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Evaluation of functional properties of soybean using DNA microarray

Yoko TAKAHASHI* ¥ and Tomokazu KONISHI * *

* National Food Research Institute, National Agriculture and Food Research Organization,
2-1-12 Kannondai, Tsukuba, Ibaraki 305-8642, Japan
** Department of Bioresource Sciences, Akita Prefectural University, Shimosinjyo Nakano, Akita 010-0195, Japan

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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KEZMMoOGEHE LR, 7878030, +)
THE, EWMME AV 7T Ry, I AT VHEORE
FENEETHLY. KUY 7B, 1999412 K E
FDA TUOMILEHR D) A7 KT EEEANVAT L —
APRBEENTEHIZY, BEEoOe M AREBT, 1L
FLDL I L AT 10— )V 2K 3¢ 2 /EH s S
Tx7-Y., KUBMEY v 28R FciE s, &
FaFIRIIEE R ki, Y& IV - 32T VHENIELL
EENL—T), BRI RN D, IR
RN A, FAEMEE SHRESICNLTERTH S
LEZLNTWDY. T, SHEOBRELER S E
Fhaamci, ot MEEHO X 512, —>
DOFEREVER 73720 CTRIAFFCE WA E2E U 2k
WL STHEET LY. 2R 2hrboT, K
HERED - EMOEIEMEIZE T, IS OfF e
LZD XK =X LRI O Shp 2 Eatid e
AETHY, RKEZDbDODREIEHZ2RTF— 41X
PV OPBIRTH 5.

CDEHNZ, REDT 725 =%, EDXH %
RRATR E N2 R % K O R B & RIT S %
Wik, &7 AN VA2 )T =LA LT
%°. DNAYA 707 LA, $EFEICEoTE
U7-BBeE DEH A H = A A @I Ta 774
YL, BETRBELAVCHET S 2 LM ETH
5. F7, BABRAREN TORMKSIHNT B/ E
BINBEDE OB TE L7720, —RNGA7 ) —=
YAV HNG. T, ZOFEMIZESOREREN:
T OB CTIRKFIHEINSL X)X o TEN, &
) LADIERIIB R TH D720, F— 5 OIFNIERMH
U r = AN WE ) THDH. FHZ, "M+
YT HFRT AT ARHAHEN DMK T Thwv &,
MREEDOHEVBHVE I T =7 2R LA bIC%
D, DVWTETF—F7OUEICR ) kv, ZoOME
RIS 5720, BAx <4707 LA F— % Ol
LB RN IRREIN TV B, RENLRFTEEFE
PRENTWEWY,

FHOIE, TNFTICHEL TEL KMz ik
WCLTHEV Lz~ A 2 a7 LA 57— % otk z i
W RS ETA T AL ) T P A DRER
HREMICERTE 5 ZOREHIEORREEZ AN L7,
B OBREYE 2 RT3 2 Tk R % L7z, BATHIZE T
&, CORBECL YY) GO AT Lz

%, Y G oMiE R ERERRIER I, SEho s
VOST RGNS, IR CONRE - 2V AT u— VA
HEBIETHIL NV THHIT 2 720I2E L5 2 EH
Honk o2y ABFETIE, KEZ0H 0O
HEZDNA~YA 707 LA MATICE )i L7, M=
TRV NV TOEICDEREGED? S, REOREE %
U B AR OdFE, S S IO KE A OR
REME & IS 5 2 & T, KEZ20H 00§ 5N
DFF 2 R L 72,
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1. ARAXE
BERRMWERE Ry (FMBEET 728 7)) (d76)28 3
B bR XDEEAL. HRADLICRDZVRFTT
F—¥l, HLHEWETHL M) T M el
¥ —%, BRRUORETREMTICE D IGGS D
DTHAH. KEHI00 g hDORFERGFIZLLTOMEY T
Hotz; TANVF—=1792k), K453100g, % 37 Y
40.0g, FNEE20.0g, RAKALW245g, EWHHMELLE g,
JK535.5 g (EIEFIT X 2 5H7H) .

2. BEER

4 3 O Sprague-Dawley #iE T v b (HAF v —v
Z s YoN— (KR)) BB A 2V (EATT7 200, AT
19:00), Fili (22CT=1C), WE (55-65%)
EDFERICTHRORESEC5 HHFMfAE L
2. F0%, v EI VI LIZABEICHT, KE
BamoR% 2 &M C2QAHMEAT Lz =7-8). &
B O K EHE, 100gH720 0 g (Soy0), 125¢
(Soyl25), 25g (Soy25) % 721d50¢ (Soy50) & L7z
(#1). AEY 878, BEASB X OCEWMHER L,
#REE 20, 15, BXU5¢100gk b L9112, HE
42, N=—AlBLObLVO—ATHEL. B
FIHIZHECHOK - BRSE. fFERTHRICZ—T
VIR T CIEERBIIR & 0 BRI L, Il & OWRIi#
AR CEEZWE L7z AEBRITESRETZE
BN FEER T B X DR AT, MPTHLE O Bh Y I
HAKIA4 IR L 72,

3. MEFESLVCHRIEEREDAE

MG ORI, Il AFa—, ESkE) K
%327 (HDL) aLA5su—)v, ) VIRE, WEEkE
ez, WROWEF v b2 HTlE L7z Rk
BT (WR)) . HFBIRE I, Folchi®:Z & 0 #IFE
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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 % X ; Soy12.5, K5.12.5 % £ ; Soy25, K .25 % £X ; Soy50, K .50 % £X.

YA Y, ek (FHDGHIEE (BR))
PEERIEATR (WREL ()

SAIN-93E 7 I ViRA (X v ¥ VIR (FR)
TAIN-93G I AT VRE (XU TV ZVEERTE (BR)

ZH L%, PHRIRE G AEREEICLY, 2
LAFO— ViEEIZalL AT 0 — L+ 33 ¥ —¥a i
W2 B X D lE LY.

4, DNAYA 707 LA IC& B EGEFRBEEDHE

FEHPOEERNEHHTH -5 KT %
B L, WEY > 75/ 7-HRNAZHE L L
T, 3 IVT Express Kit (Affymetrix (#k)) 12X ) €%
F U TNV EER L., 1TV T D
Affymetrix #1: % Rat Genome 230_2.07 L 1 & Ut & 4,
M CTHRIL Wiz ToEzllE L. =
DEF—=FEANAFTA - A FTF v (B D
SuperNORMH— Y A ZFIH LT, 3737 2 — %5k
EBSAETNEflio/85 2 ) v ZEICK )R
#ALL, BHEZ A2 T7IEHR LY. Affymetrix #h
DDNA~YA 7 a7 LA OYf, 18ETFTORIREN
D XD perfect match (PM) & FEIEN 557 5
Ta—TEHNEFHEOARY bEAFLTEY, [FA—#E
BFTHo THERINI X VEEICENEL S, £
T, BfHHOBRTREBEOEIT, PMOKEE R
BB OIS & B R E ST TR L2 K
T EEF RV Soy0fif & KE %2 & el ERIHEH 0z A
a7 D (Az) 020 ET, ERFOS5%LLT (p<
0.005) D#inF %, KUHEPUZ X ) FEHEIHEICE
EL7zE W L7z, ZOLRMICE ) BIRKS NEET
&, DNAYA4 2707 LA REICHEET 53104209 5
9 0841 T - 7.

5. DNAY A 707 L 45— 2D

(1) ERLH 50t

DNA~ A 707 LA firCld, S£&EHEETHEL
BRI ROOERIT R T =W oNb. TOBK
BT =8 ORI S TE v, £9, #E5T
FBH L NV CTEEROEACE WIS 572012, FH55
WraghlLrz. FRGSHIICEY, ZRILT— 5 05FH
O ETE LT HEE DT, ShviocBiciEl L
THEALTEZLET, BREBFEHICTHILNTE
AW RKRFFETIE, FIEHTEKEEE 2 ) 7 Lz
FETDOF =222V T, FHOFIYMHEDOITHH 5 F
WaomMEFM L, &% T Va2 FICERT A
LT, BTNV EBETOERGERDT.

(2) KM O % 20T 72 W2 1% e O %R

KEUEMORE %2 20T 5 LW E R O 2 2
A 5720, BISNI-EB/ETITOWT, Affymetrix
o7 — & X— 2 (http://www.affymetrix.com/support/
technical/byproduct.affx ?product=rat230-20) T & {5 T %
EREL, KBETVETLEWEE I TSN
T 5 AW % HE % Gene Ontology Biological Process
57— % X— 2 (http://rgd.mew.edu/) THRELZ. Zh
OGS, BRI NBEFRHOPICE B
PAEREME R — U — 2 SIS X W BoE L2, Z
DH L, MBLEEFEDSSEIL L2 piids1 %LU
DEEGRF—T7— Fe®EkL7:.
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(3) M FERR & D LEL

BEMTHAIREE, ThE2MLLAKREREN (3
D ENE) ORI T 2 720, RETFEDODNA T
41707V A7F—=%Lt, B GO LT L
AT O 7 — & T W E b, W LS
FAMNY w ZETT—7 BEELL2D, Rio
F— B EREVTERTH L7, WEh ORI
OB, KT (&) 2 &L aMlEE, SFhva
BT ONIBIETRIT — 5 O HFHI L /2.
KEIZDWTIE Soy0lt (€A v N— 2D MWKE )
L Soy20 (EfIh Dy 87 BHO4ATHKEAE)
B o HYTBIIoOonTIEC (HES V) B
T20 (BfHF D% 87 HIFEO4THHY S i E)
B oEE L), W OME E R

6. HEHLEE

DNA~ A 7 a7 L A fEFr DAt oz, v o
k¥ = 7 SPSS 13.0J for Windows (HAIBM (¥k)) %
vy, FEBRE R I £ kR A (SD) T£ L7,
—JCHLIE S BT D%, Tukey-Kramer O %5 8 JLEHR 2
(p<0.05) CTHEMIZ % AR~ 72.

KRERBLVEER

ST IR TR AR - RTINS & OV I
hoE AR, FHEBTHERE>Rro7 (K2).

P ERIX, KEEZEFRVEHREEIESEE, KE
#125% 0L gt fHRET, BRIGALREE =13 Soy50%E
THBEIZRAD L7z, WS, MiEholREisE s KE
HETRNEZRL, Soy0Ee D7, BalL A5 —
VIR TIIRE 225 % EEL T, ) UV IRYE
13 Soy50%E T, EHENRILERIREE 1 Soy12.5 & Soy50hE T
BFETHholz. Tz, HEoOPHEHREIIRELZ
225% L EECRMBETHEIIKS o7, T2t
o, KE§ U7 BEORBHR G TRENTVS K

I, KERREAR#HEUETLAMTHL L
MR S 7.

DEZFEMT L LD, HEICBTL T 227
T h—=21%, BfbhoOREEEMEZEEOOELL
7. BN ORER, ZOZBLIEE 1 FRaIcBin,
KLV VEMRERTOEIIMERES N (K1),
RKEDLWEHHOMKIZE, AOKICTE Y b
SNz, F1ERTOFGRIITT%THL I Lh D,
BPORTORIE, BETERAREOEILEZHNT S
KREGEHZETHH I Db s, IS RIS
T2 LEZONLETORIRNRIRDE 2 F 50 1 HE
HENDL., TROSOHERIPATHY, TV
BEOWFXOLDOETERINLMAEAMAEL D IZANITKREW
bDREo572 (K1),

T2, 1 ERGOMPKE D> 2BETE, W
NHRKEEIPUS X - THRAmPHH SN2 #8 T T
Hotlz. TNOLO/IETH S, WIS X OIRES

x2. REVYOXEEFEN Zv FOHKE - RBFES 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 1.16 = 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 =032 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 126 = 041" 1.37 = 029 1.16 = 0.30°  0.859 * 0.334"

Phospholipid 241 + 0.14° 209 + 019° 200 = 023" 157 + 0.20"

Free fatty acid 0.974 = 0.264°
Liver lipids (umol/g)

Triacylglycerol 25.7 + 11.5°

0.614 = 0.163"

0.722 = 0.166”  0.615 = 0.176"

125 + 6.2° 134 + 3.3" 144 £ 7.2°

I = SDT/RT (KFRET-8IL) . KPP DacDFERIE, B2 LFef LM THEE DL

L&RT (p<0.05).
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28, WTFNBRKUEOBRICK LTI T 3 2 Hi25220
SNh7z (M2). L7zdso T, KEOBEIUINREFH
B E L2 DL, FRICIRIIEE S IRE O AR
ENBHZENHLNI R ST,

BT, KEEHYEEEZS L Lz 2 D%
T, BIETHRHEOZALIIEOHMBEZR L (K3).
i, KEEEH) SEH T 2 ERBEASE L T
WhHZEERIEBLTWS., T/, MBER T HGER
DI %130414TH - 72, KE L H ) G ORAEME D
FZETHIUIMEIZ 1 ICEL D720, KEIIH)
JEE D b ERICPRIKREEA AT LEEZON
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EBRBETHONZT - ThoThH, BIETHRIED
WD RETH 5. MOV —TThH, Rikd3E
BRI 07— & 258 L 72 B L AR S T v b
232 DNA~A 707 LA OFBICHI - 722531313
EALHEELLEVWE ) TH S,

CoOXHIZ, BIEEMICH > - EBREHEZHET S
ZET, JAREEHRLEDNL T OXREZHLH
T A2 ENTEL. FREURRAETEZH VR
13, DNAXA 2787 L ADX) Ukl Lrs—4%T
b, EBREBZ IS TEL. 29 L BlEod
LIRNT L, ZNENOERD SEZMAZRAET
LIOICEETHA.

# O
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-
S :
1 111
S a
O 22
“ )
Q 2 oot B e
© 0
0
o~ :
- 3
T | 3
3
-0.5 0.0

05 1.0 1.5

PC1

1. REBPOXEEFENZ v MTROEGEFREALRICRIFTHE (Y TV ERIGTFOERD D)

SoyO#f & e XT Soyl2.5, Soy25, F 721k SoyS0HE COFHEM A RICH L A TFE2EIKL, ThOoBETETORIEE
(LB biplot TE L7 (FBESIL) . HHORTIEET >~ 7V OBL%EFET 1 0, Soy0; 1, Soyl2.5; 2, Soy25; 3, Soy50. &
oM 1 DO@ET#£KY. Xl (51 EW5) CTEMMEL L2 EETIRKREICE > THRAIGI SN 0 TH 5. Yl

2T TH 5.
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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—Fe 35, H1ERGO LVIGEEETORHAREL/RT. B, Az [(Soy0) — (Soyl2.5, Soy25 %
721 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)

XlilliE, AR TOREEROBELZ B L727—% (Soy0— Soy50) . Yi#liZ, Jefiiize” CTouih WigEI o HE % ik
L7z7—% [C (HEAL ) —T20 Y GIFHE ST V827 H20% )] &L, MFET2HOENHFETH S EHE X
Wiz 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 221x10°°
response to glucose stimulus 139 8 2.96x107°
response to nutrient 250 8 1.82x10°"
response to cCAMP 108 7 5.81x107°
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°°

KBESVEODNAYA 707 LA F—FHhb,

BTz,

DNA~YA7u7 LA %M, #EFHRHALNLVT
7 v MIBT L RUOERRMEZ T L7z, BfirhoX
TORMEZ S E LD, MIEB X OO N s
BRI T L2, DNAYA 2707 LA THELA
7z, BIZTRBAT FFNVICEENEARE L ) A Akl
&, B2 EBECTHEEFRIZLOKATE S X
AN, 38T A=W BIERGA I > TF— 7 &%
#ALL72. DNAYA 207 LA @I > T, Bl
DNF VA2 T b=21%, BHFOREORIIIGT
TERIIIENT 2 2 LhBlg s, e ok
e 5 B, KZIZIECTONRY - IRIIEE &I
DbLIT AT b= AIRRNISEEL. Zh
5 ONRE AR EE T O mRNA S B 13, Sk

EETEAS WU Lo H FT) — (F—T7—F)

OB T L7z, #HE 0 FEBRM TDNA Y A
7a7 VAT RHKETHIEI2LD, REOKRE
M7 BEBEE I, S UEOREREME L MBI H B Z LS
Ao hoZz, TOLIHIZ, DNARAS 7 a7 LA
FRATIE, Bz TR T— 7 Y b b &
&, AMORBEMNZHFT 57200350 H 5
L5 FTENTES.
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