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Evaluation of functional properties of soybean using DNA microarray
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Abstract

The effect of dietary whole soybeans on rats was analyzed in the level of gene expression using DNA microarray. As
soybean content increased in diet, lipid levels in serum and liver were generally lowered. To remove unwanted variation in
mRNA expression signals to enable a compatible comparison across different experiments, the DNA microarray data was
normalized in accordance with three-parameter log-normal distribution. DNA microarray analyses elucidated that hepatic
transcriptome was globally altered depending on the amount of soybean in diets. Among various biological functions, soybean
was found to specifically affect transcriptomes involved in lipid/fatty acid biosynthesis in liver. mRNA expressions of these
lipogenic genes were lowered with increased amount of soybean in diet. By comparing DNA microarray data across multiple
experiments, it was revealed the comprehensive functionality of soybean was correlated with that of freeze-dried tofu. Thus,
DNA microarray provides powerful information for understanding the food functionality when those gene expression data is

handled properly.
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x1. REMEK
Ingredients (g/kg diet) Soy0 Soyl2.5 Soy25 Soy50
Casein' 200 150 100 0
Soy powder” 0 125 250 500
Cornstarch 150 150 150 150
Sucrose 449.5 402.5 355.4 261.3
Palm oil 100 75 50 0
Cellulose 50 47 44 38
Mineral mix® 35 35 35 35
Vitamin mix" 10 10 10 10
L-Cystine 3 3 3 3
Chorine bitartrate 2.5 2.5 25 2.5

Soy0, K370 % £I; Soy12.5, KF.12.5 % £ ; Soy25, K .25 % £I; Soy50, K50 % £X.

YA Y, ek (HDGHIEE (BR))
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SAIN-93E ¥ I ViRA (X TV ¥ VIR (FR)
TAIN-93G I AT VRE (XU TV ZVEERTE (R)

Z L%, PHRIRE G AEREEIC LY, 2
LAFO— VikEIZalL AT 0 — L+ 33 ¥ —¥a i
W2 B X D lE LY.

4, DNAYA 707 LA IC& B EGEFRBREDAE

FWPOHEERNEHHTH -5 AKTO%
BIRL, BB Y T O -BRNAZFHR L L
T, 3 IVT Express Kit (Affymetrix (£%)) 12X b €%
F U TNV R ER L. 1TV T O
Affymetrix #1: 3 Rat Genome 230_2.07 L 1 & ;U &,
MECRIAL 2Bz TOREZNE L. =
DEF—=FZEAIALTA - N F Ty 7 (BR) O
SuperNORM H—E X & FJF LT, 3787 X —7 5
EBSAETNEM 57285 2 M) v 72X D E
#ALL, BHEZ A2 T7IEHR LY. Affymetrix ¥
DDNA~YA 7 a7 L4 OYd, 1#8ETORIAREN
ENTD XD perfect match (PM) & XN 557 5
T — TR EHFOARY vEALTBY, H—i&
EFTHo THRINI X VEEICENEL S, £2
T, BfHHOBRTFREBREOEIT, PMOKEL R
BB OIS & B R E ST TR L2 K
B EEF RV Soy0fif & KE %2 & el BRI 0z A
a7 D (Az) 020 ET, EHRFEOS5%LLT (p<
0.005) D#InF %, KUHIUZ X ) FEHEIHEICE
EL7zE W L7z, SOLRMICE ) BIKS NEET
iZ, DNAYA 2707 LA RICHEET 53104209 5
9 084fHTd - 7.
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WradhtLrz. FRGHIICEY, ZRILT— 5 03F
O ETE LT EE DT, ShviocBiciEd L
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FETDOF =IOV T, FHOFEIYMHEDOITH]H 5
W omMEFM L, &% I Va2 FICERT A
LT, U TNVEBETOERGERDI.

(2) KEBIN OB % ) 7 LW F R OH#R

RKEUEM OB % 20T 5 LW ENRRE O R 2 2
A 5720, BKSNI-EB/ETITOWT, Affymetrix
o7 — & X— 2 (http://www.affymetrix.com/support/
technical/byproduct.affx?product=rat230-20) T i {x T %
EREL, SBETVETLEWEE I TSN
T 5 AWEEH%HE % Gene Ontology Biological Process
7 — % X—Z (http:/rgd.mew.edu/) THRELZ. Ih
OGS, BRI N-BEFRHOPICE CIHBIL
FBEREMER — T — PR CHESMAIC I D HE LY. o
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(3) D FERR & @ ik

BEMTHAIREE, ThE2MLLAKREREN (3
DG ORREYEE LT 5 720, REFFED DNA T
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AT O 7 — & & PT W E b, W U8
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DNA~ A 7 a7 L A fEFr DAoL six, v o
k¥ = 7 SPSS 13.0J for Windows (HAIBM (¥k)) %
vy, FEBRE R T £ R A (SD) TR L7,
—JCHLIE S BT D%, Tukey-Kramer 045 8 JLEAR 2
(p<0.05) CTHEM %72,
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FigERIE, K2R wafietxss, KRG
#12.5% D L& AT, FRIGMALE S X Soy50HE
THEBEIZWA Lz, FRC, ETolRZERE D K9
HETERNEZRL, Soy0ft e d#Eid, BalL A5 —
VIR TIEIRE 225 % L EECEENET, V) VIRE
13 Soy50%E T, EHENRILERIREE 1 Soy12.5 & Soyb0hE T
AETHo7z. T, HWROPHRREIRYZ
125% U EECREMBETHEIKS o7z, 20T E
6, KUY VX7 BEORBGTRENTWD &
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HHER S 7.
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Shiz. B1ERGOFGRIITT%THLI LMD,
BffhoRToORE, #BETRERBEOZILEHIT S
KERBERTH LI D b05b. MBI EIEST
T2 LEZONLETORIRNRIRDE 2 F 5 1 HE
HENDL., IRSOFBRMATHY, I VofL
EOIRXOLDETRINLMEAMEL DIZZNITKREN
LD o7 (K1),

T/, B 1 ERTOMEPIKE Do BIETIE, W
NHKREHEPUS X - THRHAREWTH SN 2E8EZTFT
Hotz. INSOBETH S, RIIEL X ORES

x2. REVYOXEEFEN Zv FOHKE - RBEES LVME - FRIEERE

ICRIFTHE
Soy0 Soyl2.5 Soy25 Soy50

Final body weight (g) 3259 336 = 19 328 = 24 331 =19
Body weight gain (g/day) 8.56 £ 0.59 9.11 £ 0.98 8.72 £ 1.15 8.86 = 0.79
Food consumption (g/day) 21.2 0.7 213 + 1.3 21.0 =15 208 1.1
Liver (/100 g BW) 4.97+0.46° 4.39 = 0.42° 441 = 0.24° 418 = 0.26"
Adipose tissue weight (g/100 g body weight)

Epididymal 116 = 0.18" 113 £ 0.22° 1.01 = 0.19"  0.837 = 0.091°

Perirenal 173 = 0.22° 179 = 027 173 = 0.39 1.14 = 0.29"
Serum lipids (mmol/L)

Triacylglycerol 214 = 0.32 1.72 = 0.51 1.99 + 0.29 1.68 £+ 0.50

Total cholesterol 1.94 + 0.16° 1.85 +0.31™ 156 = 0.24™  1.39 = 0.38"

HDL-Cholesterol 1.26 = 041 1.37 = 029 1.16 = 0.30°  0.859 * 0.334*

Phospholipid 241 + 0.14° 209 + 0.19° 200 £ 023" 157 + 0.20"

Free fatty acid
Liver lipids (umol/g)
Triacylglycerol

0.974 + 0.264°

25.7 + 11.5°

0.614 = 0.163"

125 + 6.2°

0.722 + 0.166™

134 + 3.3"

0.615 = 0.176"

144 £ 7.2°

EIEPI9ME = SDTRT (KTET-8IL) . KT Da-cDFIRIF, R LFe N LR THEAEDNH S 2

LERT (p<0.05).
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SoyO#f & eXTSoyl2.5, Soy25, F 721k SoyS0ff TOFHEN A RICH L A TFE2EIKL, ThOBETETORIEE
(LB biplot TFE L7 (FBESIL) . HHORTIEET > 7V OBL%EFET 1 0, Soy0; 1, Soy12.5; 2, Soy25; 3, Soy50. &
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ProbesetlD Soy125 Soy25  Soy50 %ﬁm Gene Title
1380013_at patatin-like phospholipase domain containing 3
1380643_at patatin-like phospholipase domain containing 3
1394401_at ELOVL family member 6, elongation of long chain fatty acids
1367707_at fatty acid synthase
1367708_a_at fatty acid synthase
1388108_at ELOVL family member 6, elongation of long chain fatty acids
1368562_at sulfotransferase family 4A, member 1
1370893_at acetyl-coenzyme A carboxylase alpha
1370281_at fatty acid binding protein 5, epidermal
1367854 _at ATP citrate lyase
1369195_at fatty acid binding protein 2, intestinal
1367894 _at insulin induced gene 1
1370355_at stearoyl-Coenzyme A desaturase 1
1368453 _at fatty acid desaturase 2
1375944 _at -0.22 -0.30 -0.40 Acss2 acyl-CoA synthetase short-chain family member 2
-
-1 0 1

Expression level

2. XEFZ v MNFROBEESREEEEFORRICRIFTHE

JREERDOF—T7— N 35, H1ERGO LVIGEEETOEHAREL/RT. B, Az [(Soy0) — (Soyl2.5, Soy25F
721X Soyb0)] THK L7z (£HESIL).

Tofu

Soy Powder = 0.414*Tofu
r=0.378

T T 1 1 1 1

-1.5 -1.0 -0.5 0.0 0.5 1.0
Soy Powder
3. XKEERWEBHZ v MNFROEGFRERESMICRIETZEDLE (18E9)

Xilillix, AR TOREEROBEL LB L7 —% (Soy0— Soy50) . Yi#liZ, Jefiiize” CToih WgiEI o HE % ik
L7z7—% [C (BEAL ) —T20 (Y GIFHE ST V827 H20% )] &L, MFET2HOENHFETH S EHE X
Wiz s 7ay L7,
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X3, F1EXPTHEREICHEAEREI S > LEYFORET—T—F

PC1-Positive

Total Frequency

Category of Gene Ontology Biological Process contents selected p -value
metabolic process 2384 40 5.62x107°
biosynthetic process 1364 30 1.67x10°°
lipid metabolic process 309 18 141x107"*
lipid biosynthetic process 160 17 477x10°"
fatty acid biosynthetic process 87 12 5.20x107"
response to organic cyclic substance 321 12 9.38x10°7
response to drug 588 11 1.16x10°*
oxidation reduction 610 10 4.86%x10°°
cellular response to insulin stimulus 103 9 2.18x10°°
response to insulin stimulus 180 9 221%x10°°
response to glucose stimulus 139 8 2.96x10°°
response to nutrient 250 8 1.82x10°"
response to cCAMP 108 7 5.81x10°°
fatty acid metabolic process 125 7 1.48x107°
carbohydrate metabolic process 216 7 427x107"
acetyl-CoA metabolic process 10 6 6.62x10°"
triglyceride biosynthetic process 23 6 9.16x107°
steroid metabolic process 89 5 2.52%10°"
response to retinoic acid 109 5 6.25x107"
PC1-Negative
Category of Gene Ontology Biological Process Total Frequency p -value
contents selected
metabolic process 2384 34 3.79%10°°
oxidation reduction 610 18 5.88x10°°
transmembrane transport 687 12 1.25x10°*
response to nutrient 250 8 1.82x107"
response to glucocorticoid stimulus 195 6 1.43%10°°
anion transport 41 5 6.58%10°°

KBESIEODNAYA 707 LA F—FHhb,

P72,

DNA~YA7u7 LA, #EFERHALNLVT
7 v MIBUT L KRUOKRRMEZ T L7z, BfirhoX
TORMEZ S E LD, IMIEB X OO N s
FERMICIET L. DNAYA 2707 LA THLN
7o, BIZTRBY 7 FINVICEENDIARER ) 4 Xk
&, B2 EBRETHEFRIZLOIKATE S X
AN, 3235 A=W EIER G- TF— 5 Z S
#ALL72. DNAYA 707 LA BIICE - T, &
DrNF A7) T F—241%, BEPTORTOREIZIIGL
TERERIIIENT 5 2 LB s e oLy
WHEED 5 B, KZIZIFECTONRE - TRIEE &I
bAHNT VAT )T M= LIRRRNSERE L. 2h
5 DOIRE AR EIE T O mRNAJSH 13, AR

EETEAS MU Lo H 7T — (F—T—F)

OBV T Lz, #HE O FEBRM TDNA Y A
7uT VAT KT AHILICLD, KUOKRE
RO BERETE I, B0 EE OBt S D 5 2 &8
Ao hoZz, TOLHIZ, DNARA 7 a7 LA
AT X, BIETRBET— 7 298Il fbh b b
X, EMOBREMLEZIFT 572003505 5
L5 TIENTES.
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