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Genetic diversity of three germplasms of Polygonatum based on SCoT molecular markers
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Abstract: Objective To explore the genetic diversity and phylogenetic relationship of three germplasms of Polygonatum from six
regions in Hunan Province. Methods The SCoT-PCR reaction system was optimized and primers were screened by orthogonal design
using 34 germplasm resources of Polygonatum. The genetic diversity, genetic structure and genetic differentiation were analyzed based
on the selected primers. Results The optimal SCoT-PCR reaction system was obtained, and 15 primers with good polymorphism
were selected, and the polymorphism band ratio was 94.45%. At the species level, the average observed allele number (Na), average effective
allele number (NVe), average Nei's gene diversity index (/) and average Shannon index (/) of the three germplasms were 1.678 3, 1.268 6, 0.174
0and 0.278 6, respectively; The results of cluster analysis showed that polyflorin and polyflorin were clustered into one class, indicating
that they were closely related. As a single branch, it is far related to the other two germplasm. total genetic diversity (H:), gene diversity
within population (Hs), coefficient of gene differentiation (G«) and gene flow (Nm) were 0.210 4, 0.174 0, 0.173 3 and 2.386 0,
respectively, indicating a high level of gene exchange among populations. The results of AMOVA showed that 84% of the genetic
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differences were within the population and 16% were between the populations. The analysis of population structure showed that 34

materials could be divided into three groups when the true number of clusters (K) was 3, which was basically consistent with the result

of cluster analysis. Conclusion SCoT molecular markers can be used to analyze the genetic diversity and genetic relationships among

different germplasms, and provide a scientific basis for the identification, protection, development and utilization of germplasms.

Key words: Polygonatum Mill.; SCoT marker; genetic polymorphism; genetic relationship; group structure

WK N A A B ( Liliaceae ) ¥ B
Polygonatum Mill. Z fFAE B ARKEY), W 4MNEEAF .
AU, BRAEE S AVE A, EZEEE,
FLRE A 73 A7 2 ThAR M & 52t NS, #59 “All
NAAR” CRBARE” 031, FREER T 1E NI RAEC T
FE B an AU A T N, s AR 2R
PRy ARG, HAER & T g A g £ L
FA AT ST, FE TR 45 70 08T [ RS J b )R ik 22
FEUN, FEPNAIZR A IS, T A A5
DEUR A AERR S E ST E 2 AR ORB I R 24
T2 H B EW T TR RS, 73 Fhrid 2
PRI EE . IS AL %08 2 R BT SE)
ARG EETF B 2009 4 Collard 1 Mickill ¥ X2
H H AR 4G %S 7 2 &£ -PCR (start codon targeted
polymorphism-PCR, SCoT-PCR) Hritif %1%
DY FhRd, B MR, FrE. Uk HAA
AR 52 SRR R M T id ),
ANFTERLW IS BB, EFEkR, SCoT bridkk) ™
Z AT RGP, 2000 Hpgil G025 Y)
IR B AL 2 RN AT B R B s AL o) ki
Fo BIPFEEMEYERN. €. HT25RE, B
EAAEK T RIEER I, WA AL = 5 a5

[F) VL R B P R 0 1L K () VLT B P ey,
TE R R KGRI U, DU B ARG R T
B AR YRR, S ZIETOR . KRR
B SR A4,

AT R ] A Ab 27 30 TR SR A ) T 9 2 4
H T RG I AR RS MBS DT, R
Z AL TTHFRAR T, B SCoT 73 7rid
PR L T SRORS At o 0% 538 A% 22 BRI 0 M S it A
% e B A EER L. AR TIERZR RIS
B FE SCOoT-PCR 4 Mg 1k F K Ui i 22 M BLUF 1
SCoT 51%, Xl Fg 48 A [F) 70 A1 X 2K L 5
MOk KRERORE 3 ANFIRE 34 40 30kS e it B2
W% 2 BV SR Gk RIHT IRV, Bk IR
17728 . MR IR R SIF RIS S % .
1 #RER. (B8R
11w

AWFFCRIER) 34 sk JmFEAME BLER 1.
KA 4~5 Friort, B RIRONBREER, i B T
—80 CUKFHIRAE %M o MBI R R 2 K £
B A% 2 N2 AL HRE P, cyrtonema Hua. G 9k
P. cirrhifolium (Wall.) Royle LKk P filipes
Merr. ex C. Jeffrey & McEwan.

®1 HAERBEM N RERR

Table 1 Materials and sources of Polygonatum for testing

iy PhEE 44 KV REERTE | w5 FREE 44 pSU KL A
1 DH  Zi#k  AJiTiZs 2022-06-22 18 DH  £ic#k  Zibis  2022-06-07
2 Y B EETFLE 2022-06-04 19 DH iR wKEL 2022-06-19
3 Y  BHEKE KMTEE 2022-06-22 20 CG  KHigeHs  AMTEE  2022-06-22
4 CG  KHEEmK: et 2022-06-07 21 DH itk KMT@EE  2022-06-22
5 Y BN R 2022-06-27 | 22 JY - BMEE AkMTEE 2022-06-22
6 CG  KHEEK kM TiEs 2022-06-22 | 23 Y BHER fuEREE 2022-06-07
7 Y  EMEk 2022-06-27 | 24 CG  Kifmk  AMTEZE  2022-06-22
8 CG  KEE#K AMTIZE 2022-06-22 25 DH  Zieiks  Z2ibiahis  2022-06-07
9 CG  KEE#K AMTIZE 2022-06-22 26 DH  Zieiks  WMKELL  2022-06-19

10 DH  Zfewk  JdolTizd 2022-06-22 | 27 DH ek AMTmE  2022-06-22
1 DH  Ziewk wHHLE 2022-06-22 | 28 DH  £fe#kE  AMT@EE  2022-06-22
12 DH  ZIedk: WEMWX 2022-06-10 29 DH  Zieik  kMT@mE  2022-06-22
13 DH  ZTEdK WHTPLE 2022-06-04 | 30 DH  Zieiks  kMTmE  2022-06-22
14 Y B RS 2022-06-27 31 DH ik AMTEE 2022-06-22
15 DH  ZTEdK WHTPLE 2022-06-22 32 DH  Zieiks  kMT@mE  2022-06-22
16 DH  Zemk HlEmmmx 2022-06-10 33 DH  Ziewks KM T@EE  2022-06-22
17 DH  ZIEBH KYiliExX 2022-06-19 34 DH  Zieks kM T@EE  2022-06-22
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1.2 RAFISIEE

T Y K 2 DNA $2HURF &6 X DNA -
FEGZ M . Taq DNA 4. 10X Taq Buffer.
dNTPs. RNase. Loading Buffer (KAREALELFH IR
ANFD; mAEE IR CGEERHE R A FD;
TS-GelRed &R Gl (It R EYRHH AR
/AT]); DM2000 DNA Marker (FE it 284 MR H
IRAFD; 2 N2, =RRREEIER G (FEE
LR IR AT KR NE ol 2%
Collard ZEBHEAER 92 2% SCoT 514 (SCOT1~
SCOT92), JFFlH LilgE TAY TREARAF A
. Sorvall ST8R ZYEil /A4 B 0ol (FEER K /R
BHEE AT ) JY04S-3C RIS HUG 248, TY-
SPCT U HL 3kl . TY600 AU HLIKAX . TY-96G F L [A]
P Qb BB AR Bk & A RAF)D; Nano-
200 BUfE A BT (WU BUSRAER A PR A 7DD
QL-866 B Jig ik & 2% Gl 7 AR DR E il i A
FRAFD.,
2 7k
2.1 DNA EESH

KB RAR AR A R =] 0 4 RE A il
) DNA $2HUAGR I DU i 2 K12 DNA,
HARGIR LU TS, $EE DNA 525 E H 1.2% 5
FE W B I H RS L e e 1, IR R R 2 e B T
Frl DNA HI2EE 5E, Rl&H G MR 10
ng/ul, fETE—20 CUKFEE%H .
2.2 SCoT-PCR X MR FRRYIE IR I T

o W8 OE 22 BT 43 9 6 OB AR &R 10 X Taq
buffer (2.5U/uL). dNTPs (2.5mmol/L). Taq B&
fi (2.5U/uL). 514 (10 umol/L) I DNA FH& (10
ng/ul) #ATHAL, ddH.O #MEZE 20 pL. FEANEIZE
Bt 4 ANKE, St 25 N, @R iRk ) ik
H 16 MEBEFEATHT 73, BANEBEES 3 K. I
Wit 2.
2.3 SCoT 5|#)i#i&5 PCR ¥ 1%

BT MR RBAR R, CLEFERE 3 AR
9 DNA HERO B KA S 1) 92 %51 Wi AT 236
Mk, Sl h Bl T A TRARA A &
M HF R i HA S A T B AS  SCoT 514, PCR 474
FEF:94 CHIATE 5min; 90 ‘CAEME 305s,55.5 C
Bk 30s, 72 CLEH 10s, 35 MER; 72 CiE
#1110 min; 4 CLRfF. HL 6 uL PCR 3= 4) LA
1.8%35 IR eI F vk, FRLUK 45 SR FH B A8 &R 4t

o A B AR AF
2.4 BUERSH

XFF SCoT 73 Fhwid, KA N L 77 4i it
JRIE AT 2 15 255170 SCoT-PCR 74, 4 Hivk &
W R E AR JEMTA (BRI A “17,
A — L & o A B o B g5 i oy €07, #@Sr
SCoT FRic i) 0/1 #ik%. FIH POPGENE 32.0 4y
Mt E &R 2 S MHEA S EH (A 2NN A
H 4t (percentage of polymorphic band, PPB), Wi
AT FEREL (observed number of alleles, Na)« A
BEENLFEREY (effective number of alleles, Ne)+ Nei’s
FER Z AT (Nei’s gene diversity index, H) Fl
FA¢+8%0 (Shannon information index, 1); JEHEA]H)
L1 R 2L (coefficient of gene differentiation, Gg)
ALK (gene flow, Nm) KALHE; FIF NTSYSpe-
2.10 BAFH) UPGMA. J5iEx & FiiE R MR AT 2R
FoHrs R GenAlEx 6.5V ik T 3 AL 45 4 #7
(principal co-ordinates analysis, PCoA); i#iidt Structure
2.2 AR AL BRI A AT R AR A S5 K b, B T
FEAREL (true number of clusters, K) A 2~6, KH5
JRA] REE ISP RIS B EYE (markovehain monte
carlo, MCMC), FFEaI IAEEGIEA (length of burn-
inperiod) ¥ 1 5K, FRIEAMERUIERE ) MCMC
W10 J3IR, EAIXEL (number of iterations) 4 6.
{8 FIAE ;T E. Structure Harvester!'o1% 45 3447 7047,
FREUR A K fE
3 ERE5SH
3.1 ¥ SCoT-PCR ¥ A RAVE N

I B IEAS B a5 R T A, § 45 R
DNA B dNTPs. 54 10X Taqbuffer 1 Taq &
Gl EBIASARTAENEZER. ]E
(R) R/ T iZ R 20 I Bk & (s RR B2, 1)
18 Ko KN T BRI B AKCPIRIR 2R B3R
2 A[K1, 5 ANEEXT PCR RS 5 (5200 B oK 2
/MK IR R DNA F & > 10 X Taq buffer>Taq %
&> 51 >dNTPs. RIEHIEL R TR, DNA H
BHI KRN Ke 515 ECRIEN K3, 10X
Taq buffer 71|/ & KAE N Ka, Taq 56685 i KAE
N Kz, ANTPs FH i KA DY Koy 8045 B B bR S B4R
%N 3 uL B DNA (10 ng/pL), 1 uL 54 (10
umol/L), 2.6 uL 10X Taqbuffer (2.5 U/uL), 0.3 uL
Taq DNA & (& Mg2")(2.5U/ul), 1.4 uL dNTPs
(2.5 mmol/L).
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#*2 HEIERE SCoT-PCR R AR ERIEIT
Table 2 Orthogonal design in SCoT-PCR reaction system of Polygonatum

F5 DNA H &/l 519/ 10 X Taq buffer/pL Tag AR/ L dNTPs/pL T4
1 1 1 1 1 1 8.35
2 1 2 2 2 2 9.59
3 1 3 3 3 3 10.25
4 1 4 4 4 4 11.56
5 2 1 2 3 4 9.25
6 2 2 1 4 3 10.37
7 2 3 4 1 2 12.24
8 2 4 3 2 1 12.52
9 3 1 3 4 2 11.75

10 3 2 4 3 1 12.75
11 3 3 1 2 4 12.25
12 3 4 2 1 3 11.25
13 4 1 4 2 3 13.14
14 4 2 3 1 4 12.25
15 4 3 2 4 1 11.98
16 4 4 1 3 2 10.75
K1 9.938 10.623 10.430 11.023 11.400
K2 11.095 11.240 10.518 11.875 11.082
Ks 12.000 11.680 11.692 10.750 11.252
Ka 12.030 11.520 12.422 11.415 11.328
R 2.092 1.057 1.992 1.125 0.318
3.2 SCoT ¥ #ERZEMS 94.45%. ZAMELER S, K SCoT 4rFhrididHH

M 1 FPEEHLEEL 10 f3F4RExT 92 26 SCoT 51 TGO Mot i) 22 SEGL AT, E T B sebs s
BT 2 IKOfiL, BRESRAT 15 KT WP YNEm. HE BRI FIRITHE I A 15 2651900 34 45 Bopsfb
Vel HZ2 VAR R 51 (GR 3D, &gt it DNA #HT9 ., 3181 DNA FrBcE s g e
201 N (R, PRSI B HY 13.4 M7 100~2 000 bp, F:H15]4) SCoT-32. 5|4 SCoT66 %t
wo HPZEMALA 1334, THZEMAAEN 34 34PR SCoT-PCR # M IR LA 1. 2.

&3 SCoT 5|4 185 R
Table 3 Amplification results of SCoT primers

514 FP3 (5°—>37) BKIREIC PR AR ZEMEEE%
SCoT4 ACGACATGGCGACCATCG 58.6 22 22 100.0
SCoT6 ACCATGGCTACCACCGGC 61.7 15 15 100.0
SCoT9 ACGACATGGCGACCACGT 60.4 15 15 100.0
SCoT32 CCATGGCTACCACCGCAG 59.9 13 13 100.0
SCoT57 ACAATGGCTACCACCATC 51.9 11 11 100.0
SCoT58 ACAATGGCTACCACCGAC 55.1 19 19 100.0
SCoT59 ACAATGGCTACCACTACC 51.2 12 12 100.0
SCoT61 ACAATGGCTACCACTAGC 51.5 17 17 100.0
SCoT63 ACAATGGCTACCACTGAG 515 8 8 100.0
SCoT65 ACAATGGCTACCACTGGC 555 9 9 100.0
SCoT66 ACAATGGCTACCACTGGG 54.9 9 9 100.0
SCoT70 ACCATGGCTACCACGGCA 60.2 18 18 100.0
SCoT72 ACCATGGCTACCACGGTC 57.9 12 12 100.0
SCoT81 CAATGGCTACCACTGACA 51.8 9 8 88.9
SCoT92 GCCAGCCACCATGGCACA 62.8 12 12 100.0
Bt 201 200

FH{E 134 13.3 94.45
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123456789 10111213 141516171819 2021222324M 2526 2728 29 3031 32 33 34 M

w2500 bp

1 000 bp
750 bp
500 bp

250 bp

w 100D
SCoT66 i

M-Marker; 1~34-34 (3SR R4S, T EIR
M-Marker;1~34-34 germplasm numbers of Polygonatum, same as below figures.
1 3|4 SCoTé66 4 1 =L
Fig.1 PCR results by primer SCoT66

123456789 10111213 141516171819 2021222324 M2526 2728 293031 323334M

WS Se 1000bp

Ea
i = & 2500bp
. 750 bp

- - 500 bp

250 bp

100 bp

2 5|4 SCoT32 ¥ 1 &L
Fig.2 PCR results by primer SCoT32

33 BEZHMSH P B Y A B e 2. RSB REA

KH Popgenel.32 TH5L 34 kS @ Fh i SRR SR Naw New H. I. PPB YT 8—Fh (A B %
Ykt KF BB 2 S (R 4. BREE 3 M . SRR S . DH S 2= (PPB=
JEI PPBy Nav New H. 15354 67.83%. 1.678 3. 90.05%, N,=1.9005, N.=1.2521, H=0.1801,
1.268 6. 0.1740. 0.278 6. FTAFEAH] N, A 1.990 0, 1=0.3058), CG Mtk ZFMERAIC (Na=1.5224,
Ne A 12919, H0.2040, 15903425, RPIX3  N.=1.2500, H=0.1556, [=0.2423),

T4 ERRE 3 MRINEE SR SCoT 4

Table 4 SCoT analysis of genetic diversity in three germplasms of Polygonatum

4 PPB/% Na Ne H I
DH 90.05 1.900 5 1.2521 0.1801 0.3058
JY 61.19 16119 1.303 8 0.186 3 0.2878
CG 52.24 15224 1.250 0 0.1556 0.2423
“FME 67.83 1.6783 1.268 6 0.1740 0.278 6
ERLN 1.9900 1.2919 0.204 0 0.3425
34 BEEBRRESH SCoT Z3rFhric X B AG 8 3 FhiaA T35 15 4% FE 55

Nei's 18 A& AL R B0 3045 B 25 L MR K AP EERG A 0.068 5, “FIBAEMLIEE N 0.933 9. H 3 AMFf
UPGMA EREZE R mlanE 3. 4 R 5 Fros. J5 R85 PR B VG L2 0.057 1~0.090 7. DH F1JY.
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DH 1 CG. JY 1 CG M &AL 23 51l 4 0.943 9.
0.9445 10913 3. Z5 3 557~ DH Al CG )t fE #E 5
B/, 4 0.057 1; JY Fil CG KB B fom, N
0.090 7. >KF UPGMA JRyExt 34 1 B AE M kit
ITRGERE (B 3), 8L 7EN 0.27~0.88. &
MR 2R 2 RIEHE, SBIERHEE 8 MR, ok
VYN DH R, Hob 6 = Tk i i, 14y

FEFRIRE, 1 75 T A immis s SIS 26
B3RP, SRIEEE DH. TY. CG3 AN, 2T
TP I8 A5 BE B AT SR (B 4, SRR A7
AR IR, RN AR —eRE R
. DH 5 CG RE—25, 2 ANFlUT 118 14 B 2555
s Y VE NSO EL, B 5 R4 2 AR s R
B AT

1I

C

0.57

Coefficient

El3 34 HEFREMRERREER

Fig.3 Clustering results of 34 germplasm resources of Polygonatum

DH

CG

JY

0.91 0.92 0.93 0.94 0.95

HABL R

El4 HHERE 3 MERE UPGMA BESTLER
Fig. 4 UPGMA cluster analysis results of three
germplasms of Polygonatum
RS HEERE 3N MRIEERLENSEERES
Table 5 Genetic similarity and genetic distance of three
germplasms of Polygonatum

T DH JY CcG
DH ek 0.9439 0.944 5
JY 0.057 7 bl 0.9133
CG 0.057 1 0.090 7 ok ok

X LR LT O TRARARBAE, W f LR R TT 9 B

Above the diagonal is genetic similarity, below the diagonal is genetic distance

3.5 BEESUWRRSH
T Nei F6EO SR 3 AN Hy Gy Al Nin
AT T R EIR, BRI Z R (total genetic
diversity, H) 4 0.2104, FEHNIER 73025 (gene
diversity within population, Hs) 4 0.1740; Gy "] T
SR ] (138 AL LR, HAE Go>0.25 B, ¥
) SRR U 07 G 9 0.173 3 (G<<0.25);
N A2 17 B TR AR 8] 56 [R A8 S0 7K T 1 L B A, T Ak i)
N ft5 2.3860 (4>Np>1), FIAEERGETIE T 8
PRI 5 R I BER Z (R L o0k s RILERS & 3
AP AAFTE — AR B R 2e i, Hagt 22 7%
/No AMOVA ZERFERT (£ 6), 3 ANFIFIKEAL 4>
WRRFEA T, 84%35itE 22 ok F THEIR N, 16%38i 1%
7R B T HEAN
3.6 BEELEHST

T N EREE 3 ME R SRS, %
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=6 NFHEN (AMOVA)
Table 6 Molecular analysis of variance (AMOVA)

ZRKIR df SS MS Est Var ZEA 5 % P{H
PR [a] 2 148.797 74.398 5.058 16 <0.001
FHEEN 31 853.762 27.541 27.541 84
PR 33 1.002.559 32.598 100
Evanno S5 J7¥2: 2 AK {28 A6 H 30 B I (1) U6 A A 140
K EAENBARBRE 7515, X 34 A BORE P kAT 1207
HBERIS (B S0 3 FURAERSRE T 0206 e
IF, WA Z R I 25 58 A LR —, 5 IA “ 60
Tz e MO8 RRIEE R0, K K WE N 2~6, 40
L1 K 5 AK (X RE, M K=3 K, AK thIUEK " T~
VA, [RIEHFRSE e BN 34 A sk ppma kil 2 3 4 5 6
S 3ANERE (1 6). B 1 5 5 (T 3R «
JRAN 1 3 22 A6 B RS T 5T, 3R YA KO T El5 K{Ehs&E

B AuERE . BRI E k2 8E 20

FHAL F 5

35 7142 2112 10 9 16 4 17 8 20 6 18 13 1115 23 24 19 22 30 25 28 27 31 29 26 32 34 33 1

Fig.5 K value curve

B 5

6 34 EBBMRIEEENE (K=3)

Fig. 6 Genetic structures of 34 germplasm resources of Polygonatum (K = 3)

B RGN 6 I KAEEORE R LA K 9 1 24k
TOREFPTE, SR A R AR T SR L KO
., RS, KPERENX ., HHFTE,
PURHAKH L. BER 3 B8 11 2 ERERR,
LR YFA M T By AR . WIPH R
Bl ERHPLE . R EBREREMR 4R
TSR RIRI AR, 105 SR IE A AR
PR
4 Vg

BT R EE T ERE BNz, A
I H A F R BRI, &R B e 4
PRI P R, DR 5 N5 356 8 W R s A%
ZAEVERE L, TREOLM T SR, EE R,
T 3E— 235 ok D o Y A TR PR VR A RAZ . DGR Bk
JEFP R SR 38 A 2R . 1Ak 2 REPEREIS IR R —
ANYIRR PR RYR AN AL S, kA b B R A AN AL
BB, &A1 2R 1) B 20 B 43 20,

ST ARC R IR T 3RAE . S FIVEAL A A
APy Fh a8 AL 2 FEVE A 2 T R, i J AN SE A
M, gREN TIEESE 2 W AR, JEekEs
SCoT. ISSR. RAPD. SSR 7> FHric i 70 #k% @ Fh
i R A T (A B 22230,

SCoT Fric Ak — g B 1) H 13 B 4 T br
I, X RNAR RESRE G, AR A ROk
SCoT 73 Fhric i AR T B0 & Fh i B2 4% %
FEPERETE, —AMRE AT EE) SCoT-PCR JR MR RS2
HOF A 58 . IEARA A BT i Al s 7 4
RARNAFFE R AHLEAE RN, B R &%
HE— R F o B AR B 2 T R4 . AR 5T
I EAZ BT SR E R E BORS B SCoT ik &, I
BT R MNARRTE T 15 %22 EERG 15
Vi e A SRR 3 AT 34 4 Bl BRI T
SCoT 43#r, SiRKIWIFE I ZICEME . B
Ko AT A 3 PR (A7 5 = s AL 2 R,
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HULZ R B 2R BT, — ki)
Fhisi AL Z PEMEERE T, FOW PR RIE N ek,
W R 8 A 22 A SR P S Pl AN B XU g 58
AR A LA AP . A, WAL Sl
B DR T RO TR BRI R S AR 2 R
Tk, FER NN ERZ 8P,

AHFFEH PPB A DA— i F2 BE ) S B H B RS 8
P HIEE ZAEVERRRE, 7EWT SO E 2 AR VERE
FE b ggma 5K o T R A R, 1 B R4
R, Haa— MRS, (He kS 74 ISSR 1)
ERAPERERTS, HEERE 2806 H 5 R HE T
A3, KN H R 1A S5 R 4 RS SR A 1)
AL Z R R WTAT Y, (R S5 07 ik DA A 2 Ay B
BB 2R — N EES . AR HEEE 3
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