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Genetic diversity analysis of Polygonatum genus based on morphological and
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Abstract: Objective To evaluate the genetic diversity and phylogenetic relationships of germplasm in the genus Polygonatum from
different regions, providing theoretical and technical basis for subsequent research on Polygonatum breeding and germplasm resources.
Methods A total of 23 Polygonatum germplasm resources from eight provinces were collected. Genetic diversity and cluster analysis
were conducted on 23 Polygonatum germplasm using morphological traits, CDDP, SRAP, and SCoT molecular markers. Results A
differential analysis was conducted on the morphological traits of collected Polygonatum germplasm materials, and it was found that the
eight morphological traits had a significant degree of variation, with coefficients of variation ranging from 24.10% to 76.46%, all exceeding
10%. Morphological data clustering showed that 23 germplasm of Polygonatum genus are divided into two major groups: rotifer and
alternate leaf systems based on their leaf positions. Using the optimized CDDP, SRAP, and SCoT molecular marker PCR reaction programs
through orthogonal experiments, genetic diversity and cluster analysis were conducted on the genus Polygonatum. It was found that the
clustering results of CDDP markers were more in line with the actual geographical distribution situation; SRAP can better distinguish
primitive plants; SCoT showed a certain degree of consistency with geographical distribution; And CDDP + SRAP + SCoT not only can
distinguish different primitive plants well, but also exhibit certain geographical distribution patterns. Conclusion Evaluating the genetic
diversity and genetic relationships of Polygonatum germplasm from different regions using morphological and molecular markers can
provide theoretical and technical basis for subsequent Polygonatum breeding and germplasm resource research.
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MR (R EZGH) 2020 SFRRICE, 2 TR N
HARHEYIE SRS Polygonatum kingianum Coll. et
Hemsl. . ¥ K P sibiricum Red. 5L %2 f£ B K P
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PERECK AR e, BRI iE T, Pkl s bt
B, AR HAR S 8] AT A BRI+ T
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(R R TEASRHIE 22 NN MRS DR 3R A 1T
AR, 2R . YTV Z R N LR S AMEER
BEE AR, HEETRAVRIRI A, RSS2
A LIS UE B T R R — P I T

fR5F DNA #7248 (conserved DNA-derived
polymorphism, CDDP) A& Collard I Mackill FF
R — PR A A 2k R A )y e 2 R PR PR 57 7 1
JERLR I THRCEARB, CDDP 7 FAmicFi AR T
DIReE R N OR~Y X B v-45 & DR dE R ORsT X ) 51 40
XGPS RG240, TSI G
PCR #48, [’y DNA {57 FHIEARYIFh 2 8 HAT
LIRSS, Rk, 6T A X s AR 2
W, FEANRIYA IS YRS, RIS R —E By
ST, CDDP 43 FFrid DAfEF 2 Y18 8] 7M.
R, dns #PE g ZRILEIFIE SR SR RE L 2T
PERIEFFE B, HET CDDP FRicHEA MA N FH 255
FhJE M .

FHRIFHNY 2 &M (sequence-related amplified
polymorphism, SRAP) Aiciifiist—Xt 5| #)%) FF 1seht
HE (openreading frame, ORFs) HEATH 4, RPfIEM
1% (F-primer) F1% 7] 5[4 (R-primer) #£47 PCR 3§~
14, 7 DNA JFHIR 25N, 23R BA AR
i 2 EEVELE 5 TIN5 AL Rt i A A

& TR AL A e TR K,
BOS AT EM IR EIMER R, SRERK R
MABSUEITE L. HAT, SRAP fERRS BN 24
P i R R R R S A i i /b o 32 A5 ISR H
ISSR 1 SRAP 2 FhorFhricEAAR = X 1 3 AR,
It T BRI BIRSRE K R

HiriLaa % b0 1 2 &M (start codon targeted
polymorphism, SCoT) £ ARF|H DNA %1 ATG i#l
PEE UGN B AR SR EAT B S| et BRI,
HEMRAGEMELE, ot e, @A R,
AR RS PERIEB bR IR LA 04, SCoT i
P 3 5 Q1 R UGN N s e s N a7, N G - D
BRI L AN 2

RHF A FATEAPEIR. CDDP. SRAP 1 SCoT
s FAmERT R B R E 8 NME 23 R R A
R AE ZREVEREAT 04T, DB )8 AL 2 AP AN
Mo R Pl R R A B AR AR, DA SE 4 1 ORGP AN

TFR B -
1 MREEE
1.1 8

M 2020 4 7 HIFEG, @k siiRAE . RS
52 M O SR R R SR TSR, A
TR K 2] 448 B IEAT 25 58 N EEKG P. sibiricum
Red.. Z L K P cyrtonema Hua. VEH K P
i L - A &
zanlanscianense Pam.. E17T P. odoratum (Mill.) Druce.
/NEAT P humile Fisch. ex Maxim.. M 8E4E P
stenophyllum Maxim., SR 5 R T2 & e
BH X 223 b K 5 35 0 A DR [ o 3
WAERIR A E 8 NMAT 23 D BFE R R AL
A B RIE W 1.

1.2 FENUEF

HHTHAY PCR X (5 By RAIHREAFIRA
F]) 5 KA DYY-10C (b —AX2E) ) 5 B
G &R CERAEFAERARARD 5 Elix 4K

(£ HE millipore A7) 5 mEAHEOH GEE
Thermo Fisher A %)) .
1.3 EERFH

CTAB (L5 1704BA0006, bifgA: T4 T L
HRZAF); 2XPCR Master Mix (H7325050,
YEASEN /A 7] ); DL2000DNA Marker (YEASEN A
m); YR (IL5 20201228, YEASEN A @]);
IR EHE (LS A6304180, YEASEN A #]); &4 (4

kingianum Coll. et Hemsl. .
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Table 1 Tested materials in this study
95 KIS Wl % 5 KK Lk
1 IR R LR L AR 13 HRE AT INEAT
2 R4 H T PR 14 LA E WAL SRS
3 IR A SR T SN 15 LA E ZACHNG
4 Ep N R Rt ZAETH 16 LA E EZiA v
5 AT ZACTHG 17 LB T E ZACTHG
6 B AT ZACTHG 18 LA ZACTH
7 R A 2 B T Bl Ay 19 LA SRR tiBlavi
8 R4 2 B T LT 20 74 ERE 320 EZix v
9 ANTEEC Y RN LT 21 74 CERTTiTR=] EZiXvi
10 HRT AKX EZ(X v 22 74 €R7G NIl ZACTH
11 PR EARGINI] TN 23 ZAE T EZt v
12 HRERART PR Sk

MraiD. BREE (OHraD . FREE (OdraD. oK
LI CoyHirat) S350 B JE e A TalRA IR
AF; 5 EEE T AR A .
2 7k
2.1 EEFENEREMNE

2021 4 6 A¥I, 1 23 NERE RV NX A,
FAVPMOERAEK BRI KA BRI TI6HE
Frid, A X 2 Al 3 NEE, A ELR 10 #,
MR TE 25 RRAE U 5 350K FH 2 PR i R 0 &2 0792
2.2 DNA £E

REH BRI, TER A P B O oK
YRGB I W R AR G S B A

(CTAB) 51, TR fr rh 42 BUEE R 4H DNA.

NanoDrop-1000 A% Rl & Ak M A5EH. DNA [1))5
&, WWHRERE N S50mg/L, —20 ChEmis .
2.3 PCR i
2.3.1 CDDP-PCR ¥ #i itk z £l ki Ml
teifiE, A4 20 uLPCR B &) 4 2 X Taq Master
Mix (4B 10 pL, 50 ng/uL DNA #it% 1.5 uL,
10 pmol/uL 5% 1.0 uL, 7.5 pLddH,O. CDDP-PCR
A ME 60 s. B 60 s, T 120 s, S5 35 ME
WEMRE 60 Co
2.3.2 SRAP-PCR ¥ MR PifA R  Zit il
Wi, # 10 uL PCR IBEY)EH 2XTaq Master
Mix (&4l 5uL, 50 ng/uL DNA #4% 1.0 pL,
10 pmol/uL 1E 2 544 0.5 uL, 3 uL ddH>0 . SRAP-
PCR #3754 30 s» &PE 60 s. ZEfH 120 s, J5 35
MEAZHEIRE 55 C.

2.3.3 SCoT-PCR Jxifk % AN%A™ 10 puL PCR i
BV EAH 2X Taq Master Mix (F4ekl) 5.0 uL, 50
ng/uL DNA #4% 1 uL, 10 pmol/uL 1E5I#1% 0.5
uL, 3 puL ddH,O. SCoT-PCR ¥ #7254 60 s. ik
45s. JEMH120s, J5 35 MEREHEIRE 55 C.

2% IR B B e FEL KA 9 38 141 74 , Marker LA
DM 2000 1E XS 43T 2% . HiK 40 min 5,
P % R G WS A 45
2.4 HUERSH

LSRRG BIEZ Excel %35, FIH SPSS
AT Z b AT b, R
RITIER A B, A BE B T 7 RRRE 5

DNA 73 Fhric 45 FARHE fok B BRI 267
1 FoRf 2% 0 RonBf & SN a AR
R 1/0 0 3 AR, RO B EE 2 Excel
2003 HAE AR AR EHEFERE . FIA POPGENE 32
PETH5 2 AN 18 4% 2 FEPE S BOR VPl SRS T8 A T st
2 KENE . 18] GenAlEx V6 i HEAT T ABKR 44T

(principal co-ordinates analysis, PCoA), NTSYS-pc
2.10e FRAF AT EALARAUNE R E ST, L AR
1% (UPGMA ) H4 S BEORE J b o SRR PIR o A ]
Structure 2.3.4 XJ 5K J& BT 254633047 0 4, K KA
WEN 1~10, BT 10 IRFEFF, K& Burn-in B[]
N 10 000, FFiE4T 50 000 KHIEE, 7E Structure
Harvester W3k Fit 47115, MR4E M85 1) LoP
K E KA e et o AL K, MR ASE . H

SPSSAU ) Pearson AHIPER I TEA FhRidAIA
[F]] DNA 73 Fhric 2 [ A OGBS
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Table 2 Principal component analysis of 23 germplasm

resources of Polygonatum

TiH By 1 FRAY 2 5 3
I /em 0.890 -0.123 -0.295
%% fom 0.863 0.202 -0.438
IH- T #/om? 0.818 0.149 0.368
Pk #ilem 0.767 0.106 0.562
ZEHf/em -0.392 0.863 -0.036
ARl 0.418 0.732 —0.454
RZEHE Z/mm -0.596 0.695 0.131
ST EAA/Imm 0.370 0.482 0.437
FEAFE 3.613 2.084 1.146
TR Z /% 45.168 26.049 14.323
R TTHER % 45.168 71.218 85.541

1 ERSRIRHEE R 3.613, TTHERE A
45.168%, MoE. MR IMZEAMLETEHALEE
SRR, ARE AT EON R R Ul BH I SE R
K, A 1EHmRSR, AN E, HRZE
B AEE T B . 55 2 TR MR IEE N 2.084,
RN 26.049%, Pk i« HHFTH-$0h BB AR,
W5 e 2R A, BRI, RO
53 FR AL 1.146, TTEREN 14.323%, R
EHEBE. ST EAMZNEER AR, M.
N KO R, B A R, Fag
REJJ30E, MRZZEARL AN,

3.1.2 ETIEEMRMERS T T 23 (it
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FEONFAEMZE, B BN 16 10545 @ AR 2N
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Fig.1 Cluster diagram of phenotypic traits of 23

Polygonatum germplasm materials
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PR, Hed KAE 23 R e Bk

3.2 EFHFRICHIBREZHES

3.2.1 5T CDDP Btk 2 FEte i iR SHEAH
AR BN B AL BE S 5, fEEE A LR BN 0.39
i, 23 AT R A AT B2 ANEEE (K 2). A 2K
B, B S MR, MsBCONEE, Hecka L
IR P BEORE A SR B 2218075 BH 1 22 46 35k 5 oAt i
FHEE LI, TR — AR ENHA (DE#D, Hl-
3SRk HIL R R LIRS (1 SMED FILARH
R TORE (2 SR REE—&. -1 H b 3L
MR = o 2 B B . 228, ZHR R, %
B RV S e s L ) 2 AR TR SR AR AR —ile, H
16 ST 17 SRR S G R, BEMEUR
HAEA 0.649. IVIEHEI A FUE T 5 AA R 12 5
A3 MR R, T 13 58 T/NEATFURE,
e — NI 3, 2 511 S RFE B A R
REML K. BRIRHKRA ZHEMT 14 5
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Fig.2 Cluster diagram of 23 Polygonatum germplasm materials based on CDDP data
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SH2 SHEENETILARE, 14 5819 SRR
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Mr, BRI 2 (B FEE S R, il 2 B BE 25
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MFRA TG SR LW (1 4), 23 MRhEHRR: 7 A
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Fig.3 Genetic structure of populations of 23 Polygonatum germplasm materials
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Fig. 6 Genetic structure of populations of 23 Polygonatum germplasm materials
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Fig. 7 PCoA based on SRAP molecular marker
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Fig. 8 Cluster diagram of 23 Polygonatum germplasm materials based on SCoT data
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Fig. 9 Genetic structure of populations of 23 Polygonatum germplasm materials

SRR R E .

I SCoT-PCR 554} 23 iy sk @ FlUmi b AT
PCoA FABFRZMT (B 10D, 23 MRPEEARE 1 548
S0 24.73% (il 1-12.88%, %l 2-11.85%) #EKTA
[ () M B X I 0] REAE AR B st 2 . B4 ERIR
A J& ARG 1 12 SR 13 SRR s sn; £ L%

e12
¢*1
423 3
’20
022 416
0 +4
15 7
% ng L] 0 ¢
g o1l +21 %46 8
419 43
17
. *14 +5
15 ¢!
42
Coord. 1

Bl 10 ET SCoT ¥iExt 23 HIENEE PCoA E
Fig. 10 PCoA of 23 Polygonatum germplasm materials
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Fig. 11 Cluster diagram of 23 Polygonatum germplasm materials based on CDDP + SRAP + SCoT data
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Fig. 12 Genetic structure of populations of 23 Polygonatum germplasm base on CDDP + SRAP + SCoT
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Fig. 13 PCoA of 23 Polygonatum germplasm based on
CDDP + SRAP + SCoT molecular marker

L B0 AT AFARA ) R B S T, IX 5 R
T A% 25 R P 25 R S 0 HE () B IX 4 AN R B SR A )
1M H 23— e A B 4 e — 3
3.3 AREFRIZHIEEER
3.3.1 CDDP. SRAP #1 SCoT tric ItLE ot %t
23 {3 EkE )R AT CDDP. SRAP 1 SCoT HIARIC AL
RAT T (K 3), 11 45 CDDP 5|#8 3Ly 1 H
244 ok, AN 240 %, PR SIMY
i 22,18 2k %k, ZAMEELER (PPB) 99.36%. 1E
10 2 SRAP tric 5| &, Sy 3G H 151 465
i, 2R 150 %, PRSI ey IE H 151
%3 23 EREME CDDP. SRAP H SCoT FRIZHER
T
Table 3 Efficiency analysis of CDDP, SRAP, and SCoT

markers in 23 Polygonatum germplasm materials

i H CDDP SRAP SCoT
EIE7/E 11 10 10
AL 244 151 171
EZ NS 240 150 169
PRI R A 22.18 15.10 17.10
PPB/% 98.36 99.34 98.25
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%5, ZAMEEEN 99.34%., 10 4% SCoT 3|4
A G 171 255517, RN 169 5%, PR
SV 17.1 250, ZARMEILE 98.25%. X
23 BrEORE RS AN [F) 3T AR ic s e ARl R E AT
A (3% 4).CDDP HIEL AL REUEAE 0.269~0.649,

SRAP I fEA LR BUEAE 0.238~0.667, SCoT it
FEFAL R BUELE 0.308~0.719, CDDP+SRAP+SCoT
(R A R BUEAE 0.319~0.579. ] WX J LR 1
PR RERTI BRI ANK, {2 SCOT 43 FAx
TCREATIN B4 2 AL AL

x4 TRSFIRCH 23 HRBEMEUEEERKLK

Table 4 Comparison of genetic similarity coefficient of 23 Polygonatum germplasm materials with different

AL A 2

A FARE T i T JE— 2 5 R A%
CDDP 0.269~0.649 0.452 0.066 14.60
SRAP 0.238~0.667 0.432 0.074 17.13
SCoT 0.308~0.719 0.453 0.060 13.25
CDDP+SRAP+SCoT 0.319~0.579 0.449 0.044 9.80

AN 3 hric 77 SO0 SRS IR AR 8 AL 2 R S
PrEsREIR (5), SRAP B A4 Thric 7 20k
FIREEAEER (N BUERGS, 155 1.9934; CDDP
Iy FRRICATI R AN (N Bk, k%
1.697 7; Nei’s B& 2 FEEFEEL (H) HKHI/& CDDP
A THRIC, A 0.3942; Shann {5 BI85 (D K2
CDDP 43 FHric 73, N 0.575 6. AFESFARid T
TSI 21 B4R, J8 b o 188 4% 2 e HE4% 9 CDDP>

x5 HREEES FIRICHSHMELER
Table S Comparison of molecular marker diversity among

23 Polygonatum germplasm materials

SFhRid Na Ne H |

CDDP+SRAP+SCoT>SCoT>SRAP.

332 JEEFEARICH S AL AT A
T B 7 A 1)1 J7 B X o B A 43 1 gt
FEBE BB A 5C R B0 Pearson ARL36: (145 5 L&
6. WK TE CDDP 7 FArid 5 SRAP. SCoT.

CDDP-+SRAP+SCoT Z [AIMJAFAEM R ZE A, (H
HEE¥2ZMERZEMEX, X5 FRRRLER—
3, B CDDP FZE W3 /A %2 R, 1Lk R
WL A2 5% . SRAP 43 FHrid5 CDDP. SCoT.
CDDP+SRAP~+SCoT LA LA 22 (B N 2
1IEAHE, i8] SRAP RER ML &% 2R, X5 Bk
FHEEH 2. 1M SCoT 5 CDDP. SRAP. CDDP+
SRAP+SCoT A EEIEMK, SHSEMFIER

CDDP 1.9836 1.697 7 0.3942 0.5756
SRAP 19934 15437 03296 05019  &AHRME, YLH] SCoT Rt —EREE ML 257 5
SCoT 1.9825 1.6315 0.3665 0.543 4 BIE% 7 CDDP 4 Fhric, HAthr-FAric #7E— €
CDDP+SRAP+SCoT  1.9876 1.6478 0.3730 0.5512 B ERMTIESYER,
R6 EEZFMHTIrcHXRY
Table 6 Correlation coefficient of molecular markers and morphological markers
2 R AL
ik —~
CDDP SRAP SCoT CDD+SRAP+SCoT A%
CDDP 1.000
SRAP 0.875™ 1.000
SCoT 0.922™ 0.836™ 1.000
CDDP+SRAP+SCoT 0.962™ 0.940™ 0.940™ 1.000
pl = 0.356 0.605™ 0.431* 0.443" 1.000

TRIANE 0.05 KT AHSRME R "RIRTE 0.01 KT ARSI B2

*indicates significant correlation at 0.05; *“indicates significant correlation at 0.01.
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JRAERDIR A3 An L BAE X, AT DB A Ja A o ) eV A
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EZJE VM TR . BA% Z A A A 2y
TAnic il B B M A AU ER AL IR AR IR B A B e
=9

HBAR AR FATELEA R

SE

[1]
[2]

(3]

(4]

[5]

(6]

(7]

(8]

[°]

[10]

[11]

[12]

[13]

rREZGAL [S]. —#&6. 2020: 23.

Wang J J, Yang Y P, Sun H, et al. The biogeographic south-
north divide of Polygonatum (asparagaceae tribe
polygonateae) within eastern Asia and its recent dispersals
in the Northern Hemisphere [J]. PLoS One, 2016, 11(11):
e0166134.

FERA. RIA Z LR R AL 2 FEIE Ko A AE SR T
FC [D]. FEii: LRI, 2020.

Xia M Q, Liu Y, Liu J J, et al. Out of the Himalaya-
Hengduan Mountains: Phylogenomics, biogeography and
diversification of Polygonatum Mill. (Asparagaceae) in the
Northern Hemisphere [J]. Mol Phylogenet Evol, 2022,
169: 107431.

Collard B C Y, MacKill D J. Conserved DNA-derived
polymorphism (CDDP): A simple and novel method for
generating DNA markers in plants [J]. Plant Mol Biol
Report, 2009, 27(4): 558-562.

WRE, mTJE. DNA 7> TARic o RwT L 5 S (7],
Y E R, 2019, 17(6): 1970-1977.

Haffar S, Baraket G, Usai G, et al. Conserved DNA-
derived polymorphism as a useful molecular marker to
explore genetic diversity and relationships of wild and
cultivated Tunisian figs (Ficus carica L.) [J]. Trees, 2022,
36(2): 723-735.

BV, Bk, AR, & T RARIH CDDP #3
LA FHE I B8 A% Z VR A 0], PR AEACHRL
HRF AR BAREIERR, 2024, 52(5): 110-123.
W, SRR, WSS, % AR TRALS CDDP 4r Ths
K LR AE AL DRI SRR T [0, 0 THEDE
1, 2023, 11: 1-25.

Liu HY, Zang F Q, Wu Q C, ef al. Genetic diversity and
population structure of the endangered plant Salix
taishanensis based on CDDP markers [J]. Glob Ecol
Conserv, 2020, 24: e01242.

JAR e, Bigig, fd, 55 T CDDP brid EEE
T oT BRI 4E 0E St Z AR 0 (0], B, 2019,
50(20): 5033-5039.

Li G, Quiros C F

polymorphism (SRAP), a new marker system based on a

Sequence-related amplified
simple PCR reaction: Its application to mapping and gene
tagging in Brassica [J]. Theor Appl Genet, 2001, 103(2):
455-461.

F, REN, FIEW, 55 ST ISSR Al SRAP #7id
FHE 7R 5 8 A% 2 FEPERIE T [J]. "PEEZY, 2019, 50(2):
510-516.



¢ $ % 2024128 £55% F24 8] Chinese Traditional and Herbal Drugs 2024 December Vol. 55 No. 24

* 8563 »

[14]

[15]

[16]

[17]

Collard B C Y, MacKill D J. Start Codon targeted (SCoT)
polymorphism: A simple, novel DNA marker technique for
generating gene-targeted markers in plants [J]. Plant Mol
Biol Report, 2009, 27(1): 86-93.

Doyle J. Isolation of Plant DNA from fresh tissue [J].
Focus, 1990, 12(1): 56.

Niharika S, Nath R S, Nacy A A, ef al. Characterization of
soybean genotypes based on morphological and molecular
markers [J]. Electronic J Plant Breeding, 2022, 13(1): 182-
192.

Thakur N, Prakash J, Thakur K, et al. Genetic diversity and

structure of maize accessions of north western Himalayas

[18]

[19]

[20]

based on morphological and molecular markers [J]. Proc
Natl Acad Sci Ind Sect B Biol Sci, 2017, 87(4): 1385-1398.
Ahmad A A, Attya A M, Harb A H, et al. Genetic variation
of barley genotypes using morphological, yield
components and molecular markers [J]. J Glob Agric Ecol,
2021, 34: 29-39.

ol g, skpE, dkid, 2. 235 £ Bl R B PR st
eZREME AT (0], VEIRAR AR, 2023, 39(3): 636-
644.

Lk, FEEWE, L. SR ICEREY 1R
BT FERE R [J]. IR R, 2022, 50(8): 55-
62.

[t 2 9]



