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Correlation Analysis Between Metabolites in Vegetable Soybean Seeds

ZHANG Yu-mei, HU Run-fang, CHEN Yu-hua, LIN Guo-qiang
( Crop Science Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China)

Abstract: The edible quality of vegetable soybean is significantly associated with the amount and type of metabolite. In order
to study the correlation between metabolites of vegetable soybean, correlation analysis of metabolite in new vegetable soybean
variety of Mindou 6 was investigated with GC-MS technique. The results showed that a total of 102 metabolities were identified
from vegetable soybean seeds, including 36 organic acids, 21 amino acids, 11 polyol, 9 sugars, 7 phosphoric acids, 5 a-
mines, 4 fatty acids, 4 nucleotides, and 5 other kinds. Among these nine categories, amino acids were negatively correlated
with organic acids, sugars and others, and positively correlated with polyol, phosphoric acid, amine, nucleotide and fatty
acids at a 95% or 99% confidence level. The correlation between sucrose and glucose, fructose were significant or extremely
significant positive. Among 21 amino acids, except negative correlation of methionine and cysteine, pyroglutamic acid and me-
thionine, pyroglutamic acid and glutamic acid, correlation between the others were positive. The correlation between two sul-
fur-containing amino acids ( methionine and cysteine) as well as pyroglutamic acid and the other 20 amino acid were weak. A-
mong 6 phenolic acids, benzoic acid and others were not significantly correlated, ferulic acid and gallic acid, quinic acid and
shikimic acid were extremely significant negative correlation, ferulic acid and sinapic acid showed significant positive correla-
tion, gallic acid and quinic acid showed highly significant positive correlation, quinic acid and shikimic acid was extremely

significant positive correlation. The results could provide basis for vegetable soybean quality improvement.
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Table 1 Correlation analysis of nine categories metabolites
P A G TR i
Ry R Ay pogm TOEBER O pm e
Metabolite Amimo Orgenic Sugar Polyol Fatty Phosphoric Amine Nucleotides Others
acid acid acid acid
AR Amimo acid 1. 000
A HLEZ Organic acid -0.502* 1. 000
H Sugar -0.202 0.234 1. 000
% J0HE Polyol 0.679** -0.169 -0.304 1. 000
NEIFTR Fatty acid 0.509 * 0.283 0.118 0. 356 1. 000
W2 Phosphoric acid 0.637** -0.475" -0.271 0.748 " " 0. 186 1. 000
i Amine 0.870** -0.178 -0.029 0.616"*  0.600""  0.496" 1. 000
AR Nucleotides 0.607** -0.676"" -0.530"" 0.558* " 0. 038 0.686" " 0.358 1. 000
HAlh Others -0.520" 0.767" " 0.592"* -0.474" 0. 135 -0.545*" -0.174 -0.851"" 1. 000

T 1% ARFE RERE;  :5% KA REME, A

** . There was significant difference at 0. 01 level; * There was significant difference at 0. 05 level, the same as below.
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Table 2 Correlation analysis of sugar metabolites

T
R D bm H SR LT4ET AN SRWE ke A R TN 23 RERE
Metabolite 1-Methyl beta-D- Cellobiose ~ Fructose ~Glucopyranose Glucose  Isomaltose ~ Melibiose Ribose  Sucrose
mannopyranoside
1 - 3 - g - D nmg H Z2 0 1. 000
1-Methyl beta-D-mannopyranoside
274k — Bt Cellobiose -0. 141 1. 000
SR Fructose 0.091 0. 083 1. 000
NI #5249 Glucopyranose -0.291 0. 382 0. 130 1. 000
HZIHE Glucose -0.195 0.255 0.905* " 0.219 1. 000
S+ 72 ZEH# Tsomaltose -0.379 0. 402 0. 341 -0.126 0.584** 1.000
% W Melibiose -0.379 0. 402 0. 341 -0.126 0.584** 1.000** 1.000
F%BE Ribose -0.215 0. 300 0.545* " 0.033 0.581** 0.361 0.361 1. 000
JEHE Sucrose -0.052 0.303 0.481" 0. 130 0.579** 0.275 0.275 0.082 1. 000
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1 I O S TR OGS R A R 5
FIPRER S y - BT MR R 3 EASC 5 LR |
FUIR U M R SRR N R BR A R 2 IE
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Table 4 Correlation analysis of phenolic acids metabolites and organic acids metabolites

EHR

Quinic acid

R
Shikimic acid

FFm

Sinapinic acid

AR

Benzoic acid

R B B R BETR
Metabolite Ferulic acid Gallic acid
W A1 1% 2 ,3-Dihydroxybutanedioic acid -0.655" " 0.322
2 - FH:C Z R 2-Aminoadipic acid -0.090 0.184
2 - BRI R 2-Hydroxyglutaric acid 0. 181 -0.145
il 73 — 12 PR 2-Ketogluconic acid -0.296 0.526"
2 - IPFEBEIAIR
0. 194 0. 361
2-Methyl-Butanedioic acid
3 — WA TR ARG R
0.934** -0.725* "
3-Deoxy-Arabino-Hexaric acid
4 - #7I -3 - FRIRHR ;
0.961" " -0.496 "
4-Hydroxy-3-Methoxybenzoic acid
v - ¥ TR 4-Hydroxy-Butyric acid -0.274 0.227
3% Aconitic acid 0.897 ** -0.644 "
K HTR Benzoic acid -0. 060 0.410
FrEERR Citric acid 0.757* " -0.219
[ ZRFR Ferulic acid 1. 000 -0.659 " "
J2 T 45 — 8 Fumaric acid -0.655" " 0.323
KZBERR Galactonic acid 0.328 -0.231
T2 Gallic acid -0.659 * * 1. 000
%8 8 Glucaric acid 0.879 * * —-0.645**
2% BETR Gluconic acid 0.629 " * -0.605"*
H MR Glyceric acid -0. 066 -0.034
LR Glycolic acid —-0.544" " 0. 606 * *

0.422° 0.925** 0. 069 0.294
-0.239 0.010 -0.187 0. 337
-0.303 0. 144 0. 107 0.392

0.374 -0.009 0.013 -0.001
-0.049 -0.420" —-0.085 0.411
-0.463" -0.642" " 0.369 -0.206
-0.447" -0.667 " 0.367 0.079

0. 307 0.548 " * -0.122 0.572**
-0.389 -0.685" " 0.350 -0.255

0.283 0. 186 -0.182 1. 000
-0.395 -0.906 " * 0. 065 -0.016
-0.524"" -0.649" " 0.430 " -0. 060

0.428 " 0.855" " -0.128 0.398

0.074 -0.280 0. 190 -0.360

0.521** 0.249 -0.278 0.410
-0.329 -0.568 " * 0.298 -0.161
-0.014 -0.184 -0.091 0. 126

0.315 0. 400 -0.350 0. 401

0.580 " " 0.399 -0.466 " 0.489 "
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% 4
R BB B TR EEMR FERIR IFTR HHR
Metabolite Ferulic acid Gallic acid Quinic acid Shikimic acid  Sinapinic acid Benzoic acid

A HEMR Ttaconic acid
FLEZ Lactic acid
5 T4 B2 Maleic acid
SESLER Malic acid
P 1% Malonic acid
P AT BERR Methylcitric acid
AR Nicotinic acid
R Oxalic acid
IR Pyruvic acid
% JE 2 Quinic acid
A% MR Ribonic acid
FEEifR Shikimic acid
J¥ % Sinapinic acid
R PEFEH R Suberyl glycine
BEFR Succinic acid
ZEfMR Tetronic acid

F3BlTR Threonic acid

0.302 -0.125 -0.246 —-0.448" 0. 137 -0.059
-0.108 0. 102 0.320 0. 403 -0. 165 0.429"
-0.105 0.329 0. 061 0.027 -0.107 0.255
-0.657*" 0.494 " 0.434 " 0.836" " -0.078 0.468 "
-0.578* " 0.375 0.462 " 0.833" " 0.017 0.452"

0. 446 " -0.372 -0.499 " -0.017 0.624* " —-0.096

0.678" " -0.483" -0.108 -0.482" 0.017 -0.014
-0.552*" 0.695" " 0.261 0.128 -0.123 -0.076
-0.307 0. 206 0.271 0.632"" 0.312 0.392
-0.524"~ 0.521** 1. 000 0.543* " -0.229 0.283

0.830" " -0.645" " -0.313 -0.327 0.654" " -0.186
-0.649" " 0. 249 0.543 " 1. 000 0.010 0. 186

0.430" -0.278 -0.229 0.010 1. 000 -0.182
-0.849" " 0.577** 0.422° 0.719** -0.245 0. 142
-0.684"" 0.672** 0.633" " 0.733** 0. 026 0.489 "
-0.782* " 0.471"° 0.501 " 0.883" " -0.117 0.236
-0.484" 0. 162 0.348 0.759 " 0.076 0.211

2.5.2 BmEERMHMXESA PR EE T  RMIFERERENR D E ARG, 5T IR E B IEA
MR 6 i By R AU AH SR 2 AT R W], R IR 5 L E S
FRETRAR G A B2 P BLIR 5 & TR & e
x5 BEBERGWEIESH

Table 5 Correlation analysis of phenolic acids metabolites

KBTS ERRER B ZFIEMKE ZERY
FEHIREN R FIEMHI(ERS) .

R
Shikimic acid

TR

Sinapinic acid

EEMR

Quinic acid

HH R

Benzoic acid

R (g2 BT
Metabolite Ferulic acid Gallic acid
FrZR /R Ferulic acid 1. 000
HETBR Gallic acid -0.659" " 1. 000
%5 JE R Quinic acid -0.524** 0.521**
FEELHZ Shikimic acid -0.649* " 0.249
¥ M Sinapinic acid 0.430" ~0.278
R Benzoic acid —-0.060 0.410

1. 000
0.543 " 1. 000
-0.229 0.010 1. 000
0.283 0. 186 -0.182 1. 000

3 Fit5itie

XS R G ) 156 5 RAT J I AN [ o i) s e
KiifEAT GC-MS K, 3L 5E 3] 9 26 102 Fh A,
HA AR iR 2 36 F, HUKCH 2251 21 Ff
ZOURE 11 B BEIE O B, WL 7 A, B S Fh I G
PR RS 4 T, LKL B S Mo XIX 9 2
AR E] (AR A0 B 26 T S IR AT ) S5 A HL
M i 2 DA O (- 0.5027 ), S5 ik 42 G 5 HLAH G

YA ( -0.202) , % HIRSAHLK( -0.676" ")
FIRE( =0.5307 ") SEH I 28 SR O M 2Ol
TR AHSEE A B35, X 46 n] 8 55 A W A PN R
AR Cl ST ) A EL AR AR L 1 29 5%, An ] B39
P (14 56 25t 2 g R W BRI 7 A G A
FOU RIS Y AR U R AR X 55
P38 P e RO A U] A ) R DR R 22 5 (R B
JI B LE B B AT RE SR 55 06 W8 2 TR RFARL A
AR, DR 258 O 1 2N SRR
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T N RN 5 R G R A AR K BT 2

WA 4 % 3 FH K £ bR i J5 1) o ik
FETRITA . F5 2 B R0 | 4 0 R SR M 2 5
R A T R, L R B R
F TR X 2% FH K IR 1) TR Rk 719% T, 9
T S A 18 90 G 0 M 2 BH R0 5 4 265 A0 D R
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