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Principal component analysis and overall evaluation of
amino acids in Eucommia ulmoides male flowers

DU Qingxin, WEI Yanxiu, LIU Panfeng, QING Jun, DU Hongyan
(Non-timber Forest Research and Development Center of Chinese Academy of Forestry/The Eucommia

Engineering Research Center of National Forestry Administration, Zhengzhou 450003, China)

Abstract ; [ Objective] To study the difference in amino acid content among male flowers of different
FEucommia ulmoides germplasm, and evaluate the comprehensive quality of E. wulmoides male flowers
based on amino acid composition. [ Method ] The contents and compositions of amino acids in male flowers
of 193 E. ulmoides germplasm resources were determined by automatic amino acid analyzer, then the
qualities based on amino acid contents were evaluated objectively by principal component analysis, and
overall scores and rankings were calculated. [ Result]There were 17 kinds of amino acids in male flowers
of 193 E. ulmoides germplasm resources. The contents of total amino acids and essential amino acids
were 206. 23 and 68. 37 mg + g~ respectively, among which aspartic acid and glutamic acid were the two
major amino acids. Six principal components were extracted, and the first and second principal
components (factors of essential amino acids ) had relatively high influence on amino acid contents in E.
ulmoides male flowers. Six types of E. ulmoides germplasm with superior amino acid traits of male flowers
were chosen by selecting the top 5% , and the male flowers of nine E. ulmoides germplasm resources
including 10419x, 10519x, 10345x, 10444x, 10370x, 10552x, 10589x, 10339x and 10515x were
evaluated as having the best quality based on their amino acid compositions. [ Conclusion]The principal
component analysis could be used to analyze the comprehensive quality of male flowers among diverse E.

ulmoides germplasm based on amino acid compositions.
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Tab.1 Basic statistic parameters of amino acid contents in Eucommia ulmoides male flowers w/(mg+g")
e lES FEIE £ hrfEzE BERIREE W || EEEMRRE FIME £ briERE EREE e
Asp 29.84 +£5.85 14.37~41.76  27.39 | Leu” 16.11 £2.95 11.32~24.28  12.96
Thr” 8.85+1.64 5.15~13.03 7.88 || Tyr 4.64+1.04 2.40~8.37 5.97
Ser 10.23+£1.64  6.67~17.66  10.99 || Phe” 9.59£2.07 5.62~18.73 13.11
Glu 42.91 +11.09 21.83~75.59 53.76 | His 6.28+1.12  3.62~10.85 7.23
Gly 8.79+1.36 5.40~11.73 6.33 | Lys” 11.36 £4.42  3.61~20.70 17.09
Ala 10.48 £1.89  6.40~15.26 8.86 || Arg 13.84 £4.65 6.30~31.37 25.07
Cys 2.89+1.19 1.37 ~8.48 7.11 Pro 7.96 £3.45  2.01~21.47 19.46
Val” 11.29 £1.88  7.23 ~16.06 8.83 | EAAY 68.37 £11.07 50.61 ~94.32  43.71
Met * 1.54£0.53  0.68 ~3.59 2.91 | TAAY 206.23 £25.90 154.26 ~254.66 100.40
Ile " 9.62+£1.60  6.64 ~14.63 7.99
1) « RELEGRER; 2)EAA A ey F R AR 3)TAA A B A48,

2.2 EAMKRE IR HAD B LR 2 T A S A 2 35 b, oAt 2 3

R AR 5 28 RO I 1) DU AS 36 J U, 5 A A
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A AHSC R R AR L 2 AL
A IEA R, tA A 5. BRI

PR 22 1) AR AT A S 35 o 3 A Sk o IR 5
V) 52 50 P A 6 P U B, BT L e 3 40 o B R e A
BRI E LR
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Tab.2 Correlation between amino acid contents in Eucommia ulmoides male flowers

FHR A Thr Ser Glu Gly Ala Cys Val Met lle Leu Tyr Phe His Lys Arg Pro
Asp 1.000
Thr 0.252** 1.000
Ser 0.345™ 0.739 ** 1.000
Glu 0.167* -0.175* -0.033 1.000
Gly 0.297 ™ 0.427** 0.552"* 0.196 ** 1.000
Ala 0.087  0.454™ 0.468** 0.076  0.759 ** 1.000
Cys 0.235*-0.073  0.137  0.179* 0.184™ 0.072  1.000
Val 0.291 ™ 0.262 ™ 0.380 ™ 0.281** 0.661 ** 0.464 ™ 0.013 1.000
Met 0.110  0.184 ™ 0.194 **-0.013 0.277* 0.325™ 0.081 0.093 1..000
lle 0.3347" 0,244 ™ 0.446™ 0.149* 0.661 ** 0.512™ 0.376 ** 0.606 ** 0.197 ** 1.000
Leu 0.212" 0.286 ™ 0.453 ™ 0.201 ** 0.653 " 0.585™* 0.246 ** 0.611 ** 0.158* 0.836 ** 1.000
Tyr 0.252* 0.100  0.382* 0.108  0.584 ™ 0.380 ** 0.274 ™ 0.444 ** 0.256 " 0.670 ** 0.489 ** 1.000
Phe 0.458 ™ 0.113  0.315™ 0.173* 0.555* 0.330 ™ 0.387 " 0.647" 0.132  0.640 ™ 0.570 ** 0.535** 1.000
His 0.640 ™ 0.086  0.333** 0.300** 0.465** 0.183 " 0.338*" 0.402 ™ 0.258 ** 0.452** 0.304** 0.471** 0.583 ** 1.000
Lys 0.214 *-0.102  0.157* 0.300** 0.325™ 0.148* 0.339 ™ 0.604 **-0.080  0.581 ™ 0.522* 0.501 ™ 0.747 ** 0.345* 1.000
Arg 0.107 -0.137 -0.018  0.464 ™" 0.254"* 0.164* 0.286 ** 0.504 ** 0.015  0.404 ™ 0.259 ** 0.331** 0.582 " 0.266** 0.663 * 1.000
Pro -0.001 0.116  0.035 -0.128 0.074  0.069 -0.119  0.100 -0.060 -0.001 -0.118  0.007  0.111 0.045 -0.029 0.135 1..000
1) %% Fo % 55 £ 74 0.01 F20.05 /K-F £ 2 %48 % (Pearson 3% ) ,
2.3 ERHBH TN 39.326% , AUF T 17 R AL IR 42 PR

XALAPHERE 17 Fh@ BR & B4 T £ 04T,
SERILFE3 R4, W3 Al AT 6 A>T i R
TGRSR E T 88.592% , FAIE T 2R
MEA MR L, I n] DL IR 1 17 Fha S 54 1k
6 AT, 1 MR AE(E Y 5. 835,75 2%

39.326% MfE R 56 2 M4 RFIE(E ly 2. 478, J7
2ZEDTEREE N 16. 701% ARFR T 17 Fhad B iR kPR
16. 701% {5 8. 55 3 E A FRAEE Dy 1. 513, 75
LTk R N 10.197% 5 55 4 1R 4> 19 R AE (K
1.261, 5 22 5THk AN 8. 498% ;55 5 F Lo (AP {E
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Tab.3  Principal component analysis of amino acids in *4 HOELSEBHNTIRSSTERS
Eucommia ulmoides male flowers Tab.4 Feature vector of principal component of amino
F R4y LENRIE TR/ % BT % acids in Eucommia ulmoides male flowers
PC-1 5.835 39.326 39.326 KR PC-1 PC-2 PC-3 PC4 PC-5 PC-6
PC-2 2.478 16.701 56.027 Asp  0.089 0.214 0.861 0.070 -0.056 -0.025
PC-3 1.513 10.197 66.224 Thr -0.082 0.867 0.082 -0.150 0.014 0.079
pPC4 1.261 8.498 74.722 Ser  0.197 0.788 0.254 -0.155  0.038 —-0.065
PC-5 1.048 7.063 81.785 Glu  0.110 —=0.195 0.169 0.823  0.017 —0.224
PC-6 1.010 6.807 88.592 Gly  0.529 0.552 0.074 0.215 0.390 0.046
Ala  0.359 0.570 -0.234 0.153  0.475 0.028
3 4 AURL B 1 ERUT A T Gly Cys, Val| Cys  0.579 —0.254 0.359 -0.261  0.083 —0.344
lle Leu Tyr Phe Lys Fil Arg 9 M HERRTE b7 A2 4k 5 5 Val  0.611 0.369 0.056 0.471 -0.026 0.212
2 ERSr44E T Thr Ser Gly FI Ala 4 4> JEFRFE AR Met -0.006 0.059 0.122 -0.031  0.878 —0.028
AEHE 3 FRIE T Asp FI His 2 NEEBRIEF1 Ile 0.829 0.275 0.100 -0.027 0.157 -0.127
g 4 Fr RS T Glu 1 AN RR TS Ar AR Leu  0.720 0.422 -0.085 0.111  0.095 —0.269
%;%5 FA HAFET Met 1 /I\%%EE?E;%QE’ Tyr 0.679 0.092 0.173 -0.094  0.339 -0.005
56 ERAN AR T Pro | ANEULIRISER A5t Phe  0.783 0.075 0.387 0.108 0.007 0.167
SRS A
Lo TR I HTHRIR 6 AT h, T 193 £ AZ 0:621 —0:268 0:068 0:461 —0:038 0:233
BT A BEREAE 751~ £ AT IR Y, ORI S % A Pro  0.027 0.008 0.011 —0.121 -0.005 0.905
B R 2 6 28 Y 2 B R P R R A A B R B
x5 HMOMBRHELSIFIINEERFS
Tab.5 Principal component scores and overall scores of Eucommia ulmoides germplasms
PC-1 PC-2 PC-3 PC4 PC-5 PC-6 LA
HE s B w5 B4 s B4y iy B s B #S B4 s 84
1 10419x 14.07 10419x 8.14 11041x 7.42 10079x 5.88 11041x 9.96 11041x 4.15 10419x 8.53
2 10345x 11.26 10333x  7.35 10419x 6.36 10295x 4.97 10419x 6.71 10446x 3.06 10519x 6.30
3 10519x 10.79 10552x  6.95 10519x 6.30 10330x 4.95 10370x 6.54 10419x 2.77 10345x 6.12
4 10552x 10.14 10515x 6.66 10303x 5.93 10022x 4.52 10339x 6.36 10418x 2.75 10444x 5.90
5 10371x 10.03 10417x 6.56 10589x 5.72 10288x 4.36 10022x 5.66 10080x 2.68 10370x 5.84
6  10444x 10.02 11041x 6.30 10546x 5.25 10423x 4.12 10359x 4.95 10330x 2.67 10552x 5.72
7 10456x  9.83 10370x 6.27 10330x 5.12 10453x 3.91 10079x 4.25 10444x 2.53 10589x 5.70
8  10333x  9.69 10519x 5.80 10485x 5.12 10419x 3.89 10344x 4.15 10319x 2.53 10339x 5.29
9  10589x 9.50 10456x 5.44 10079x 5.03 10389x 3.70 10589x 4.13 10329x 2.45 10515x 5.26
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