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Leaf phenotypic diversity analysis of Quercus mongolica germplasm resources

Xu Nuo', Peng Rusheng?, Yin Jie?, Lei Minglei3 , Kang Shiting', Zhang Xiaolin'
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(1. Liaoning Key Laboratory of Forest Cultivation, Shenyang Agricultural University, Shenyang 110866, Liaoning, China; 2. Liaoning Poplar
Research Institute, Yingkou 115213, Liaoning, China; 3. Chaoyang Forestry and Grassland Service Center, Chaoyang 122000, Liaoning, China)

Abstract: [Objective] To reveal the variation patterns and driving mechanisms underlying leaf phenotypic diversity in Quercus
mongolica and provide a data basis for constructing Quercus mongolica germplasm banks, breed suitable provenances, and to promote
sustainable utilization. [ Method] Thirteen leaf phenotypic traits were systematically measured for 55 Quercus mongolica provenances
from northeast and north China. Nested analysis of variance was used to quantify variation contributions among and within provenances;
phenotypic differentiation coefficients were employed to analyze the degree of genetic differentiation; principal component analysis
(PCA) and UPGMA clustering were combined to explore the classification value of traits; regression models were utilized to evaluate
the impact of climatic differences (e.g., annual average temperature, seasonal rainfall) between provenance and planting sites on
phenotypes. [Result] All 13 traits show significant differences among provenances (P << 0.05), with coefficients of variation (CV)
ranging from 18.81% to 63.50%. Among them, leaf area (CV=63.50%), petiole length (45.42%), and leaf base angle (39.86%) exhibit
the most significant variations. The average phenotypic differentiation coefficient is 61.99%, and the variance contribution among
provenances (57.65%) is significantly higher than that within provenances (35.09%), indicating that variation mainly originates from
geographical population differentiation. Correlation analysis shows that different leaf traits are mainly highly correlated with leaf
length and leaf width. PCA extracts 3 principal components (cumulative contribution rate 66.60%), with dominant factors being leaf
length (PC1 loading 0.954), leaf tip angle (PC2 loading 0.745), and leaf base angle (PC3 loading 0.743) in sequence. Cluster analysis
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divides the 55 provenances into 3 types: large-leaf type (6 provenances), medium-leaf type (23 provenances), and small-leaf type

(25 provenances). The medium-leaf and small-leaf types account for 90.9%, with classification based on leaf size (leaf length, leaf width)

and angle characteristics (leaf tip angle, leaf base angle). Climatic differences between provenance and planting sites have significant

effects on 6 traits (P << 0.05), but the explanatory rates (coefficient of determination, R*) are generally low ( << 0.17). [ Conclusion] Leaf

phenotypic diversity in Quercus mongolica is dominated by genetic differentiation among provenances. Leaf area, petiole length, leaf

base angle, leaf perimeter, and leaf vein angle are key indicators of phenotypic differentiation; leaf length, leaf tip angle, and leaf base

angle can serve as core indices for germplasm classification. Climatic factors have a weak impact on traits, indicating that genetic

background is the main cause of variation.

Keywords: Quercus mongolica; leaf; provenance; phenotypic traits; variation among provenances
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Fig. 1 Quercus mongolica leaf sampling points
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Table 2 Variation analysis of leaf phenotypic traits germplasm resources of Quercus mongolica

LRI M SO T i B R M Fif
Phenotypic trait Minimum Maximum Mean Star.ldf.ird Range Coefﬁ(}lent of F value
deviation variation /%
K Leaf length 532 21.11 11.48 3.12 15.79 27.21 6.42%
-9 Leaf width 2.16 11.41 5.54 1.80 9.25 32.67 7.43%
K Petiole length 0.05 0.93 0.33 0.15 0.88 45.42 6.55%
4R % Petiole width 0.09 0.41 0.21 0.07 0.32 32.75 3.45%
H-T5if Leaf tip angle 15.52 160.90 123.15 26.12 145.38 2127 4.39%
IH3££f Leaf base angle 39.05 158.20 83.39 33.15 119.15 39.86 12.33%
k% £ Leaf vein angle 15.48 162.40 81.73 31.70 146.92 38.90 7.25%
HE i ff1 Serration angle 38.31 163.07 111.39 28.71 124.76 25.85 2.65%
M- Leaf area 7.51 147.59 39.74 25.16 140.08 63.50 6.74*
M5 K Leaf perimeter 437 155.99 55.19 21.62 151.62 39.29 4.25%
k%1 Number of lateral veins 5.00 17.00 9.11 222 12.00 24.44 5.02%
I JE 4R 4L Leaf shape index 1.37 4.18 2.14 0.40 2.81 18.81 6.91%
2K F Leaf margin factor 1.15 9.68 2.79 1.01 8.53 36.23 2.49%

to* P <0.05 K TFZEREE. *: significant difference at P < 0.05 level.

®3 FERMRABRMREERNGFESESRESURK

Table 3 Variance components and phenotypic differentiation coefficients of leaf phenotypic traits in germplasm resources

of Quercus mongolica
SRR _ Variarjlii?mfonent P?rc?ntagz)iiiiﬁjoligponent 1% %P%eﬁ:(f;f:cﬁ
Phenotypic traits Tﬁ? @ﬁi LI 22 T:Ef iij]ii ?1 LI 2= differer}tiation
provenangces provenances Random error provenangces provenances Random error coemCIent /%
I-K: Leaf length 6.33 2.85 0.65 64.39 28.99 6.61 68.95
9 Leaf width 225 0.85 0.20 68.18 25.76 6.06 72.58
4 Petiole length 0.015 0.007 0.002 62.50 29.17 8.33 68.18
4 58 Petiole width 0.0021 0.0022 0.0004 44.68 46.81 8.51 48.84
5 £ Leaf tip angle 366.36 270.37 53.63 53.07 39.16 7.77 57.54
3£ Leaf base angle 882.03 180.55 52.98 79.07 16.18 4.75 83.01
ik f Leaf vein angle 688.45 266.56 63.77 67.58 26.16 6.26 72.09
HE 14 Serration angle 295.46 461.39 75.52 35.50 55.43 9.07 39.04
A Leaf area 421.36 178.80 41.60 65.66 27.86 6.48 70.21
5 K Leaf perimeter 245.88 190.00 37.22 51.97 40.16 7.87 56.41
I Bk % Number of lateral veins 2.86 1.77 0.37 57.20 35.40 7.40 61.77
- Fa 4L Leaf shape index 0.109 0.045 0.010 66.46 27.44 6.10 70.78
24X F Leaf margin factor 0.341 0.593 0.095 33.14 57.63 9.23 36.51
“FH{E Average value — — 57.65 35.09 7.26 61.99
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Fig.2 Correlation of leaf phenotypic traits in germplasm
resources of Quercus mongolica

24 FETRMARREMERERDS DT

XS AR 13 AN R B IR AT 3 85 40 4T
B3 AMRHEE KT 1 ERS, BirmE N
66.60% (£ 4) o TR 1 FFERS 2 MTTERFIE
54.78%, EHLHT 2 AN T B o R AR R SN BRI 3R
AR, Ak, PCLAERFK, WS8R A A
BBOR B AT PC2 AE M T A A T 48 20h B A 4L
KV AT; PC3 A8 I A F ik I o B BOK
(AT o

25 eI R REMKRBES

28 3 br AE AL A 4, SR BRIG R 55 251 30
(UPGMA) #ATERZE (K3 , 5540 5 A #RFh i
PRURAERK IR S 5.0 /b2y Ay 4 350 56 1 M a0
T, R R, e AR E . B
BRIGYETT 6 ANFhIE; 28 11 28R IR O 46 % 1L iy
Fhss 2 1L SRR PRI . i E . @i
AASETT AL TS 23 ANFRJE; 25 VI ZME il

B OB T | b BT 2L A 25 MR, e,
FEPIAFENHAC, HHFE . I AR A . A
RBCE FORE, SN R B S R DU
AUNIHERL, K RIAE 55 AR BT b U R

R4 FOEFMRTRRESHENER S 2
Table 4 Principal component analysis of leaf phenotypic
traits in germplasm resources of Quercus mongolica

RS Principal loadings
FRor 1 ESGr2 3

KPR Phenotypic trait

PC1 PC2 PC3
K Leaf length 0.954 -0.003 0.152
55 Leaf width 0.929 0.298 -0.082
K Petiole length 0.555 -0.373 0.191
4% 5 Petiole width 0.624 0.063 -0.197
T34 Leaf tip angle -0.268 0.745 -0.092
I3 ff Leaf base angle -0.169 0.489 0.743
ik 48 Leaf vein angle 0.059 -0.554 -0.667
14 ff1 Serration angle -0.169 0.349 0.075
M- A Leaf area 0.956 0.145 0.065
&K Leaf perimeter 0.846 0.096 0.096
-k % Number of lateral veins 0.239 -0.628 0.440
M Fa 4L Leaf shape index -0.202 -0.699 0.453
2% K7 Leaf margin factor 0.644 0.088 -0.089
F#{E{H Eigenvalue 4.75 2.37 1.54
TTHk % Contribution rate /% 36.51 18.27 11.82
A 36.51 54.78 66.60

Cumulative contribution rate /%
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Fig. 3 Clustering analysis of 55 germplasm resources
of Quercus mongolica
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FHREE (R=0.160) . EZFEFHRIEE
(R’=0.170) FIRA TSR\ %E (R=0.130)
BELWHHEK (P <005 ; BABEFEHS

H% (R=0.050) BZEEMELMA (P <0.05) ;
T2 B BR K 2 (R*=0.020) 5 3 82 i - i 2
(P <0.05 ; FFHAIEE (R=0.020) i
AEFETFHSIEE (R=0.020) #5201 H k%
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EHFHRIRZE (R=0.020) MRAZEEFHYSIE
7 (R*=0.008) REMIMEIEE (P <0.05) .
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Table 5 Regression analysis between phenotypic characteristics of Quercus mongolica germplasm resources and differences

in climate variables

SE [ Vﬂ%u“,) E’\/'\ﬂ%u“/i) N N N - N
Ry OWRERETE BRERETY Lepoe pmsmmks BREREMAZ
R SR Z Mean SR 2% Mean O e
FIPEAR Annual mean Annual mean Precipitation Precipitation
. . temperature temperature . . .
Phenotypic traits temperature . . precipitation difference of the  difference of the
. difference of the  difference of the . .
difference difference wettest quarter driest quarter
warmest quarter  coldest quarter

I Leaf length NS NS NS NS NS 0.080%*
55 Leaf width NS NS NS NS NS NS
%K Petiole length 0.160%** 0.170%*** 0.130%** NS NS NS
H-HR5E Petiole width NS NS NS NS NS NS
15 £ Leaf tip angle NS NS NS NS NS NS
3 ff Leaf base angle NS NS NS NS NS NS
ik f Leaf vein angle NS NS NS NS NS NS
B514 8 Serration angle NS NS 0.050% NS NS NS

M Leaf area NS NS NS NS NS 0.020*
A K Leaf perimeter NS NS NS NS NS NS
I fk %4 Number of lateral veins 0.020%* NS 0.020* NS NS NS
I $84L Leaf shape index 0.008** 0.020* 0.008** NS NS NS
2% AT Leaf margin factor NS NS NS NS NS NS

TORPHENIE R (R, FREANER T2 X IR R IRBER . *: P <005, **: P<0.01, ***: P <0.001; NS: P=0.05. <fEH

TSRS F IR AR AR bR 1] 200 2

Values are coefficients of determination (R’), indicating the proportion of variation in leaf traits explained by differences in climatic factors. *: P << 0.05, **: P <
0.01, ***: P < 0.001; NS: P = 0.05. Differences in climatic factors refer to the absolute differences in climatic indices among provenances.
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I 3 A0 R AE 38R 6 DR 36 5 BRI 25 S )
15 F R A= AR I AT LI MR, LI A 2R T2
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SRS MRAMIIX 55 AN EARFHBE 13 A ik
PR, G LR R R RIS o B 13 AN 2R A
TR I S PR 22 5 LR IR
TR ©), AR PO A A Xk BV R A 4 SR,
A R 25 15 A58 8] 14 00 2 10 PR A5 e e 2 30
BRI R, X A BRI B () O e 4
T HER BY, X AR TTSE A — B

AFFOA I, ZE kMR e A
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WK 5 AR Al 08 5 1 M S WA 7D o VB 52 14 A
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HA R B AR, FEAS R R ] A (R

AN, AWM. A, W R
RILHAIR AT, R FPERIFIER AR
PR AR (R4S S FEARHE AR, S AR A R
BEIR I B IR AR S RN 18.81% ~ 63.50%. 5
RER B RO RS P M b, SR AR A AR R R A
TR EKF
TiESEA AR SR E R, Fih
Bk 13 AN R B HIRAE AR 8] 1) )5 22 50 &8 43 E
N 57.65%, FHIEHN N 35.09%, R HMREHN
36.51% ~ 83.01%, XS5 BRI Fr 78 Pl 3 Al
PR AT E AR R, AEREEET
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BF P R A IR B AR — B, RIS [R5 I R A
() P P R A S e L R AR S ) = R R, i —
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