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Principal Component Analysis and Cluster Analysis of
Molybdenum Enrichment Factors in Different Soybean

XU Shoujun,SUN Xuecheng, HU Chengxiao, TAN Qiling
(College of Resources and Environment, Huazhong Agricultural University,

Microelements Research Centre, Wuhan 430070, China)

Abstract ; To explore the differences of molybdenum absorption and transport between various soybean cultivars
and the main influence factors of molybdenum absorption and transport. Research method ; This research took 26 soy-
bean cultivars as material ,two Mo levels( Mo deficient or Mo sufficient ) were set. All soybean cultivars were grown
to mature period,then the molybdenum concentration and dry weight of each part were sampled and analyzed, and
molybdenum transport coefficient between different parts were calculated. The 13 indexes of molybdenum content of
each part and molybdenum transport coefficient were chosen to conduct principal component analysis. By principal
component, 13 indexes belong to 3 principal components. Three principal components were put into the formula such
as F1 = A1ZX1 + A2ZX2 + «----+ + AiZXp,then we got the value and rank of three principal components. Further-
more , the result of principal component was used to cluster analysis,26 soybean varieties were clustered into 2 cate-
gories ; the first kind of soybean variety were 13028 ,13030, defined as having a high ability of molybdenum enrich-
ment in seed, the second kind of soybean variety werel301,1302,1303, 1304, 1305,1306, 1308,1309, 13011,
13012,13013,13014,13015,13016,13017,13018,13019,13020,13021,13023,13024,13025,13026, 13027, de-
fined as having a strong ability of molybdenum enrichment in pod. The research results offered references for further
study on the characteristic of molybdenum absorption and transport, and offered good experimental material about
the differences of molybdenum between divers soybean cultivars.

Key words: Soybean ; Molybdenum ; Enrichment ; Transport ; Principal component analysis ; Cluster analysis

78 B #5:2016 - 09 - 10

HETH : [HERHE XT3 B (2014BAD14B02) ; Ho g 25 8 FL AR B L 45 3% 4 101 3 4> (2013PY135)
TEE BN ARSER (1990 - ), B R 3 B A AR FENFRGHERTR.

BIAER PVERL(1974 - ) 5 iAdb s BN R0 14, S RN F Y M E TR E FR.



A C T A
AGRICULTURAE 400
BOREALI-SINICA

31 %

SRR A K B 5 i T B, e R
fi)— 26 A TR T) RE S 4o 2 5 R A K AR S R
BRI R SE B, ERY R 1SS TR R
[ SR TS A 0 T 4 L I S I 4
ottt AR Y kR XA B A SRR Y —
ZVAEY AATER G A R R BT
BRI T SRR M i AR, MR AR T B R
F 2H 43 A B B 5 5 B, AT 365 B 1R 0 7 i LA B
R RS R ARG B TE R K LA T
YEH .

7 3 [ 47 75 K T B0 B 4H 49, S i A 40
B KV R W R T IX 178 A AT AT
BAH (AR5 & Bk <0.15 ppm) + 4K ) 98% , +
YR AL, b M b LR & R 0 R A, B A 7 KR
() AS DT 42 725 % 2 36 B e B 1 Bk 2 L R
S o B T AAE — o TR LR AR B R
SR T AL 68 S v 51 9 23 L A8 AE, O HLAM i
N BRI He 5 258 5 s o - 48 7 4 U 195 2 DL A
HEE DRI 3 S B VR B 3R R A R 3 R
(1) B35 S AR 2 B e 2 0 A 800 — R S G o

BF5E 22 W1, 1) — 1 4 A [0 6 b il Xof 4 o 2% 0 1%

SR A7 7 DR R 2 S Skl g 4T g R K
T2 XL A B RE 7 47 78 % TR 2 2 S TR ke ) A B k=
M T G 2 X R A e A AR I M a2 i
T3 R i A BIF TR T2 B B4 T W B i AR O R
BRI RN R B R A, X T REH
W WA 3 R P ) 25 i [ 1 B BIE ST AR GE D, B
FEARZS it f ) SR IR AC TP a4 P PR DAL e 2 1 LA
HEE RS [N 1, 38 o X X S AT T ST, T R
P, I BEAT AN TR) R 2 ity o 5 8 W e o 22 S ML o) 4 B
FEo PRI, BT IEHE AR 26 A A R T Bl X AR B B 1
FRPH R FPRLEH A MR R TR S R 2
FEAR 5 AR A i DL A ()90 A0 ] 41 AT A% AR Rk
GEX LIPS ~Pig TN L A PNCR LT e
1z [ £ EE R R, O R R AR WOCRE iz AL BE AT 5T 4
BEACAE | IF S A ] i A 18] 55 0 Wi e 32 22 & B F 5 42
R4 Y g A R o

L R

11 EBaR
32 Pt 4 [ 9 R DA O 9 26 A K 4
AR,

x1 #HHEXERMEKS

Tab.1 Germplasm resources and the codes of soybean in the experiment

45 Code iR Variety %5 Code AP Variety 4= Code iR Variety
1301 Ak 53 1312 ¥ 28 1321 wE IS (H# 16)
1302 AT 4400 = 1313 ik 22 1323 B3
1303 KA 54 B 1314 59 1324 i 36
1304 A 42 = 1315 hEE(GE S ) 1325 4 K5 626
1305 A 47 5 1316 Y 72 1326 i # 13
1306 K 52 & 1317 #5196 1327 FHAKET
1308 g R E T 1318 W 4= 1328 ®E 12
1309 rh % 31 1319 I & 10 1330 K 3 5
1311 ik 42 1320 #H 14
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I T 2013 4EAE AL b Al K2 Al 1) 8 77 il
DA S Ao i 06 i A7 o B0 e 4R B = 4 0% |
11, H AR AR LA MR O - pH fH 4. 6 (OK3R) , A HL T
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Tab.2 Average of maturity stage characters of soybean varieties at two molybdenum levels

/\Ji ! \\ A E gf" A EL A EL % A EL A EL i

g gy PTURELOWRRORCRALCWRIR SRR s owew owor oweer Y
Cultivar Mo levels ¥E g8 7 s & vt Stalk/Root Lea/Stalk Pod/Leaf Seed/Pod . !

Shoot Mo content Seed Mo content Pod Mo content  Leaf Mo content Stalk Mo content Root Mo content Shoot/Root

1301 gt 0.490 1.155 0.040 0.117 0.081 0.141 0.578 1.438 0.348 28.300 3.467
e 1.649 3.734 0.199 0.227 0.145 0.243 .59 1.569 0.873 18.762 8.226

1302 gt 0.451 0.939 0.077 0.134 0.079 0.079 1.006 1.681 0.577 12.125 5.688
A 1.003 2313 0.243 0.240 0.122 0.234 (.54 1.954 1.014 9.743 4.275

1303 gl 0.199 0.553 0.164 0.091 0.104 0.181 0.578 0.871 1.802 3.363 1.100
H 0.943 2235 0.184 0.207 0. 144 0.365 0.395 1.441 0.886 12.136 2.58

1304 il 0.139 0.321 0.050 0.080 0.042 0.085 .504 1.875 0.625 6.397 1.629
i 0.710 1.951 0.110 0.248 0.125 0.228 0.551 1.975 0,446 17.601 3.108

1305 (i 0.177 0.344 0.023 0.135 0.092 0.074 1.237 1.463 0.169 15.071 2.360
EH 0.886 1.834 0.155 0.178 0.165 0.243 0.680 1.074 0.873 11.787 3.629

1306 il 0.120 0.178 0.022 0.072 0.097 0.075 1.283 0.745 0.310 7.981 1.589
Al 0.766 1.746 0.204 0.251 0.120 0.219 0.550 2.081 0.812 8.558 3.491

1308 g 0.319 0.595 0.057 0.168 0.044 0.096 0.463 3,780 0.342 10.328 3.320
aa 0.694 1.798 (.02 0.117 0.142 0.190 0.749 0.825 0.702 20,732 3.640

1309 i 0.160 0.325 0.065 0.121 0.028 0.052 (. 546 4,47 0.543 4,936 3.056
A 0.823 1.748 0.105 0.149 0.263 0.233 1.128 (. 566 0.709 16.534 3.50

13011 gl 0.161 0.312 0.056 0.064 0.034 0.136 0.253 1. 866 0.876 6.614 1.179
EH 0.778 1.857 0.112 0.099 0.126 0.208 0.607 0.787 1.132 16.458 3.

13012 it 0.121 0.220 0.072 0.100 0.049 0.195 0.255 2.008 0.723 3.050 0.620
=L 0.891 211 0.129 0.113 0.148 0.186 0.797 0.763 1.145 16.296 4,788

13013 4 0.161 0.343 0.075 0.067 0.036 0.105 0.350 1.839 1.117 4.538 1.534
et 0.963 2,492 0.210 0.193 0.179 0.288 0.624 1.077 1.086 11.853 3.341

13014 i 0.209 0.421 0.108 0.086 0.075 0.179 0.421 1.142 1.259 3.886 1.166
=1 0.732 2208 0.171 0.137 0.594 0.254 2.330 (.23 1.248 12.967 2871

13015 gl 0.224 0.512 0.028 0.098 0.080 0.082 0.974 1.226 0.293 17.688 2.706
EH 0.961 2.151 0.224 0.135 0.227 0.263 0.858 0.595 1.654 9.591 3.618

13016 it 0.333 0.673 0.103 0.111 0.077 0.117 0.661 1.47 0.929 6.529 2.832
A 0.896 2.058 0.242 0.121 0.230 0.299 0.770 0.527 1.995 8.494 2.990

13017 (1§ 0.246 0.58 0.068 0.142 0.156 0.085 1.836 0.909 0.483 8,460 2.873
L 1.041 223 0.158 0.260 0.569 0.247 2.303 0.458 0.607 14,099 4,209

13018 (4 0.156 .456 (.042 0.103 0.061 0.088 0.690 1.692 0.412 10.700 1.754
=L 1.308 3.538 0.103 0.145 0.302 0.283 1.066 (.48 0.712 34,148 4.615

13019 g 0.192 0.404 (.046 0.09 0.092 0.071 1.294 1.080 0.463 8.786 2.702
B 1.244 3,100 0.242 0.229 0.202 0.265 0.764 1.133 1.055 12.787 4.689

13020 gl 0.116 0.472 0.045 0.090 0.057 0.103 0.552 1.584 0.499 10.421 1.115
ok 0.974 2.587 0.211 0.123 0.123 0.191 0.643 1.005 1.707 12.236 5.081

13021 k4 0.177 0.427 0.078 0.086 0.035 0.085 0.418 2.429 0.910 5.445 2.085
A 0.930 2.597 0.195 0.182 0.336 0.306 1.099 0.541 1.074 13.255 3.035

13023 i 0.199 0.472 0.065 0.142 0.050 0.081 0.612 2.841 0.461 7.201 2.49
e 1.156 2.679 0.160 0.239 0.412 0.275 1.497 0.581 0.669 16.689 4,191

13024 i 0.181 0.392 0.049 0.086 0.070 0.139 0.505 1.220 0.578 7.878 1.291
Al 1.314 3,166 0.197 0.264 0.300 0.295 1.016 0.880 0.746 16.048 4.439

13025 gl 0.292 0.601 0.044 0.112 0.076 0.061 1.234 1.478 0.392 13.619 4.089
mH 1.024 2.270 0.150 0.173 0.345 0.194 1.713 0.502 0.869 15.095 5.261

13026 4 0.213 0.450 0.021 0.137 0.100 0.078 1.2718 1.378 0.154 21.260 2.716
B 1.093 2.401 0.133 0.172 0.34 0.275 1.175 0.531 0.776 17.982 3.961

13027 (i 0.287 .563 (.062 0.212 0.078 0.087 0.902 271 0.293 9.056 3.294
B 0.815 2.042 0.173 0.122 0.228 0.208 1.097 0.534 1.420 11.762 3.905

13028 il 0.491 1.007 (.06 0.163 0.271 0.133 2.036 0.602 0.401 15.380 3.680
B 0.987 2.314 0.185 0.155 0.380 0.226 1.685 0.409 1.190 12.470 4.368

13030 i 1.139 2.579 0.088 0.156 0.226 0.118 1.916 0.690 0.570 29.001 9.651
A 1.59% 5,582 0. 464 0.200 (.55 0.452 1.227 0.361 2.315 12.04 3.5
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Tab.3 Total variance explained

W R AEAE T 25/ % $2 BT 7 B ATy 25/ %
o The per.cer.ltage of the in?lial . Extraction of sum of squa.res
characteristic value of variance in the percentage of the variance
Component
231 Total 2 fﬂ/%. &t 2 ﬂl/%.
Accumulation Total Accumulation

1 5.979 45.995 45.995 5.979 45.995 45.995
2 2.860 22.002 67.997 2.860 22.002 67.997
3 1.609 12.378 80.375 1.609 12.378 80.375
4 1.273 9.790 90. 165
5 0.605 4.650 94.815
6 0.351 2.697 97.512
7 0.159 1.224 98.736
8 0.094 0.722 99.458
9 0.038 0.296 99.754
10 0.015 0.116 99.870
11 0.009 0.072 99.941
12 0.006 0.048 99.989
13 0.001 0.011 100. 000

i B, a3 B 4R 3 A FE Ay,
MF 4 (08 D7 28 B ) H T i AR
FERLAH & SR AR & R AT A R A )
kPRI R R0 T A1) b AT R R R R
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] ST RS R AAE T 2 b 3B H s e, B
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oy 3 BAE B BRI, AT LA AT 3 A4S 32 000 B e 427
AR bR AE B, AT RUAT 3 A48 BEACEE 13 AR B A7)
Bro B R F R AR 3 A o T Y #ofr R
ANEEAT o3 A st B ERAR R OFFRLAH B ZEAT A
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Tab.4 Component Matrix

43 Component

1 2 3
b |- #B4H 7 H Shoot Mo concentration 0.915 0.268 0.079
¥4 & i Seed Mo concentration 0.900 0.298 0.045
o J24H % 1 Pod Mo concentration -0.026 0.851 0.450
%0 & 1 Leaf Mo concentration 0.627 -0.330 0.530
Z£ #7445 & Stalk Mo concentration 0.825 0.194 -0.161
#4045 & Root Mo concentration -0.111 0.3808 -0.039
MR 18] Z2FF 1 F% R 8L Root to stem migration coefficient 0.797 -0.200 -0.212
ZEFF ) 0} 4T 2 &R 8L Stalk to leaf migration coefficient -0.345 -0.391 0.717
M- i) & I 37 7 2 X Leaf to pod migration coefficient -0.360 0.873 0.187
. JE 1) F BT 2 22 81 Pod to seed migration coefficient 0.788 -0.191 -0.322
Hi R 5 1A M b IE 2 R X Root to shoot migration coefficient 0.904 -0.020 0.165
Ho F 58T 4 i B Shoot weight 0.192 -0.358 0.575
Hi F R 4H 214 Shoot Mo accumulation 0.942 0.235 0.184
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Tab.5 The values of three comprehensive components and sequencing
i o i 5 % —EM 4 Fl Herp 5 T Y F2 HEre 5 = sy F3 HEre
Cultivar First principal component Rank  Second principal component  Rank Third principal component Rank
1301 1.768 4 0.311 11 -1.509 24
1302 1.793 0.073 12 0.710 5
1303 -1.588 20 4.933 1 0.694 6
1304 -1.909 22 -0.392 13 -0.485 18
1305 0.342 9 -2.108 26 -0.774 20
1306 -0.991 16 -1.195 19 -2.364 26
1308 0.050 11 -1.513 22 2.580 3
1309 —-1.439 18 -1.830 24 2.670 1
13011 -2.200 24 0.641 7 0.113 11
13012 -2.585 26 1.438 5 0.081 12
13013 -2.360 25 1.114 6 -0.010 14
13014 -1.809 21 2.984 2 0.222 9
13015 0.300 10 -1.326 20 -1.237 22
13016 -0.232 12 1.590 4 0. 646 7
13017 1.659 5 -0.731 16 0.524 8
13018 -0.812 14 -0.994 18 -0.305 17
13019 -0.326 13 -0.588 15 -1.674 25
13020 -1.283 17 -0.490 14 -0.556 19
13021 -2.009 23 0.547 9 0.159 10
13023 -0.963 15 -0.788 17 0.743 4
13024 -1.565 19 0.636 8 —-1.440 23
13025 0.882 8 -1.390 21 -0.117 15
13026 0.983 7 -2.018 25 -1.214 21
13027 1.048 6 -1.761 23 2.666 2
13028 4.371 2 0.457 10 -0.124 16
13030 8.875 1 2.398 3 0.002 13
2.3 BELSWH 0 5 10 15 2 2%
NI N N N 13011 9
F T 32 18053 4 W 45 R AT R 2K o b, T840 Hr 13021 191
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Fig.1 Clustering results of soybean varieties

by using the factor scores
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