CTAAAATCCTCCATTACCAACCC GCAAATGCAAAGTTACAAAAGGT
SSR8 CGGTGGCTATCTGCTTGTG CGCGCGTTTCAGGTTTAT
SSR9 GGTGGTGAAAAGCCCAGA TGCAGACAGCATAGGAGGC
SSR10 TGAGGTCGACCCAGGAGA TTTTCGCCAATGACCAGC
SSR11 GTGGCGTGGATGTGTCAA AAAGGGACCCAAACTCCG
SSR12 GGCAATGTTCAGCCTTGG ATACTGCCCGTCGGCTTT
SSR13 CACCTTCGGCCTAGCCTC GAGCGTTATGCGGGTGAC
SSR14 GAATGGTCGAATCACGCC GCACATGGGGCATCTAGC
SSR15 TCCCAGTTCTCGACAGCC TGGATTGCTGAATATGCTGG
SSR16 AGTATCATGGCCTCGGCA CCCATCAGCACCAATTCC
SSR17 AGCCAACATTGCCACCAT GATTTGCGCCTGCCTAGA
SSR18 TTCTTTATCGGCCCCTCC GGAAGGCTTCAGGCCACT
SSR19 GGAGCTTGTTGCTGCAGAT TCATCCGCTCGGTATGCT
SSR20 ATGGCGCAAGCTGTATCC AGCCACCATGCCACAGAG
SSR21 AAGGCCACGGAAGGGTAA CATTGAACCCACGCATCA
SSR22 AAGGCTCCGAAGAGAGGTG TTCGGCCATCTCACGAAT
SSR23 TGCCTGAAAAAGTCCGGT GGACCTCAAGGTGGCAAA
SSR24 AGTGCAGGTTTTTCGCCA CTCGAAAGCCTCCCACAA

L6 HEHRB A
R4 PR O O i e 5 0 AT 4 25
O 1, T A 0 0, 57 45 bRiC 7 Y

0, 1 HRE % . 1 Popgen32 B4 Hibnic 51 4
A AR JE R4 (Na, the number of alleles) . A 3K
EE v B R $ (Ne, the effective number of alleles) . Wi
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27 4 & (Ho, observed heterozygosity) #2244 &
& (He, expected heterozygosity) . & & 55 B 5 8 (1,
Shannon’s information index) . £ 215 B ¥ & (PIC,
polymorphic formation content) st {553k 2 5 (Fist,
the F-Statistic) . #& [A i (Nm, gene flow) 5§ &
#2 . f# il Excel Al SPSS19.0 43 #F =L 4 2ok
AR A L IR) R 00 2 25 1 20 B R T B IR Ry 22 03
BT (LA P<0.05 4y . 3 1k 2 S I )

2 HER59H

21 =t&£ERFASSRIFIEHA X SWIE

M PnV2 J [K 41 90336 25 F [K 21 1548 (Scaffold)
rbr G 0 3 255239 > SSR A7 A, 43 A T 30605 45
JEZH B 28, Hodr, 47 20533 45 Scaffolds £ 75 1 4>
DLl SSR AV s (£ 4) . M4 SSRAZ 11 R & & 2%
A, SSR B & ot A 1 %] 6 B H 4 5 17973
183777 .45145,4336.2018 . 1990 (& 1) ., £ PnV2
FH PR 2 H R I 31 255239 ML, BT 182501 X
LS Y, WY 14 20846786 4 SSR 7 £ , “F- 14 454>
PRIC A4 3G 114.2 M o Hir, e-PCR i 3 3
A 97396 AR AL RE Y 1 AN AL A, L
53.37%(3%4).
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F4 =HEEHESSRIMZHHEE

Table 4 Distribution characteristics of SSR in the genome
of P. notoginseng

SSR % 7E geit

Statistics

SSR locus identification
PnV2 JEP LRI ) 7 415 H 90336

Number of PnV2 genome sequences examined

PnV2 3L BRI KGN 21 7 4 ) K (bp) 1790761764
Total size of detected PnV2 genome sequences
PnV2 JER 3] SSR %t 255239

Total number of SSRs identified in the PnV2 genome

PnV2 BE [ 2H {0 3% SSR i 7511 H 30605
Number of sequences containing SSRs in the PnV2

genome

PnV2 SEIK 615 1L B SSR AR 41 Hit 20533
Number of sequences containing more than 1 SSR in the

PnV2 genome

AJ i 3 Primer3 B35 |44 SSR AV 44 182501
SSR locus that can be design with primers using primer3

PV 1 LAY 1Y 1AM S AARIC 60979
Markers at 1 locus were amplified in the PnV1 genome

PnV2 L1 1AL AARIC 97396
Markers at 1 locus were amplified in the PnV2 genome

PnV2 JEFE4 CDS FPREY bR 1738

Markers capable of amplification in the PnV2 genomic
CDS

ANFIEEE 2R TISSREES
SSR motif of different repetition type
mono-F/R L HTREE , di-Fm WL HMREE , ri-FoRn R EE  tetra-FR U HTREE
penta-F/Rs LT IR E R  hexa-FoR AL TR ES

mono- for single nucleotide repeats, di- for dinucleotide repeats, tri- for trinucleotide repeats, tetra- for tetranucleotide repeats, penta- for

pentanucleotide repeats, hexa- for hexanucleotide repeats
1 FREEEXESSREFHE
Fig. 1 SSR number of different repetition types
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TE PV 3 K 2H v, 97396 > bR ic A T 4 48
73918 M7 i, Hirh AT 60979 ANFRIC AT 4 4 1 B 7
R, 7EPnV2 CDS P4 kAT e-PCR 43041, 47 17384~
FRICTE PnV2 3 [ 41 CDS 7 41 i ml il 4™ 384 2136 4
fsf o Hor A 4144 FRICTE PV Al PnV2 5E K 41
HH e-PCR YA Y K EZR A 1024 Frid

M

250 bp

250 bp

i) e-PCR J=#) 22 5 KT 20 bp., i [ 102 M Hric 78
1AM R b UEA T 3R DN R IR M R A M B I 36
A 60 M FRic AT H AT, B ROy 58.82%, H
17 M FRIC (SSR8~SSR24) 75 11 15y 4 F B4 ] B
A 2BEE2),

2 EB4 4 SSR2 A0 SSR7 BT M5 Bt B 5% At L ik A i)
Fig.2 Part of the material polyacrylamide gel electrophoresis detection with primer SSR2 and SSR7

22 N REFABTEESHEES T
FIFHETHABFFE Y 7 %5 (SSR1~SSR7) Z A bRic
19, L R AR 56 3R A5 1 17 %F (SSR8~SSR24) b
W51 (R 3) 6 1R BRI T it fE Z R 53
Mo S5HFRIT, 24 FRICHE 11 B BEA R AT 338
W S2 AN SR BRICY AL 1 2.29 4 s Hi

®S5 SSRIIMETHMED
Table 5 Polymorphism analysis of SSR primers

SSR2. SSR5. SSR7. SSR13. SSR15., SSR21 ., SSR22
AP 3N . 24 MR ICZE B E RS REN
0.0468~0.7514, V- 2805 B & {H 7 0.4125,9 1
FRic R 2 A, 10 M hRid iR 2, 5 AV
WWHIRZ A PIEE b R 5 (Fst) 2 0.0447,
SEFERR (Nm) A 11.6189(F 5) .

RO BROLIN AECEROLRE RRGEHE WEAATE  WEAAE SAGEAR BEAMRN LR
Locus Na Ne 1 Ho He PIC Fst Nm
SSR1 2 1.9555 0.6817 0.6111 0.4906 0.3453 0.0557 4.2380
SSR2 3 2.3082 0.9189 0.5238 0.5690 0.6803 0.0252 9.6529
SSR3 2 1.6101 0.5667 0.4286 0.3804 0.4255 0.0411 5.8398
SSR4 2 1.9969 0.6924 0.7222 0.5012 0.2581 0.0454 5.2570
SSR5 3 1.3987 0.5529 0.3254 0.2862 0.6482 0.0526 4.5022
SSR6 2 1.6602 0.5870 0.3730 0.3993 0.4739 0.0465 5.1209
SSR7 3 2.0259 0.7544 0.5952 0.5084 0.5892 0.0514 4.6172
SSR8 2 1.9938 0.6916 0.8651 0.5004 0.1296 0.0174 14.0928
SSR9 2 1.0080 0.0259 0.0079 0.0079 0.5000 0.0457 5.2250
SSR10 2 1.0322 0.0815 0 0.0314 0.5156 0.0710 3.2716
SSR11 2 1.9989 0.6929 0.9444 0.5017 0.0468 0.0033 76.5634
SSR12 2 1.9898 0.6906 0.5476 0.4994 0.3756 0.0722 3.2113
SSR13 3 1.9834 0.8291 0.5397 0.4978 0.6457 0.0760 3.0391
SSR14 2 1.0241 0.0646 0.0238 0.0236 0.4997 0.1734 1.1917
SSR15 3 2.1450 0.9142 0.3492 0.5359 0.7514 0.0487 4.8872
SSR16 2 1.9756 0.6870 0.6667 0.4958 0.3024 0.0306 7.9234
SSR17 2 1.0080 0.0259 0.0079 0.0079 0.5000 0.0571 4.1250
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g BRI AN FREDEE WERAGE WERGE ZELEE SR FER
Locus Na Ne 1 Ho He PIC Fst Nm
SSR18 2 1.9980 0.6926 0.6349 0.5015 0.3315 0.0421 5.6928
SSR19 2 1.0322 0.0815 0.0317 0.0314 0.4995 0.0327 7.3913
SSR20 2 1.9999 0.6931 0.8492 0.5020 0.1451 0.0215 11.3966
SSR21 3 2.5067 0.9858 0.8095 0.6035 0.5732 0.0293 8.2778
SSR22 3 2.6127 1.0253 0.9921 0.6197 0.4950 0.0189 12.9441
SSR23 2 1.9955 0.6920 0.9365 0.5009 0.0619 0.0085 29.2042
SSR24 2 1.9955 0.6920 0.8889 0.5009 0.1075 0.0060 41.1890
I 2.2917 1.8023 0.5966 0.5281 0.3957 0.4125 0.0447 11.6189
Mean

1R A BRI AL ZRE MR ATl R R | 4575
A Py WL 8 2% A B (Ho) 0.4583~0.6042, F- ¥
0.5288; 1 B2 2= & J¥ (He) 0.3787~0.4392, - ¥4 Ny
0.4007 ; T A i B A58 (1) 79 0.5123~0.6198, -3 Ky
0.5708. 11 A RER B 2 5 B (He) ¥/ T UL
AT (Ho) 25 oW, 11y BEIR IR G4 404k
(OAFAER R I I (Nm) BRI PN isAE ZREME S
A S B TAE A RHA N 1 BR8] (R 6) .
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Table 6 Genetic diversity analysis of 11 group populations

Bk %ﬁ ﬁ?ﬁ’%{ﬁ R OWESE IR
Population BRg EPE% B4R AE T
Na Ne 1 Ho He

SL1 2.0833 1.8132 0.5974 05128  0.4112
SL2 2.1667 1.7899 0.5945  0.5347  0.4048
SL3 2.0417 1.7513 0.5609  0.5000  0.3873
SL4 2.1250 1.8329 0.6198  0.6042  0.4392
SL5 2.0833 1.7723 0.5767  0.5078  0.3940
SL6 2.0417 1.7936 0.5842  0.6042  0.4167
SL7 1.9167 1.6632 0.5123  0.4583  0.3899
SL8 2.1667 1.7496 0.5808  0.4958  0.3993
SL9 1.9583 1.7339 0.5463  0.5104  0.3944
SL10 2.0000 1.7292 0.5490  0.5472  0.3787
SL11 2.0000 1.7490 0.5564  0.5417  0.3919
ES[IEN 2.0530 1.7616 0.5708  0.5288  0.4007
Mean

23 EFBREEES=ELESH
X 1143 B2 R (1) 55 — AR 1A R i 0 5
PR BAT S T, 5 SR A R R R

TR, 1 AR ARSE — LR

oy

11.60%~15.61%, N\ Z 2 1F Rgl & & K 4.03%~
6.11%, NZ A7 Rbl & & K 3.48%~5.80%, N5 2

1 Re & i M 0.59%~1.23%, — LB RI S &K
1.54%~4.96% , \ % %47 Rd & i 4 0.26%~0.52%.
11y SE AR — AP R B & A2 10% LA T
MG BE R SL1 B R AT % 5k 13.30%, SL2
12.13%, SL3 Jy 11.20%, SL4 /3 10.46% , %5 —1X SL1
BER S B 5 2 11.60%, SL2 4 13.87%, SL3 N
15.61%,SL4 4 12.87%. 5 4L B AH L,
55— SL2~SL4 S B 17 i i, (H AR WA S 5 T2
—fQSL9~SL11, £ I frik, SL1~SL11 4 I #EAH
— AR, SRS RN B AR
SRR B i FL R B, 1L S TR
HAZES ., YABIASLS AZ B Rgl &N
4.82% .SL6 N2 2 Rbl 5N 4.46% .SL7T NS
HRe it A 1.73% .SL8 — LR R 58 K 1.97%,
55— UHEA SLS AS 217 Rel &84 5.93%.SL6
NS HAFRbl 5154 5.08%.SL7T NS AT Re Sl
1.16%.SL8 —-LRETFFR1 &4 4.96%, HFH—ICHHA
EPYAHEARAA L, SLS BfAH A2 511 Rgl .SL6 Hf 1A
H NS 41 Rb1 SL A =L AT R i m .
AR — AR R BT 5 1, KL SLS A 47
Rgl &4 F SL6~SL10, fik T SL11{H 2 55 R HH i 5
SL6 AZ 11 Rbl % it fIk T SL7 F SL9, i T HAHE
REZERAHE ;SLTAS B Re T EHE AT
SL8. SLR #4 & B 4 A Bk B 12 17 1% 42 v [ 7
5.34%~8.87% 2 Al , *F- ¥ {1}y 6.68%, W] & Ak T
SL1~SL6, itk =8t R1 S H1E1.36%~2.41% 4],
SEPHEHF1.97%, WA B =T SL1 ZAMNARFA . 4R A
SL1 AZBAT RA & 2 B i i P A (HESE
e SL1TAZ A7 R & =B B AILF SL2~SL11, 2%
—fHEAR SL2~SL11 Z B AZ AT R & L B 2=
5o BB fUHEA SL P MR AT 5oM 14.06%, HH:
AR A R E LS, LRI RIFH T EE
4.96% , FH it = T A 10N EAR (1 3) .
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Fig.3 Compare with total saponins and monomer saponins in 11 group populations in 2018 and 2021
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Fig.5 The heat map of coefficient of variation for 17 traits in the 11 group populations of P. notoginseng
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