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Number and origin of germplasm resources

Y5 Germplasm sources

FEA KUk Sample numbers

U5 Germplasm sources FEAK /KR Sample numbers

2= Bozhou, Anhu 5
bAoAl Eucommia Park, Beijing 263
JERTIEHE K5 Tsinghua University, Beijing 4
Jb 577 SR # Wanquanhe Road, Beijing 25
R &R Jianyang, Fujian 7
]8I Mochuan, Guangxi 10
St X Zunyi, Guizhou 21
it % [® Anguo, Hebei 36
TR #SEE Hebi, He'nan 8
T FE % BH Luoyang, He’nan 92
T H#PH Nanyang, He’nan 8
M Ruyang, He’nan 13
i F =11k Sanmenxia, He'nan 4
Al Fg 7 - Shangqiu, He’nan 34
T £ Xinxiang, He’nan 17
VA #B M Zhengzhou, He’nan 8
WALA AR 28 Shennongjia, Hubei 5

WAL Wuhan, Hubei 8

WIFTTHE Jiangya, Hu’nan 28
ISR Zhuzhou, Hu’'nan 5
ML Jran, Jilin 9
YLIM7K Xiangshui, Jiangsu 18

{L7iE & Nanchang, Jiangxi
(L % # Jinan, Shandong

I &% M Qingzhou, Shandong

2
5
2
PG4 Y Houma, Shanxi 7
I 753Z3 Yuncheng, Shanxi 4
Bk PGS FH Lueyang, Shaanxi 4
BePE4F% Yangling, Shaanxi 3
P41 7% Guangyuan, Sichuan 16
FTEERT TS5 Aksu, Xinjiang

B8 28K 5% Urumgi, Xinjiang

6
6
= M #hi3 Yanjin, Yunnan 7
ALHLM Hangzhou, Zhejiang 6

7

HPRYPEEYL Shapingba, Chongging
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Table 2 Statistical analysis of leaf phenotypic traits of Eucommia ulmoides germplasm resources

AR Traits F/ME Max B RM{E Min P Mean  #5#E% SD ARRRE CVI% BHEZ RS H
it Lk -5 & Specific leaf fresh weight (SLFW)/g 1.17 2.97 1.96 0.20 9.99 2.03
b5 & Specific leaf dry weight (SLDW)/g 0.46 1.07 0.73 0.09 12.14 2.06
/K& Water content of leaf (WC)/g 0.58 2.26 1.23 0.13 10.65 1.90
EEE Internode length (IL)/mm 0.34 3.44 2.18 0.36 16.54 2.06
i F K Leaf length (LL)/mm 94.15 181.17 135.90 14.63 10.77 2.09
K % Lt Length to width ratio of leaf (LTWR) 1.58 2.81 2.08 0.19 8.90 2.07
M %% Leaf width (LW)/mm 43.11 95.93 65.76 7.44 11.32 2.08
"1 Leaf area (LA)/mm? 2670.21 10 389.33 5819.23 1203.41 20.68 2.07
4L i % 4 Red component of leaf (RC) 44.50 102.00 61.54 4.55 7.40 1.97
i 8 %4 Blue component of leaf (BC) 22.00 57.00 35.78 3.24 9.05 2.02
4k ta ks> Green component of leaf (GC) 55.00 117.00 75.03 6.12 8.15 2.00
4k 2% {H Chlorophyll reference value (CRV) 1.64 3.91 3.29 0.15 4.57 1.99
i K Leaf perimeter (LP)/mm 266.49 533.89 398.11 44 .85 11.27 2.08
-4 Stipe length (SL)/mm 1.00 2.75 1.72 0.31 18.27 2.09
“F¥1H Mean 11.41 2.04
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Table 3 Comparison of leaf traits from different origin among Eucommia ulmoides germplasm (MeantSD)
PEIR Traits Jt 5t Beijing /1 Guizhou 1k Hebei i He’nan #4t Hubei
SLFWI/g 1.99+0.2 ab 1.86 £ 0.18 bc 1.95+0.18 bc 1.97 £ 0.18 abc 1.95+0.24 bc
SLDW/g 0.74 £ 0.09 bc 0.69+0.08 c 0.72 £ 0.09 bc 0.73 £ 0.08 bc 0.73+£0.13 bc
WClg 1.25+0.14 ab 1.17 £0.11 bc 1.23+0.11 ab 1.25+0.12 ab 1.22+£0.13 ab
IL/mm 213 +£0.34 bc 2.09+0.27c 213 +£0.31 bc 2.18 £ 0.36 bc 241+030a
LL/mm 133.62+13.85¢c 132.76 £ 14.21¢c 136.83 +12.01¢c 137.67 £ 15.24 ¢ 138.26 + 9.34 bc
LTWR 2.06 £ 0.17 bc 218 £0.22 ab 2.06 £ 0.13 bc 2.07 £ 0.18 bc 221+0.29a
LW/mm 65.36 + 6.90 abcd 61.39+7.58 d 66.57 + 5.26 abc 67.00 + 8.55 ab 63.63 + 7.96 bcd
LA/mm? 5717.80 £ 1119.10 bcd 5304.72 £1210.55cd  5973.15+967.72abc 6 030.20 + 1 344.96 abc 5 637.56 + 915.01 cd
RC 62.24 +4.68 a 61.57 + 3.96 ab 61.07 £5.14 ab 61.41+4.29 ab 58.96 + 4.68 bc
BC 35.86 +3.46 a 37.05+246a 3547 +3.17 a 35.71+3.04 a 35.89+2.36a
GC 76.12 £ 5.97 ab 73.79 + 4.36 abc 75.58 +7.00 ab 74.89 £ 6.05 ab 72.82 +6.91 bc
CRV 3.26 £0.16 cd 3.27+0.12cd 3.28+0.13 cd 3.30+£0.13 cd 3.34£0.12 bc
LP/mm 393.50 +40.33 bc 383.30+43.11¢c 398.24 + 38.27 bc 403.47 + 50.3 bc 396.82 + 36.20 bc
SL/mm 1.74 £ 0.32 ab 1.75+£0.33 ab 1.61 £ 0.31 abc 1.79+0.28 a 149+021c
PEAR Traits H1F Hu'nan YL75 Jiangsu th 7§ Shanxi 74)1l Sichuan HiiE Xinjiang
SLFWI/g 1.88 £ 0.15 bc 1.86 £ 0.18 bc 2.09%0.17 a 1.84+0.14c¢c 1.97 £ 0.15 abc
SLDWI/g 0.70+£0.08 ¢ 0.70+0.10 ¢ 0.82+£0.08 a 0.71+£0.08 ¢ 0.78 £ 0.07 ab
WClg 1.18 £ 0.08 bc 1.16 £ 0.10 bc 1.28+0.11a 1.13+0.08 c 1.19 £ 0.09 abc
IL/mm 211+032c 2.16 £0.32 bc 2.29 £ 0.28 abc 246+0.32a 2.36 £0.31 ab
LL/mm 13598+ 122¢ 123.75+11.54d 146.64 + 19.08 ab 14791 +12.05a 134.38 + 14.62 ¢
LTWR 2.12+0.18 abc 203x021c 2.16+£0.23 ab 2.14 £ 0.14 abc 2.06 £0.15 bc
LW/mm 64.52 + 5.69 abcd 61.84 + 8.45 cd 68.49 + 8.76 ab 69.51+5.03 a 65.32 + 4.41 abcd
LA/mm? 5715.55 £907.52 bcd 4 992.53 + 1106.25 d 6491.22+1471.75ab  6623.15+ 1007.96 a 5718.37 £ 875.78 bcd
RC 62.51+3.40 a 62.92+4.26 a 60.95 + 3.58 ab 58.81 + 3.83 bc 57.04+519¢c
BC 3529+ 3.04 a 35.97 +3.63 a 32.77 +3.84 b 36.06 +2.83 a 35.04+4.48 a
GC 76.00 +4.10 ab 77.06 £6.69 a 72.82 +5.62 bc 70.41 +4.42 cd 68.71 +6.64 d
CRV 3.29+£0.11cd 3.23+0.15d 348+0.14a 3.40+0.12 ab 348+0.21a
LP/mm 387.07 £32.97 ¢ 378.22£45.78 ¢ 419.35 + 60.47 ab 433.18 £29.71 a 398.84 + 34.74 bc
SL/mm 1.67 £ 0.25 abc 1.57 £ 0.35 bc 1.76 £ 0.37 ab 1.62 + 0.28 abc 1.51+0.25¢

e MERERINR2, FATAF T RRR 257 53 (P<0.05). .

Notes: Traits details see Table 2. Different letters in indicate significant difference at P<0.05. The same below.
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Table 4 Correlation analysis of 14 phenotypic traits in leaves of Eucommia ulmoides germplasm resources

E2N

Trats  SLFW  SLDW  wc IL LL LTWR LW LA RC BC GC CRV LP sL
SLFW 1

SLDW  0.837* 1

WC  0928* 0574 1

L -0.098** -0.089* -0.087* 1

LL 0004 0048 -0.026 0.166** 1

LTWR -0.073 -0.056 -0.071 -0.021  0.344"* 1

LW 0066  0.094* 0036 0173 0684 -0.442"* 1

LA 0044 0084 0009 0.181* 0.836™ -0.141"* 0911 1

RC -0014 -0.071 -0.028 =-0.105* -0.207** -0.041 -0.165" -0.191** 1

BC -0.050 -0.093* -0.012 0052 -0.023 -0.036 0001 -0.019 -0.248" 1

GC -0026 -0.071 -0.010 -0.098** -0.250** -0.052 -0.191** -0.219"* 0.876"* -0.420"* 1

CRV 0071 04154 0002 0052 0281 0.087* 0197 0244 -0619"* -0.426™ -0.637" 1

LP 0029 0072 -0006 0198 0852 -0.003 0818 0839 -0.161** -0.005 -0.209"* 0.224** 1

SL 0095 0114 0064 -0.081* 0328 0024  0296* 0338 -0.084* -0.045 -0.121** 0.163** 0.288" 1
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Table 5 Principal component analysis of phenotypic traits of 701 Eucommia ulmoides germplasm resources

T4 Principal component

PEIR Traits

1 2 3 4 5) 6
SLFW 0.020 0.998 ~0.007 0.007 -0.019 ~0.037
SLDW 0.059 0.857 -0.081 0.096 -0.016 -0.059
wC -0.010 0.912 0.045 -0.055 -0.018 -0.015
IL 0.234 -0.072 -0.072 -0.012 0.020 0.831
LL 0.900 -0.008 -0.115 0.024 0.380 -0.003
LTWR -0.050 -0.054 -0.046 0.028 0.994 -0.021
LW 0.899 0.040 -0.069 0.004 -0.405 0.011
LA 0.951 0.022 -0.090 0.022 -0.111 -0.002
RC -0.107 -0.005 0.938 0.091 -0.002 -0.030
BC -0.017 -0.042 -0.204 -0.972 -0.019 0.030
GC -0.151 -0.018 0.948 0.223 -0.025 0.001
CRV 0.178 0.056 -0.753 0.603 0.048 -0.029
LP 0.933 0.013 -0.065 0.003 0.046 0.049
SL 0.416 0.064 -0.077 0.032 0.058 -0.610
FE{E{H Eigenvalue 4.065 2.603 2.132 1.449 1.215 1.025
Ti#kZ Contribution rate/% 29.036 18.592 15.226 10.353 8.680 7.324
R TRk Cumulative contribution rate/% 29.036 47.628 62.854 73.207 81.887 89.211

W{LHE % Genetic distance
w
o
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Clustering of 701 Eucommia ulmoides
germplasm resources
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Table 6 Comparison of phenotypic traits of various groups of Eucommia ulmoides germplasm resources

24 Group
IR Traits TiH ltems
ZEIZEEE Group | 28 11 258 Group 11 BIZEEE Group 111 ZBIVEEE Group IV
SLFW/g VIE + bRz 1.87+0.15¢ 2.18+0.15a 1.85+0.15¢ 1.92+0.14b
255t RHCVI% 8.02 6.88 8.11 7.36
SLDW/g BIME + bRk 0.70 £ 0.07 bc 0.82 £0.07 a 0.69 +0.07 c 0.71+0.07 b
5 R HCVI% 10.00 8.54 10.14 9.48
WClg B + bR 1.18 £ 0.09 ¢ 1.35+0.14 a 1.16 £ 0.09 ¢ 1.21£0.09b
7 RECVI% 7.63 10.37 7.76 7.81
IL/mm BIME + brifE % 2.34+0.34a 2.08+0.32b 2.15+0.43 b 212+031b
255t RHCVI% 14.53 15.38 20.00 14.85
LL/mm M + brifE % 146.72 + 11.57 a 132.61+12.26 ¢ 117.74 £9.33d 137.59 £ 10.50 b
5 RHCVI% 7.89 9.25 7.92 7.63
LTWR B + bR 210£0.16 a 2.08+0.19a 2.03£0.19b 210+020a
A5 ZHCVI% 7.62 9.13 9.36 9.58
LW/mm B + bR 70.50+6.76 a 64.34+7.35b 58.47 + 4.65 ¢ 66.10+5.60 b
255t RHCVI% 9.59 11.42 7.95 8.47
LA/mm? PIE + bRl 6664+1144a 5594 + 1094 b 4503 +578 ¢ 5866 + 837 b
5 RHCVI% 17.17 19.57 12.84 14.27
RC B + bR 58.76 +2.82 d 60.58 + 3.69 ¢ 61.90+4.19b 65.05+4.57 a
7 RECVI% 4.80 6.09 6.77 7.02
BC B + bR 36.75+2.84a 35.37+3.03b 36.38+2.57 a 34.82+3.76b
255t RHCVI% 4.80 8.57 7.06 10.81
GC BIME + brifk 2 70.86 £ 3.53d 73.73+4.99¢ 75.88+5.04 b 80.01+6.03a
5 RHCVI% 4.98 6.77 6.64 7.53
CRV B + bR 3.36+0.13a 3.34+0.12a 324+011b 321+0.16b
A5 ZHCVI% 3.87 3.59 3.40 5.14
LP/mm B + bR 429.39+39.73 a 386.50 + 39.41 ¢ 348.05 + 25.14 d 403.47 3322 b
255t RHCVI% 9.25 10.20 7.22 8.24
SL/mm M + brifE % 1.78+0.30 a 1.76+0.31a 147 £023b 1.76+0.31a
A5 ZBCVI% 16.85 17.61 15.65 17.71

3 it
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ARAT LML AAKOE T I 585 S 10 748 S 2Rk
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AR SE RBOHOK, BHURE RS, 14 MR R R
¥l 4.57%~20. 68%, Hrb, mmEFAE S RE
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Table 7 Prediction results of germplasm classification of Eucommia ulmoides of various groups

IIZ:4E Training set MR EE Test set
FEGLEA
A 7 ESE UIES IES: NESH ES: IES IIESH IV
Group | Group II Group III Group IV Group | Group II Group III Group IV
A
1i;;éé?zfsan1mes 157 134 84 153 52 44 27 50
TEBA T AN £
Accurate prediction number 141 115 68 111 42 36 2 38
TN L Fiff
Iij;z‘cjirft??faccuracy/% 89.81 85.82 80.95 72.55 80.77 81.82 77.78 76.00
PR HER =
Average accuracy/% 62.39 79.09
#8 MA 6 NREMERWEEBESLTMNMNEEY
Table 8 Importance of the six phenotypic traits in leaves for classification of various groups
AN[RI T 23 S TR0 o - A% B ) S A 5
LR Traits The importance of each variable in the classification of various groups SRR RG BE SFEIRARELJE R AL

Mean Decrease Accuracy Mean Decrease Gini

1267 Group | 247 Group TT TR Group IIT IV2EF¥ Group IV
SLFW 56.04 120.75 39.24 27.19 112.71 110.50
IL 24.41 13.89 -2.42 5.87 25.08 33.11
LTWR 9.26 1.81 6.22 5.59 11.66 29.61
LA 63.32 8.69 92.50 29.44 92.95 94.20
GC 74.45 14.27 10.67 78.48 93.87 87.94
CRV 5.62 16.30 15.70 23.93 31.65 33.55

v PR RARORS B2 i BE LR T /R 0 1k ) PR AR B, (R R i A B (M F MoK . PR AR JE REOE I I e e B0t S AL Boxd 43
RN A 0 S B R, AT PR B A B, RN %A B Y R

Notes: Mean decrease accuracy refers to the degree of decrease in the accuracy of random forest prediction, and the higher the value, the
greater the importance of the variable. Mean decrease Gini calculates the influence of each variable on the heterogeneity of observations on each
node of the classification tree through the Gini index, so as to compare the importance of the variable. The higher the value, the greater the

importance of the variable.
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Diversity Analysis of Leaf Phenotypic Traits of
Eucommia ulmoides Germplasm Resources

MENG Yi-de'?, DU Hong-yan'?, WANG Lu'?, LV Geng-xin'?, QING Jun'?,
HE Feng'?, HUANG Hai-yan®, DU Qing-xin'?

(1. Research Institute of Non-Timber Forestry, Chinese Academy of Forestry, Zhengzhou 450003, He’nan, China;
2. The Eucommia Engineering Research Center, State Administration of Forestry and Grassland, Zhengzhou
450003, He’nan, China; 3. He’nan Runyou Forestry Technical Service Co. Ltd,

Zhengzhou 450003, He’'nan, China)

Abstract: [Objective] The genetic diversity of leaf phenotypic traits of 701 Eucommia ulmoides germplasm
resources was investigated to provide theoretical support and materials for the breeding, development and
utilization of Eucommia ulmoides. [Methods] Fourteen phenotypic traits of Eucommia ulmoides leaves
were determined. Correlation analysis, principal component analysis and cluster analysis were used to
investigate the genetic diversity of leaf phenotypic traits among different germplasm. [Results] There were
significant differences among 14 phenotypic traits of Eucommia ulmoides leaves. The coefficient of
variation of leaf area was the largest (20.68%), and the coefficient of variation of chlorophyll reference
value was the smallest (4.57%). The genetic diversity index of each phenotypic trait ranged from 1.90 to
2.09, and the genetic diversity index of leaf length and petiole length was the highest with 2.09.There were
26 pairs of leaf phenotypic traits that are significantly positively correlated, and 19 pairs that are significantly
negatively correlated (P<0.01). There were extremely significant positive correlations among the five traits
of leaf length, leaf width, leaf area, leaf circumference and petiole length (P<0.01). The cumulative
contribution rate of 6 principal components extracted by principal component analysis was 89.211%.
Based on 14 phenotypic traits, 701 Eucommia ulmoides germplasm were divided into 4 categories. There
were significant differences in leaf phenotypic traits among various groups. [Conclusion] The leaf phenotypic
traits of Eucommia ulmoides germplasm resources show rich diversity, and six traits are selected as
important indicators for evaluating the resources of Eucommia ulmoides germplasm resources, including
leaf area, Specific leaf fresh weight, green component of leaf, chlorophyll reference value, length to
width ratio of leaf, and internode length. It provides an excellent germplasm basis for the selection and
comprehensive utilization of Eucommia ulmoides varieties.

Keywords: Eucommia ulmoides leaves; germplasm resources; phenotypic traits; diversity.
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