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Evaluation of characteristics of Paeonia lactiflora of different ages based on fingerprint,
principal component analysis and orthogonal partial least squares-discriminant
analysis
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Abstract: Objective To establish fingerprint profiles of Paeonia lactiflora in different growth ages and measure six differential marker
compounds content and 15 agronomic traits. To screen the key chemical components and main agronomic characteristics of P, lactiflora related
to the growth ages in order to understand the growth and development law of P, lactiflora in different growth ages. Methods For five groups
of P, lactiflora (10 plants per group), HPLC fingerprint profiles were created for 50 plants of different growth durations. The content of six

differential marker compounds (gallic acid, oxypaeoniflorin, albiflorin, paeoniflorin, pentagalloylglucose and benzoylpaeoniflorin) and 15
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agronomic traits (plant height, crown width, number of branches, number of leaves, leaf area, above ground fresh quality, number of flowers,
length of taproot, thickness of taproot, number of taproot, length of fibril, number of fibril, underground fresh quality, fresh quality of taproot,
fresh quality of fibril) were measured. Hierarchical cluster analysis (HCA), principal component analysis (PCA), orthogonal partial least
squares-discriminant analysis (OPLS-DA) and Spearman correlation analysis were used to identify key chemical components and major
agronomic traits associated with growth duration. Results Among the 50 P, lactiflora, 27 common peaks were identified. SO, S1, S2, S3
and S4 had 10, 10, 13, 16 and 19 characteristic peaks, respectively. PCA and OPLS-DA identified seven differential chemical markers, and
their variable importance in projection (VIP) values were peak 12 (paeoniflorin) > peak 10 (albiflorin) > peak 24 > peak 3 (gallic acid) >
peak 23 > peak 19 (pentagalloylglucose) > peak 22 (VIP > 1). The results of content determination showed that the content of paeoniflorin,
oxypaeoniflorin and pentagalloylglucose significantly increased with growth duration. Albiflorin decreased initially then increased,
benzoylpaeoniflorin increased slowly but not significantly and tended to be stable, and gallic acid increased significantly in the first year
then stabilized. The VIP value was paconiflorin > albiflorin (VIP > 1). The analysis of agronomic traits of P. lactiflora showed that PCA
and OPLS-DA selected three differential signature agronomic traits, and their VIP values were length of fibril > number of flowers >
thickness of taproot (VIP > 1). Conclusion With increased growth duration, P. lactiflora show more common peaks, increased similarity,
and increased stability and consistency of chemical composition. . In terms of agronomic traits, the volume of the above-ground part
increases, the roots of the underground part grow, branch and expand, and the total biomass accumulated rapidly. Paconiflorin can be used
as a key differential chemical marker to distinguish P, lactiflora in different growth durations, while length of fibril, number of flowers,
thickness of taproot are important agronomic markers to distinguish P. lactiflora in different growth durations.
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Table 1 Sample information of P. lactiflora in different growth ages of seed breeding
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Fig.1 HPLC of mixed reference substances (A), S4 (B), S3 (C), S2 (D), S1 (E), SO (F) and their reference fingerprints
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SRR Y=5.543 2 X—12.251 0.999 9 9.68~309.60
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252 REHEALE  REERAL “2.17 TR [F— 4k
VAR, F €2.27 TR B AR IES: | AR 6 £,
BB TER. ST, AJANBRE . AT4E.
TR B T 260 B RN R PR R AT 24 H I I AR Y RSD
AN 0.83%. 0.95%-+ 0.74%. 1.11%. 0.65%F0
1.21%, RIAZAXEHNG % FE R U .

253 FasEMEE RSB “2.17 TR [E ki
MV, $% €227 BUR R, T 0L 24 4.
8. 12, 24 h FEFEATI, 19 ETIR. AAATHAH .
AJEGNTRT . AT LI IR A BE AT K
AT THIAR RSD 43514 0.97%10.69%- 1.21%-
0.74%-+ 0.98%F1 0.72%, 25 FRK PR EWR 24 h
HEE

254 HEEMWRAK HEWER AL 6 4
% “2.17 WUR 7 iEH 4% 6 il s, % “2.27
TR G A ES: BB RE, 4RI B TR
BAATZH . AT NERT . ATHT . R PR
T W RH R HR AT 247 I 2 B 0 0 o 1.375
0.398. 32.764. 24.732. 3.766 A1 0.251 mg/g, RSD
SN 1.11%10.76%+ 0.92%- 1.02%- 0.87%- 0.69%,
K HEE MR

2,55 nkEEICERRLE  BOE AR DI R 2 1 R

BEAA (S2) fl#HE, KA 0.2g, MIAIRAXT
BB (BRETIR. SHATHE. ~JANBRE. A
254 TUBCE T IR RN 2K FE A 25 R
£ 43 5°h 20.48. 10.68+ 309.6+ 510.50- 68.36+ 20.02
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®3 MTFEBETREKFRTARIEE (x+5,n=10)

Table 3 Component content of P. lactiflora in different growing ages of seed breedin (x+s ,n=10)

AERAER B TRI(mg g ) A AT 25T /(g g ) AT A BRTT(mg g ) ATZTT/(mg g")  Toisctr T A AT (mg g 7) R AT 25/ (mg g7

S0 0.570+0.098a  0.148+0.327b 40.570+15.038 a
S1 1.175+0.220b  0.153+£0.250 b 36.009+13.650 a
S2 1.380+0.495b  0.397+0.245ab 32.947+13.478 a
S3 1.372+£0.217b  0.569+0.452a 33.263t12.151a
S4 1.124+0.162b  0.754+0.268 a 41.539+12.433a

17.588+10.651 b 3.8491+0.559 ab 0.189+0.088 a
16.675+8.252 b 2.7551+0.655 b 0.190+0.088 a
24.7651+12.693ab  3.847+0.916ab 0.24910.088 a
27.8651t13.269ab  4.408+1.104a 0.268+0.133 a
33.639+7.679a 4.800+£1.279a 0.315+0.138 a

FAT AR NS FRERR P<0.05.
Different lowercase letters in the same row indicate P < 0.05.
BEATZ4 . Bk b, FAATZE . AT, RS
T 4 B 2 B AR A PR S I S i
AT N B RIS T s, SRR BEAT 2 A8 T
w, BRI EIERRAC, HAT 24 P9 BE AR
BEATZH BN, G EERARE, RIA
ETRE; ReETREEESE 1 Eh &N, 2
JEANAEDE, WaTRE.
2.5.7 4> OPLS-DA MKt DK &ES
i F N\ SIMCA14.1 #3417 OPLS-DA, VIP>1.0
MZEREIH 2 A, 3RlN~25E (VIP {H 1.649
36). ATAANEETE (VIPH 1.57509),
2.6 AREKERITEDHRZHERVE S
2.6.1 REMIRME T 2022 5 H, AJLAEKE
AR, B AERER (0.5 4 184, 2
AL 3EARIFAE. 3 AR BENLESRE 10 B
R, XSRS wblE . R R AR
SRR FFEE. AR B, EARE
R RS, MR, R R, 2R
i T R AL 15 Fluk 2RI TR, FECEAME . 3
HHIH TR R R B 2 2N R A R 3 A Ok
BEEM ), K 3 A K STk ok ik

R . AR, SRR =Byt
TRAR B AT 25 R ER RIS

FEVY NI Gt P SR X, A28 4 F A
ES5HER, REM7TH, MrBehE, 91 10 A
Rl BLIS AR IR AR AT 2507 T IR, IR
WK EER, LK RS, ERRhEER
IR, HF 20 i A, BRI ARARIE iise B IR
ERBTES, PR =Mt oFER (S0). BiEAR
2L e e of L T L 0N 57 b LY
A, BERERZ R BT ZE K, TR
1 MERSER (SD. R E, BRARANS L
KR BB 6 ATA, ATZRIRZEA AR RENS Sk
FSRPRAERKAERR

REVPIRFHE LR 4, FEE KRG,
SHEATA R Z R BB S, BRI
KA RCREST. MR BRI S, H
H, EETE Ob EREERT R MR A R
TARGEPIR . AUREEPTED AL KRR Y B
FI, RN AT AR PR R . AEAT S
THAZFRIZE 1 EHBeh, mmmA, ERAM. JURK
WEEN: BRI 2 ER, AR PRI

El6 AREKFREENHERRERZEKFR

Fig. 6 Seed propagation plants of P. lactiflora with different growth ages and their rhizome growth rings
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R4 MTEETREKFRTABKIAKREMER (x+£5,n=10)

Table 4 Appearance and agronomic traits of P. lactiflora in different growth ages of seed breedi (x+s ,n=10)

REHAR S0 S1 S2 S3 S4
Frilem 15.40+2.27 a 17.70+2.21 ab 22.20+4.25 he 31.10+7.63¢ 52.90+6.38d
e IE/cm 9.20+0.94 a 12.00+2.77 a 19.90+4.24 b 30.60+5.30 ¢ 34.60+6.92 ¢
RAHL 1.00+0.00 a 1.10£0.32 a 1.50£0.97 ab 2.30+1.42ab 2.3240.95b
(4 1.00+0.00 a 1.404+0.52 a 3.40+1.43b 6.70+£3.06 b 12.60+3.98 ¢
- A /em? 12.80+2.40 a 27.70+11.7b 40.2018.68 bc 77.70+29.40 d 93.90447.01 cd
Hh b A 5T 5/ g 0.87+0.22a 1.90+0.88 b 527+191c 17.28+9.31d 43.14+1551e
FEIE3L 0.00£0.00 a 0.00£0.00a 0.00£0.00a 0.00+£0.00a 1.50+053b
FHRK/em 8.00+£1.00 a 9.90+2.39 ab 10.00+1.70 a 13.20+£2.29 b 18.60+3.77 ¢
F AR/ mm 5.384+0.96 a 8.98+2.11b 11.48+1.89 b 11.684+3.16 b 17.02+3.77¢
FHREL 1.0040.00 a 1.00£0.00 a 2.104+0.99 ab 45042.17 be 6.00+2.49 ¢
iR Kfem 3.10+0.97a 530£1.32b 14.10+3.44 ¢ 13.40+2.56 ¢ 14.60+3.12 ¢
AR 13.60+1.90 a 17.30+6.50 a 33.20+1241b 41.80+12.88b 52.40+17.49 b
R BT Ry 0.75+0.33 a 2.46+1.23b 7.98+3.02¢ 21.95+10.85d 50.46+26.35 d
EAREE R /g 0.60+0.24 a 2.32+1.17b 6.73+2.80¢c 18.424+8.47d 44.39+24.93d
JRREE I3 /g 0.02£0.01a 0.11£0.07 b 1.01+0.38 ¢ 2.620+1.79 cd 4.26+1.76d

FATAF/NG Z/RIR P<0.05.
Different lowercase letters in the same row indicate P < 0.05.
B, R R PRE IR, JRR S, 2 HCA) ¥ 50 #RATZ 15 DMREMRETE A

JE AR MR BOG KN L, & TH0E: 5 3 4,
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Fig. 7 HCA dendrogram of agronomic traits for P. lactiflora in different growth ages
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Fig. 8 PCA score plot of agronomic traits for P. lactiflora in different growth ages
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Fig. 9 OPLS-DA statistical analysis diagram of agronomic traits for P. lactiflora in different growth ages
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Fig. 10 Spearman correlation network diagram for P. lactiflora in different growth ages

SRR, Hod AT IR RS XA YT B B e i
PR XE ST 28 ARER . DR T &8, T
PR OIS B BT 08, (R EZGHL) 2020 4
FR I TE FIFE AR B A B RS AT 251 . AHE
FEEA AT Z R, W 6 Fl 32 222 Sepr o203k
TS EWE T AWTRI, BEEEKFE R
I, ARAPEAATZ . ATHE . RS TRV A
W R, XE5REEP KD FEER, HE
MR T 25 AH [R] s 1T AT 24 P T 1) A Bl A
EIRBNAFEZE R, A RRIN T FHEE T,
Bt P EREES, BTRE, mBEEHE
TR N R, SRR EPW TN T X
S ARG AR PR BT s L R P R R R R R
32 FAREKERILENHAREERER D
TEAR A KAE RS BAMAK /N RS R AR KA
B A K B BRI i FL A BB RS20) . M B
TEP A K BRI T I, A 24 5 2 B oy il 1)
FERE, ik, DERECE 2 B RIERT . 24K 5y
B8 FR e R IR B A KR, MK EL %
PRI, (RRMER, B nK s My
JE FR AR, FEFRAY 7R R ISR, AEA )
¥ o 2 R BC R By, DA 1 B
RN, RIS R —30, SLAEATATERT 2 4F
FEFTEIRELK, M RERARS, KN
N AR AR B AR A 5 36 2 5 3158 3 45,

PEURA BEIFAA T, RS I A BRI %
FUNFAD AR5 (07 S 7 i (R AR
KA SRR #RBLT B &3k, St =
R 8 FR I FE S A4 S A AT 2758 3 4R A
YrEL TRAE S, FEIRLS. B KRR
RN, SEAEATZ MY b A AR, M AR AR
ey AR R RS 2 R
FBAR  FAMH S NS EA B
2% 308

[1] Asphn, FEwE, PRgRn, 5. FEiAT 2 IR o
Mr5RREEW [J]. RRHET, 2023(11): 32-34.

[21 k¥, RS, BRE. A7 [0 2 THEZ B R, 2024,
22(6): 2094.

[8] #hme. ASIEIF=HAT 25 5% B 4 F AL 7L [D].
dbat: JbUPh AT S5, 2023,

[4] #ZF. NEARR &SRR W 5L (D). H7:
DY NIl K 2, 2023.

[5] RIFE. WHTEHZGH G AR SR NS [D].
B Wil B2 K%, 2015.

[6] RiEH). 2AAAMAFIRRERHFR D] &
B Z2BP R 2R, 2018.

[71 HiWEER. ZiHAJZ4REB S F T EHEA L [D]. M
2 U)K 2, 2019,

[8] FUfr, MR, 384k, & AT BRMEYF RIS BT A
R[] AR, 2020(21): 73-75.

[0] Z+HHAE, Ephae, RO, & AATEEITIEVIE T



FED 2025648 $56% BT Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No.7

» 2517 »

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

1. HFEAFZGRE, 1998, 23(4): 214-214.

Sweetman A C, Kettenring K M, Mock K E. The pattern
and structure of genetic diversity of Schoenoplectus
maritimus: Implications for wetland revegetation [J].
Aquat Bot, 2013, 104: 47-54.

Albert A, Brisson J, Belzile F, et al. Strategies for a
successful plant invasion: The reproduction of Phragmites
australis in north-eastern North America [J]. J Ecol, 2015,
103(6): 1529-1537.

LiuHY, Lin Z S, Qi X Z, et al. The relative importance of
sexual and asexual reproduction in the spread of Spartina
alterniflora using a spatially explicit individual-based
model [J]. Ecol Res, 2014, 29(5): 905-915.

W, WA, £tEln, %5 HPLC $R4UEE 4 &b it
B L RIS A AR AR R = B Ak 22 B 2 5 (D).
HEEZ4, 2021, 52(8): 2408-2413.

B, BB, &, & ARBEWITTENEA] 6 Bk
PR S 1 8 BT (7). AR R T, 2022,
40(9): 175-179.

F=TL DI E Revp o D S A T SR F (R =D N (HEE R 7
[D]. H&: H &K%, 2022.

TS, x4, ki, 5. AATREIRIT R T R
CEGAEMIIT R 7 A Meta 0 [J]. RIEFEEZ,
2024, 41(4): 458-466.

AEWN, JAREIE, k7, 5. 5T PIBK/AKT/mTOR i@
SR IRAT AT Sl T XA 2 14 45 473 JFF B R K B ) R4
YER KU [9]. AB5Tr BR 25K 27 44k, 2024, 47(3):
341-351.

Jiang H J, Li J, Wang L, et al. Total glucosides of pacony:
A review of its phytochemistry, role in autoimmune
diseases, and mechanisms of action [J]. J Ethnopharmacol,
2020, 258: 112913.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

FRHE, EHE, BT, & AAEMRGr . 23EE
H B iy A sz R R AT se ik e [J]. izl 2025,
56(5): 1817-1829.

AR, ARSI TG & R EARMERT 5T [D]. R
A REER R R, 2022,

6, B&dE, I & FETIRGUEIG J o 2 3 2
AR R EFREY) (Q-marker) TUAAT [J]. FEZ,
2020, 51(10): 2627-2633.

R, G5, L%, & AAEKERAOATEE
WA s 2B (1], LB, 2016, 37(15):
75-79.

HEH. ARAERERAATRE TR AT H SR
B0 WRAEAZZE, 2019, 12(7): 13-14.

EG. AjERIER TR S AR B H 4B )1
[D]. JLFA: VEBAZRER 2, 2005.

Dolezal J, Jandova V, Macek M, et al. Contrasting biomass
allocation responses across ontogeny and stress gradients
reveal plant adaptations to drought and cold [J]. Funct
Ecol, 2021, 35(1): 32-42.

Lundgren M R, Des Marais D L. Life history variation as
a model for understanding trade-offs in plant-environment
interactions [J]. Curr Biol, 2020, 30(4): R180-R189.
Shipley B, Meziane D. The balanced-growth hypothesis
and the allometry of leaf and root biomass allocation [J].
Funct Ecol, 2002, 16(3): 326-331.

Gonzéles W L, Suarez L H, Molina-Montenegro M A, et
al. Water availability limits tolerance of apical damage in
the Chilean tarweed Madia sativa [J]. Acta Oecol, 2008,
34(1): 104-110.

TR S, BT AR IR i 0 N R A BB
SN [D]. s8R e R (o R 2 e iU
i), 2019.

[FTiEsmit 2]



