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Analysis of Gene Expression Related to Antioxidant Activity in Black Soybean

( Glycine max var) Sprouts
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Abstract: The purpose of this study was to analyze the gene expression of black soybean( Glycine max var) sprouts with high

antioxidant activity. Microarray and GO( Gene Ontology ) term enrichment analysis were used to research the expressed genes,

and the results were confirmed by qRT-PCR. Microarray analysis of expressed genes between sprouts(0.5 and 5.0 ¢m) showed

that the most up-regulated genes in 0.5 cm sprouts belonged to GO :0006979 ( response to oxidative stress) ,in which ten genes
were significantly highly expressed:BE823689.1_567,GMFL0O1-02-F14-R_381,GMFL01-03-G22-R_364, GMFLO1-14-M12-R
_553 ,GMFIL01-51-M23-R_265,AW757007. 1_297 ,AW761420. 1_260,BI1788389. 1_501,BQ273202. 1_332 and GMFLO1-10-

[14-F_701. Those genes mainly control the synthesis of heat shock protein and antioxidant enzymes which related to intracellu-

lar oxidation metabolic balance. The results of qRT-PCR analysis regarding up-regulated genes were consistent with those of the

microarray analysis,which indicated that the results were biologically reproducible and believable.
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RHARRAFT -80C,

P F2EA Trizol 17 (Invitrogen 3 H])
TRFEAS P A5 32 1200 & (Agilent 242 7)) , Cy3-dCTP
( GE Healthcare Cat A 7]) o

PR B 2 A, Agilent 2 ] [ G. max ( Soy-
bean ) Oligo Microarray 4 x 44K K& cDNA i |, &
FHCRES 60 mer ZERIZ T IRITH . FEAUL A Ag-
ilent G3 R AT F1 RT-PCR 1%, ¥4 Agilent
NSNS
1.2 7k
1.2.1  Z 23 ¥ % RNA 2R MBS TR 7
%, i 1] Trizol X7, 43 742 H 0. 5 F15.0 em ST
ZEH g EL RNA i P 3 IR 0 06 T v UK A A
RNA {5, 020 66 BE X RNA #E475E &
4 WEH
1.2.2 RNA 472 RAIP @RS R RE K
0.5%15.0 cm BT H 2 mRNA Y33k, i Agi-
lent 23 ) AYARFEAS PR BR i 100 & %0 RNA #474”
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XUEE cDNA SR RSN 57, Hhy 3" S 1) S S 395 1] %
SEX) RNA HEFT 48, AR5 4 RNA S Jm) 5% 5t 8 eD-
NA, i /] KLENOW [ 55 Cy3-dCTP #7ig.

1.2.3 Bh&hEw HIOLYRHRICHcDNA
Z=A51E Agilent 2y 7] B G. max ( Soybean ) Oligo Mi-
croarray 4 x44K K& cDNA & H b, ST RV A icE:

T Agilent Z258 4 B M1 ,65°C 2858 17 h, 255
AR TE Agilent ;05 FF- 6 EFEAT ik, Ve B RS &
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1.2.7 RT-PCR BiEH oA BAEAKEMNER 1 pg
2 DNase ZbFH3H49 58 RNA AT A 20 L B 8 5 i 4
Z ', ] M-MLV reverse transcriptase 5 Oligo(dT) 12
HATRk o SRIE VT uL RS WA T3 40 20 pl
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Time PCR System [1¥) Eva Green Master Mix, RT-PCR 53
UEZE SRR Y5 [k 1 s .
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Table 1 Primer pairs for the validation of differentially expressed genes by RT-PCR

51¥1(5'—=3")
Primer(5'—3")

Wit SEPH RS
Probe GenBank No.
BE823689. 1_567 BE823689. 1
GMFI01-02-F14-R_381 BW651605. 1
GMFI01-03-G22-R_364 BW652365. 1
GMFIO1-14-M12-R_553 BW658506. 1
GMFIO01-51-M23-R_265 BW684102. 1

ACTTCCCAGTGCTTCTTTCAA
GCCATAGCCAACACTCGC
CTGGTTGGGGTTGGCATC

GAAAGAGGATCTGAAGGTGCA
TTCCCAGAGTAGCATCAGAATT

AAGTTGGAGGTGTTGAAGCC

TTCAGCCCTGGAATATCAGC
GCCGAAGGAGCAGTGTTT

m m = ®m o™ m om m =

ATAGAAGCCAGACATGGTGAAG
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Wt TR RS
Probe GenBank No.

5% (5'—3")
Primer(5'—3")

AW757007. 1297 AW757007. 1
AW161420. 1_260 AW761420. 1
BI788389. 1_501 BI788389. 1
B(Q273202. 1_332 BQ273202. 1
GMFIO1-10-114-F_701 BW656400. 1

F TCCAGCAAAGAGGTTTTACAA
F TGCCACATCAATGTCGGA

R CGCAATCTAACCAACGCTC

F CCTTCAAAGTATAATCCTATTCGTC
R CATGGGTGACTCGTGGGT

F GCAACCGTATCTGGAAACAA

R ACGATCATAGCAATCTCCTCTG
F AGCACTTACTAGGGAGGATTCTAC
R ATCGGGAACCATCTTATCACT

F GGCATATGGATGGTTTTGG

R ATGGAGGTCTTGAGTGGCA

PCR SV 514 A :95°C JEAf 4 min, 1 4~ R,
94°C A5 30 5,58°C R k& 30 s,72°C 44§ 30 s, 4t 45
MG, e J5 72°CIEAH 8 min, B-actin Ak 2 fE 5L
DAL, T A A 356 DR ) 2% 28 7K S i 7 Sk A X it A
SIS R, BRI 2-AACH BEHEFT 2087

2 HR5ITRR

2.1 E RNA RS54

R W5 8 B (oligonucleotide mi-
croarray ) JEFEPRLE 1 —Ff, SUFR Oligo G451, J&
FRPEIEH P 511531 Oligo H4L, il ad S AEHLAF A (3K
FIEAL A AL AR X L Oligo #R 4T [H 5 78 1 AR/

A EMAR SR, AKX )5 52K B AN W) 40 L 20 2R Bl m] — 20
M FPARZS T 199 6hn 10 cDNA #4724 228, 8 i ¥
IR AT F Gexd .08 v AT, X — 45
B ERSOGE S M e A AL B, AR e R fE
(A TCBR 55 , R i TR AT I3RS ik PR AE AN [) 40
Jf AR SR B T R RIA R O

BRI 0.5 F15.0 em BB A, 25
PREL 24k, 7 B34S B RNA S Xl iy & RNA i
Fror ot BTk (€ 2) , &5 R 3R B, RNA 4 &
A/ Aggo = 1. 80, 4l FE 257, H A7 25 1 5T Al DNA
15 g%, AT DL R RS A48 Y K

#x2 EEHFZRNAKRNER
Table 2 Results of total RNA detections

G W

Y5 RS Concentration/ Aseo Asgor280 G A/ R
Sample No. No. gl Liquor g Result
1-1 1 544.6 13.62 1.98 0.1% DEPC-H,0 54.46 RNA 7]
12 2 489.2 12.23 1.94 0.1% DEPC-H,0 48.92 RNA 1]
1-3 3 708.1 17.70 2.08 0.1% DEPC-H,0 70.81 RNA A
14 4 667.5 16.69 1.97 0.1% DEPC-H,0 66.75 RNA 7]
2-1 5 420.5 10.51 1.91 0.1% DEPC-H,0 42.05 RNA 1]
22 6 489.2 12.23 1.91 0. 1% DEPC-H,0 48.92 RNA 7] H
2-3 7 396.3 9.91 1.89 0.1% DEPC-H,0 39.63 RNA "]
24 8 427.9 10.70 2.04 0. 1% DEPC-H,0 42.79 RNA 7] A

12,03 14 0.5 om S5 B EREA 2-1,22,23 A124 5.0 em MG R . T
-1,1-2,1-3 and 14 were 0.5 cm sprouts;2-1,2-2,2-3 and 24 were 5.0 cm sprouts. The same below.

B RNA (S5O REM R A Hh TR G ] 1 s, 25
JF0, RNA (1) 26S FI1 16S RNA Z547 50 , 15 45 B4
fiff, S RNA 57 52t il 205 il e i 265K

2.2 R FEX RGN EE
AT Agilent G3 358 £E Gl B 51 47 48 ASUA I, AR
AR (8 2) .
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1~4250.5 cm BB 2EH RNA;5 ~8 5.0 cm S5 # 2
B RNA,
14 present total RNA of 0.5 cm black soybean sprouts;5-8
present total RNA of 5.0 e¢m black soybean sprouts.
E1 ZEEZHZHF RNA BikE
Fig.1 RNA electrophoresis map of black soybean sprouts
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Fig.2 The fluorescent signal of cDNA microarray
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Fig.3 Unsupervised cluster analysis
on black soybean sprouts
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Fig.4 Supervised cluster analysis on black
soybean with 0.5 and 5.0 cm sprouts
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Feik BB A, N E PR R A 22 e P 4
raxfd: SAM %44 (two class unpaired ) 43, 115 4%
R ML 22 e A B (2 A% ) O e, 22 S SR PRV B H & Bl
10 000 A, ABIFFERE 1207 1k 22 S 8 31K 14 A% 450 1 (L 2
EE 4R EBUEALAE S (fold change,FC) >4 B{ <
— A RE R R 22 S RGR R ], AT IS S0 M . L0
e 6 203 D ERIAZE S WAE R AL, Hoh ) BRIk

LR 918 A, TR IAHEAS 2854,
2.6 mENFEEHEXERSHT

X7 0.5 em JREHTZE Y 918 A F iR AHENA
#AT GO term 3, R A 10 S 3% B KA
A3 Shr e iE M PIA OC, X 10 MR g T
G0 :0006979 ( response to oxidative stress , %8k & 17 i

I (F£3).

x3 0.5cm BEHFHEE AN SHAELEEHEXHER
Table 3 Significantly up-regulated genes in GO :0006979 ( response to oxidative stress)

in black soybean with 0.5 cm sprouts

TRE e PR P T I AR poiNiidE Y
Probe GenBank accession Fold change Description
BES23689. 1_567 BE823689. 1 11.6 Cytosolic class I small heat shock protein type
GMFL01-02-F14-R_381 BW651605. 1 6.7 Low molecular weight heat shock protein
GMFI01-03-G22-R_364 BW652365. 1 4.7 Fructose-bisphosphate aldolase
GMFIO1-14-M12-R_553 BW658506. 1 13.7 Low molecular weight heat shock protein
GMFILO01-51-M23-R_265 BW684102. 1 13.2 Peptide methionine sulfoxide reductase
AWT757007. 1297 AW757007. 1 2.23 Adenylate kinase isoenzyme
AW761420. 1_260 AW761420. 1 3.1 Peroxisomal catalase
BI788389. 1_501 BI788389. 1 2.5 NADH dehydrogenase subunit
B(Q273202.1_332 BQ273202. 1 2.9 Phospho-2-dehydro-3-deoxyheptonate aldolase
GMFLO1-10-114-F_701 BW656400. 1 3.7 Peroxisomal catalase

P 3 AT, i e I R 32 g ol B B IVIR v 2R
HAIT AR 4G A AL AU NADH Jid Sl 7
i Ko JIR R 2 R RIS i e, 55 40 e P 7 AR A A T
i I E, X— KK ,0.5 cm £ 5.0 em
G ZE R E IR PTE ISR OGN, RS
SRR T AT G

TR (ROS) 240 il P A9 2 D e XL+, 7T A
VT YIRE , S 5 MM E S A 55, (HAERLLN
BAMET , &7 B ROS, X 40 i 7= A= 5 F A4
F, SECAN AL T, 5148 s B ™ . 4 A4
P Az ROS 15 EHIHLEIA A — = AEHi T
AEA A Z HITBEIR ROS; — & X6 45 J5 09 K 4 T34 7
6521 . T NADH I 086 ] Ui i A FMNH, 5%
F&—A~H 1 21 o A8 b S R A Ak W I DT T R
ROS, (R SLHEN , 3% PR g 5 4 1F ROS A= 7= 5 BR
Z I A U1 O R o IR IR WA i il A
PR E IR Z 5185 ROS 4510 K4 T 7R
H o, AR S 8 ROS S AL iy — Fp & 3t

o

B A

iR, AL G A B A TR W, IR 2 2 1 I AR i
fitg n] LA b 2R 1 T rh Y 2 R R A i O R A
W20 PR P A M N A B A R o T
PEAR, TT LR 22 (%) 2R (1 Tz el A 1 g /N, B 20 i
By Il Wk, I 1 BT A R RS B R OE A A
B MR TR, KT A BE % b B 7E FF
AR A e AR AR W B R A T AT S, H R 2
PEHE T A b5 0y H B E D, DA 25 AN
R AF S0 0% A I

2.7 RT-PCRBiFZEREMRA

SRy S IR 35 PRLLES A R Y 10 A 366 PRI A S
0.5 em BEHZFPAERIZE T 5.0 cm BTG
ZF, #1717 RT-PCR $IE (% 4) .

GEA3 3 T 4,10 BFE I B8 s fil RT-PCR
SEYREE L IR S PRES Fr BOHE S I E i RT-PCR
GG UEZE R — 3%, F W R R0 B R i 6 21 1Y 10
M EPUEALTE A G EE I AE 0.5 em A9 2B T 2F
SRLTENTE 2 SN
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Table 4 Results of QRT-PCR

TREF H -1 RQ AR Pl

Probe Group Mean RQ Fold change P value

BE823689. 1_567 1 1.08 24.12 0.0017
2 0.04

GMFIL01-02-F14-R_381 1 0.88 9.78 0.0046
2 0.09

GMFIL01-03-G22-R_364 1 1.36 7.99 0.0094
2 0.17

GMFI01-14-M12-R_553 1 1.29 5.33 0.0340
2 0.24

GMFIO1-51-M23-R_265 1 1.05 26.32 0.0008
2 0.04

AW157007. 1297 1 1.27 2.60 0.0329
2 0.49

AW761420. 1_260 1 1.72 7.57 0.0450
2 0.23

BI788389. 1_501 1 1.26 4.06 0.0098
2 0.31

B(Q273202.1_332 1 1.51 6.58 0.0136
2 0.23

GMFI01-10-114-F_701 1 2.33 5.97 0.0610
2 0.39

3 HFit5itit 5% 3k
P AR RN 0.5 55.0 em 2 (1) BHUT RO RS S AT R D). J07E 22,2000

TR 25 A B [N e AR 92 5 R 0K, GO term 73
Prae ik I RE , K BIAE 0.5 cm 2R R ELHT 2
FE T GO:0006979 (A ALk F1 0 K ) (4 10 A FE A
B AR, IS P B ) PR B R R
PR A5 B, I 26 2 5 (R 155 40 i S A i DAl
BV R, X — P54 R SR Z A X R
SLEZF R U RSN A A TR P RIS S5 R — 2, 0. 5
em SRIZHTZF AT AL TS P B3 D0 T 1 R A A
KR 28, al BE R i T Rh 5 7E 8 A 91381 (0.5
em ZER) A S BT 5 U G B IH e 3R
KL PR T 2 PR AT R, M SR T 2R Y
PUEATETE . ZEDE R %di Al RT-PCR B3RS 5R —
B RWIBELE 7 R 25 SR e al {5 o 2T R B
TREWZFH S PR DI SRR N, it
— 3K P 0T 5 B L 2 BT AT P AR )
SAHLA B R A A A

Bt Fow B R (A ) AR PR 8] e ik R
WMEAEARG R AN T B ARARGRA LHFS
s

(2]

(3]

(4]

(5]

(6]

(3):59. (Zhong Y G. Study on nutritional characteristics and bio-
logical active ingredients in black soybean[ J]. Northern Horticul-
ture ,2000(3) :59.)

Hong G, Mandal P K, Lim K, et al. Fermentation increases isofla-
vone aglycone contents in black soybean pulp[ J]. Asian Journal of
Animal and Veterinary Advances,2012,7(6) :502-511.
Guajardo-Flores D, Garcia-Patino M, Serna-Guerrero D, et al. Char-
acterization and quantification of saponins and flavonoids in
sprouts, seed coats and cotyledons of germinated black beans[J].
Food Chemistry,2012,134(3) :1312-1319.

FW, B IE. RIS LT ] R,
2007(3) :123-125. ( Wang M, Ruan M J. Antioxidant activity of
black bean extracts[ J]. Food Science and Technology,2007 (3) :
123-125.)

Xu B J,Chang K C. Comparative study on antiproliferation proper-
ties and cellular antioxidant activities of commonly consumed food
legumes against nine human cancer cell lines[ J]. Food Chemistry,
2012,134(3) .1287-1296.

Kim K, Lim K, Shin H, et al. Inhibitory effects of black soybean on
platelet activation mediated through its active component of adeno-

sine[ J |. Thrombosis Research,2013,131(3) :254-261.
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