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Analysis of Leaf Phenotypic Trait Diversity
Among 10 Populations of Acanthopanax senticosus

REN Lingyun, WANG Xinying, XU Yuan, GUO Yifan, LI Jun, WANG Anqi, LI Qing, WANG Hongzheng"
(College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University, Harbin 150040 , China)

Abstract: Acanthopanax senticosus is a valuable medicinal and edible plant, with significant potential for leaf utiliza-
tion. To comprehensively investigate the phenotypic diversity of A. senticosus in Heilongjiang Province, 281 natural indi-
viduals from the 10 provenances were transplanted into a common nursery garden under uniform cultivation. Two relative
phenotypic traits and nine phenotypic traits were measured and calculated, followed by variation, variance, correlation,
and cluster analyses. Key findings include: (1) Significant differences (P<0.01) were observed in 11 leaf phenotypic
traits both among and within populations, with inter-population variation exceeding intra-population variation. Traits
such as petiole hair density (PH) , prickles on petiole (PP) , prickle on petiole length (PPL) , leaf vein hair density
(LVH), prickle vein density (PV), and prickle on leaf vein length (PVL) exhibited extremely high coefficients of varia-
tion (CV), indicating substantial variability. (2) The average diversity index of A. senticosus reached 1. 615, with four
phenotypic traits exceeding 1. 9. Eight traits showed repeatability above 0.7, reflecting rich leaf phenotypic diversity
and relatively stable genetic inheritance of A. senticosus. (3) Leaf phenotypic traits were strongly correlated, among
which the prickle-related characteristics of petioles and veins were interrelated and vary together. Leaf phenotypic traits

also correlated with geographic and climatic factors, with longitude identified as the primary environmental driver. (4)
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Cluster analysis classified the 10 provenances into three distinct groups with varying proportions, highlighting population-

specific divergence. This study establishes a foundation for elucidating the genetic mechanisms of leaf traits, informs

conservation strategies, germplasm collection, and breeding programs for A. senticosus, and provides a theoretical frame-

work for developing reliable phenotypic identification methods.

Keywords: Acanthopanax senticosus; population; genetic variation; phenotypic diversity; cluster analysis; correlation

analysis
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Tab. 1 Material information in the experiment
FRY KR FEYSIE FRHEE .
= . .
FE H R sE/C) &R/ (MAR)/mm (MAT)/C (MAH) /% B
Longitude Latitude (ELE)/m
No. Code Provenance Mean annual Mean annual Mean annual .
(E) (N) . 1 Elevation
rainfall temperature humidity
1 HL X%@FE%MFH 133.01 45.81 585.72 3.79 70.08 92
Hulin, Jixi city
A FHI TG AT I M E
2 HA Hailin Town, Hailin, Mudanjiang City 129.30 4461 531.36 4.25 65.83 312
8 S Ry 127.95 4524 656.40 3.42 71.83 187
WG LTI AR X
4 SY Lingdong District, Shuangyashan City 13120 46.56 55150 446 62.25 376
AL FHL T Y8 AT SR
5 CH ol e, [, Wi arafaray G 129.51 45.21 531.36 4.25 65.83 522
é:n‘» o
6 QA . ’?{tﬁﬂiﬁg . 127.51 46.65 560.00 3.78 72.33 207
Qing’an, Suihua City
RETRIFX
7 YC etz Bier, ek G 129.16 47.87 626.10 1.59 69.00 391
8 HG EL‘%MFE{FIJJIX . 129.92 47.76 651.50 3.79 61.58 423
Dongshan District, Hegang City
9 SU ﬁﬂﬂﬁi?\jﬁi . 130.62 44.09 510.00 5.78 62.17 505
Dongning, Mudanjiang City
10 HM FEUREE 130.90 49.82 626.10 1.59 69.00 21
Jiayin, Yichun City
X2 PANMREERFESD
Tab. 2 The code of phenotypic trait of Acanthopanax senticosus
Fs PEIR (B AL ) g Fs PRI (B4 ) g
No. Trait(Unit) Code No. Trait(Unit) Code
/N sk o 4
1 220 TA 9 &R LMF
Leaf tip angle Leaf margin factor
48 5z ° Je 4t T BR AN
9 k) SA 10 Dfﬁﬂ(?&%)@)ﬁ( |A/cm) LVH
Leaf serrated angle Leaf vein hairs
3 4244 (cm) S il T ik B2 3R 2 B (4~ /cm) B
Serrated length Prickle vein density
It (cm) IRz RIH< BE (em)
4 Leaf length LL 12 Prickle on leaf vein length PVL
38 (cm) AR 4% B2 B (4> /cm)
> Leaf width LW 13 Petiole hair PH
T EAEE TH 47 B2 3R 2 B (/)
6 Leaf index LI 14 Prickle on petiole PP
A (cm) A7 52 RI4< B (cm)
7 Leaf circumference Le 15 Prickle on petiole length PPL
nf 2
3 I E A (cm?) LA
Leaf area
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(@) LL., LW, TA, SL. SAJE/RE A
(a) Measurement schematic diagram of LL,
LW, TA, SL and SA

(b) PP, PPL. PH. PV, PVL. LVHIllE/R &R
(b) Measurement schematic diagram of PP, PPL, PH,
PV, PVL and LVH

B1 RAEMHIREERVETSE

Fig. 1 Leaf phenotypic traits research method of Acanthopanax senticosus
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PRI E R RRER K. WK ZFEMIEE(H) N
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Tab. 3 Variation of leaf phenotypic traits in Acanthopanax senticosus

ERF IR 5 R EU %

FEEHNERRE%

LERN Bl = nEZE e Coefici - o . SRR (H) EEH(R,)
Traits Mean + SD Range oeficient of van‘amon Coef_flc'lent of var.lamon Shannon-Wiener index Repeatability
among populations within populations
TA 47.908 +15.878 111.270 33.142 32.522 1.925 0.701
SA 75.082 + 15.219 89.294 20.270 16.813 2.040 0.911
SL 0.094 + 0.094 1.497 100.175 49.996 1.186 0.647
LI 1.990 + 0.210 1.275 10.555 10.017 2.073 0.692
LMF 0.576 + 0.150 0.606 26.095 15.551 1.779 0.968
PH 2.890 + 5.403 28214 186.960 190.415 1.337 0.808
PP 1.995 £ 3.199 19.584 160.371 158.406 1.516 0.742
PPL 0.063 + 0.070 0.298 111.300 113274 1.631 0.774
LVH 26.879 +25.770 95.379 95.874 105.202 1.945 0.937
PV 2.635 + 4.137 28.758 156.979 161.205 1.433 0.755
PVL 0.032 £ 0.102 1.637 323.379 170.661 0.896 0.286
ﬁfﬂ — — 111.373 93.097 1615 0.747

VE:SD AAREZE.
Note: SD stands for standard deviation.
TIESWMEERE FREE REAR—2, W3k4, TA,

SA.SL.LI.LMF.PH.PP.PPL.LVH.PV fJ IR 1% B &f
B8] 22 F IR 2 7.3 K (P<0.01) o SA\LMF.PH.LVH
MR TE RN AR IR B T 3 7K S (P<0. 01) , TA
PPL. PV H AR SR BN AE J A BN .35 K F (P<
0.05) o IX U5t HH 2 2RI PR A SR B (R RO J B P )3t
B RRNER. BRI MR S3.571%~
91.026% , F-¥I°K 74. 985%, it LA, il 1 Al H- 2 AU 7E f
B ERE NS 22 5 R R R BB L R T 5
BN RE R b, REIA J 08 ZHORIF R B

2.2 FAMMHEREERERESHFEEIES
1= EFERIE X

11 SR AL MR 2 ] B9 AH S 1 i i 17 B2 7Rk 248
KRR, WK 3(a) Fiw (7RI, L1 5 SL.
LMF . LVH Z [AJf#{E M 5. 3 5 AH 55 (P<0. 01) , B HATE
HFEHEEGERR , H S 2R  H B AR K ELIH- ik
HEM /D SA 5 LVH 2% 53 i AHR (P<0.01) ; PH
5 LMF . SL [A] 2 HLE 3 A IC (P<0. 05) , BT Fr bk
EFETE , AR B2 N, R 0B 25 BN
GG PHLPV \PVL 4 It & 7] 52 BAR (2 5 AH ok



$Fo6H ERE=F RAMIONTFEHMNFREERSEESH 1223

B2 1040#iERANEHNOHRBEERAE

Fig. 2 Leaf phenotypic traits of 10 provenances of Acanthopanax senticosus populations
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Tab. 4 Analysis of variance of leaf phenotypic traits in Acanthopanax senticosus

ek Varianjjeic?m%onent ﬁfﬁi?;lfiiii‘gﬁ /% F
fraits BE#E B LR S EHE B
Among populations Within population Random errors Among populations  Within population
TA 783.347 420.862 234.401 65.051 3.342* 1.852*
SA 1956.717 502.514 174.127 79.566 11.237** 3.112**
SL 0.024 0.011 0.008 68.571 2.833** 1.288
LI 0.134 0.034 0.041 79.762 3.246** 0.819
LMF 0.355 0.035 0.012 91.026 30.851** 3.301**
PH 133.760 61.779 25.706 68.406 5.204** 2.540**
PP 36.257 6.648 9.365 84.505 3.871** 0.702
PPL 0.020 0.008 0.004 71.429 4.420** 1.828*
LVH 7 145.925 954.588 448.029 88.216 15.950** 2.228**
PV 63.548 21.485 15.563 74.733 4.083** 1.401*
PVL 0.015 0.013 0.010 53.571 1.401 1.249
ﬁﬁn — — — 74.985 — —

TV ARBAOURE *Z2 R BE R RIKT P<0. 05; +Z 57 BE MG TIKT P<0. 01,
Note: V, stands for differentiation coefficient of phenotypic traits; * indicates significant difference level P<0.05; ** indicates significant differ-
ence level P<0. 01.
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0.61~0. 9, 2IREE EAERM:(P<0. 01) , WX 4 1
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FE B BT TALIAN, Hofth 10 MR FIE B 2 (A )75
FEMIEHE , Hor SA (SL.LMF . PH.PPL.PV .PVL# 5%

FE 2L B AR e (P<0. 01) . fEZREE b, ShRE 5
Tk FaAR T3 TEAH G, 5HBR B % 2R T3 i
F(P<0.01), EFEKESSALVH 23k 7 2 740
X%, 5 LMF 253 EAE R (P<0.01) , 5 LILPV Z ]
FAERE EAHR, SRS TALMF.PV.PVLZ
(BT 7E 2.3 UM%, 5 SA\LVH Z [RI7E7EW% B3 IE 4
F(P<0.01), FFHEE S SLLLVH F/E EAHR
5SA LI ZRIFESAERME. itk L, SA 5iFkE
W23 TEAH SR (P<0. 01) ; 5 LMF 2 4% 5 3% fi A 5% (P<
0.01); 5 PH 2 & & IEF > (P<0. 05) , B R 5 i1k
B, e oK SR B HG % (HI
PN

TA TA *k Hok

SA SA |** *% **.**
SL N skeook

LI sksk BT LI £ %
LME *x LMF |%% o ’**
PH %k % PH %% *
PP PP | *

PPL * PPL %
LVH| %% %% LVH | % ok Bk e %

PV * **. PV |%* % %

TA SA SL LI LMF PH PP PPLLVH PV PVL E N MARMATMAH ELE

(a) MH-RBYAIHDCHE R AL
(a) Correlation coefficient between
leaf phenotyopic

(b) TR b A R T IR AT DG TR R
(b) Correlation coefficient between leaf phenotyopic
traits and geotraphical meteorological factors

-1.0 -0.8 -0.6 -0.4 -0.2

0.2 0.4 0.6 0.8 1.0

5 BEMEREIKTF P.05; #ZREEEREACE P<0. 01,
* indicates significant difference level P<0. 05; ** indicates significant difference level P<0. 01.
3 RAMHRFREMEROEXES T

Fig. 3 Correlation analysis of leaf phenotypic traits in Acanthopanax senticosus
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Tab. 5 Principal component analysis of leaf phenotype traits in Acanthopanax senticosus

TR HATE

Ptk Principal component loading
Trait \

i EH5 EH52 EH53 TR 4 RS

PC1 PC2 PC3 PC4 PC5

TA -0.068 -0.400 0.394 -0.156 0.206
SA -0.041 0.222 0.555 0.603 0.153
SL 0.022 -0.153 -0.282 0.520 -0.645
LI 0.026 0.510 -0.035 -0.473 -0.349
LMF 0.160 -0.486 0.268 -0.301 -0.182
PH -0.174 0.483 0.137 -0.027 0.180
PP 0.504 0.094 -0.142 -0.011 0.226
PPL 0.516 0.057 -0.038 0.078 0.108
LVH -0.193 -0.148 -0.569 0.115 0.496
PV 0.494 0.052 0.105 0.085 -0.045
PVL 0.366 0.008 -0.092 0.012 0.142
=
%{Eﬁ 2.53 1.43 1.20 1.05 1.00
Eigenvalue
==
mﬁkﬂ_/é 23.00 13.03 10.90 9.52 9.08
Proportion

4 /0
i%l‘l‘mﬁkli/é 23.00 36.03 46.93 56.45 65.53
Cumulative

4 #6 FAMFRBEHREMRERPO
°§§§}1, 1 Tab. 6 Cluster centers of phenotypic traits in different
égrﬁﬁi 2 N populations of Acanthopanax senticosus
2o HKHE3 e ; N 3 J.; °
9

o Group 3 @ 9 3;{; % ° o3 . . PEBR ES=) ES%)
[y % @@ '5\2 o’JJ:; %0 Trait Group 2 Group 3
o n

<o Yoy Vo . o

@ 303 950" o SA 82.314 68.991
o ° °a 2

o) v 2 e °

¥ eoe ° g o e LI 2137

? ]
-2F ®
° ° PP 1247
o
IR 0 > FRIEPLER SRR . fEZRHE 3, HASZ.HG . HM fif 51
PC1 (3749%) A F skt
B4 FREHEMHRBEMRREER

Fig. 4 Cluster results of leaf phenotype traits in
different populations
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TR F N E R S AR 2 K DL R Hep 7ESY
o LA 75. 00% , X i BE , £ SY Hr, R HRIMER A

3 iTie

X R A 10 DRI ANFF I AT 11 IR A1
TRAGHFE T AN, R FLINAS [ JE R ] B Jag B A I 3R 2
PR R E B AT R (R3IMRL)  BHAER
FERE N, Er PH.PP.PPL.LVH.PV.PVL 4% &
B2 AFETCIIR IR BT | DR A I B R FE
K AR S A Bz e EL At PR [ A A I B A A
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Tab. 7 Composition of distinct populations in three clusters

s i KEELHE/% KEE2HEL/% KEE3HEL/%
No. Code Composition of Group 1 Composition of Group 2 Composition of Group 3
1 HL 15.38 38.46 46.15

2 HA 4.35 43.48 52.17

3 Sz 28.57 21.43 50.00

4 SY 0 75.00 25.00

5 CH 4.00 64.00 32.00

6 QA 3.70 51.85 44.44

7 Y@ 8.33 50.00 41.67

8 HG 0 50.00 50.00

9 SU 29.17 37.50 BEBE

10 HM 23.68 23.68 52.63

AR AY AT MR BB A X R 8 HLIB R 2 MK
PR

TRFTI Fr & MR B AR SR A AT T I 7EAs
AP o (3 7 g 0, i 1 3 () AT, S A o
FERU R, I SRR TR kL D I il
FEFE , R RS BRI 2R
G TH M iz o e/ g PH-A oz o 25 P T R T
FEE TPk B2 01825 P85 TH- i B2 I B 3K 4 A FRELARFAE % 1L
Z[RITFEAR E 3 TEAH I (P<0. 01) , A IX LE 4R >
(IS tEAR B, B SR 5,

[ BN R R B R AR I PR 22 A 0 8t s it
MRS A A I R S AR B A RN
H- Fr 2 30 1 B 1 A6 & R R K 43 A1 A s R 12,
B R R R AN A BE R 8 B, AN RIS 1 A
V& ) o Z ARG SE IR, T A0 TR 2202k 1Y 5 i
FR /DU R [E BORE ) , X B DR R AT R
B AR AR =AM R AR E RN
FL xR RAMIR BT IR B, SN R N &
SRR ; T S AR SR K AR 75 R A R LA
ZREED, HE3(0b)ATA, H AR R S
ZENTHAEERBEYIRCR BT TALLYM, HAth o4
PEIRFNZ B & MBI EE B MO . AR FE/K R 5 SL.
LVH S8 532 Ao (P<0. 01) | 1 B8 IR 7R R
A, M-S s B R RE g ) T+ R i b = A —
RERITIERS -9 8 AT DU DK Sy i R A2, £
SEENE B 5 SLULVH 7#/E IEAE M, 5 SA (LLZ [AIfF
TEAECHE , Eor SLAT LVH BB 5 45 SE B B K & AR

R, B B T A AR B — 5 T 21
i, HE IO 55 Y P Ji R P i S o ot S AT P S
i [ERE KBTS EY . SA B 5K I = B2 Y
5%, [AIE LMF 0 90 H 5 i 4 ) S 35 AH S

PR RO B R Y RS PR S A R R4
SREE) ARREE R Kk B 10 Rt b At o e
PR B R E F R 2 PR R R 5 LA
[, LI R AL IR Y R0 th B8 ff T 52 8 % R 1 R %
BT, AR SRS R BORE D M SAr
H-ZR AL R 5 Rt PR B8 D] 1 (AU AR S U A DS
TERE S (B 4F0F7) , AR E 25 f i
K A Bz & i Fe B R B AR SY .CHL QA YC. HG
FARGRARIF IR SR H & A ER/N, HE
B A, Rz 2% B AR B R BETE HA (SZ HG (HM 1 55
P s i -2 92 f R FE ORI AE BRI, TV B
2 S S R BE 10N R B E RS mE D,
H-RAIHR R H— & (R BRI, H A 2
HAERIE IR R A s, AN [ e B 0 1 R A PR 18t
&Y gUR A=A A, i 75 0 AP B 3R0A 2 A
MW=,

4 #ig

R FEAEAS [F] AR A0 B BL Ay b, ER 758 A0
H-Fr IR E AR 522 5 RARFIFLINAT 11 DI
FEVIRAE RAR SR, T HE BRI R = =K
TEBNER, LHEPH.PP.PPL.LVH.PV.PVLiX 6
DERIMEIR . HIF SRR Z M+ HEER N
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