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Analysis of Seed Coat Composition and Antioxidant Activity of Soybean with
Different Colors

WU Caiyu', WEN Chunyu', HUANG Liping', XU Ruixin*, SONG Jian'
(1. College of Life Sciences, Yangtze University, Jingzhou 434023, China; 2. College of Agriculture, Yangize University, Jingzhou 434023, China)

Abstract: In order to analyze the differences in anthocyanins, total phenols, total flavonoids and antioxidant activity of
soybean seed coat colors with different seed coat colors, explore the relationship between as the expression of flavonoid-related
genes and seed coat color, and promote the cultivation, screening and identification of soybean germplasm with high
antioxidant resistance to reorganize. With four kinds of homozygous seed coat color soybean and parents of the recombinant
inbred lines (RIL) population ( ? Zhongdou 41 x & Zhechengxiaohongdou) as test materials, and the species of anthocyanins
were determined by high performance liquid chromatography, and the total phenol and total flavonoid content was determined
by spectrophotometer. ITron reduction capacity (FRAP) , DPPH- clearing ability and ABTS * - clearing ability were determined
to evaluate the difference of antioxidant capacity in vitro. Compared the transcriptome before and after soybean seed coloration,
analyzed the expression changes of flavonoid pathway-related genes, and to explore the relationship between flavonoid content
and antioxidant capacity and gene expression in different color coats. The results showed that the content of anthocyanins in
the seed coat of black soybean was the largest and the most abundant, and the color of the seed coat was mainly related to the
content of geranium-3-glucoside and cornflower-3-glucoside and cornflower-3-galactoside content are associated with black and
purplish pigment deposition. The contents of total phenols, total flavonoids, total anthocyanins, ferritin reducing ability
(FRAP), DPPH: clearing ability and ABTS + - clearing ability of black soybeans were the highest, and all manifested as
black > purplish red > brown > yellow. DPPH- clearing ability was not significant in other coat colors. These results
indicated that black soybean germplasm had better anthocyanins and antioxidant properties, and was valuable for developing
health products. The contents of total phenols, total flavonoids and total anthocyanins were positively correlated with
scavenging ability of FRAP, DPPH - and clearing ability, and the expression of CHS gene was positively correlated with
phenolic content and antioxidant ability. The expression of main CHS gene was significantly increased before and after staining
of black coat, while the expression of MYB transcription factor was significantly increased before and after staining of brown
coat, and the expression of F3'5'H and F3'H genes were significantly decreased. The expression of CHS gene of flavonoid
pathway could be used to measure the antioxidant capacity of soybean seed coat.

Keywords : soybean;anthocyanins ; phenols ; flavonoids ; antioxidant activity ;flavonoid pathway-related genes ;transcriptome
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K[ Glycine max (L .) Merr. | 22 i T3 E
ORI E Y SR R IR & A 60% , B
MEA SN EEORE ) Fif, KPR &H
SeBtR R IRRERE Y RS 2R B A g
REMIE R . KGR LA 3 8 2B SR
SR Z PP, B B S AR €8 28 v R ) o
MR RE DI ES et 2 AR T E =Y
BT, RS I AFTERL Y T R B AL S W, AR
CH RAAEIES, AR RN IR 26 5 iR A2 A2 2
W& R AR AR L, B H > T4 A 2R
B, RIS R kR B s AL Ak B R T
DU I A B S8 bR A5 T F b 2 R ALl SRR
g8 SRS E R 2 TA) Y 3l A 1A, PR R R T
S At B s 2L e 5 A8 5 48 1 T L
R T U S TR, A ) A S A 5 iR AR e D 4
iE PR TR 3K AT & 4% 5T L R AE AR 5 38 ml LA
/D BCE AL, B 1R 28 25 L | B 1k AR BRI E |
T O A e, M2 TR — R e
TR RA T OR, BAHA DR iR
H S AR FIE M D68, & 2 B0 N2 19500 T
B RNATT BB Y BhAh, RORAE (1 X 42
o R 3 b P BB ) LA SR

WHFER B, B0 R G HAT fie i 1 8 i U R g
J, BAUEAL ARBURE  BUE | REA R D R
R ILIG 2545 FH U Takahata 251 HE TR [R] i
R T B B EI I B DPPH - I R BE 6 1, R 30
PR R SR EU A Rk, HOLTE I S B 2 T
I, Kumar %(mﬁﬁ%ﬁf%, 5T Mg T
L, G BE Y DPPH - 35 BR B8 71 FHEK B8+ 14 )5t fig
71 PR SR B B F2 3 S TR 3 A 4 W R R
K3 T BN o PR T S T R
PRGBSI S T 59 R PR S B A R
S WA, By At RE O 2 S
WEFIEA ST AN 7 i S AR T
HEFRK, AR BGAEAT S ERZ R R
AR L R R AR KA R e

BEE ANATAETE AP B4 &, 3 T E TR B
oK H a5 P AT BOR B 2 1 s S B &
WAWERIB A TG Bk B2 M HAR T-Bet i T
SR A A O S BTER SE ) B, b )
B4 T O ER EARKBEE T, KEER
FHEE AT ZE R I8 (H2 R B h B a1 & 23
D EMERT P EAT S EREZ WA 1 mg-g™!,

Xt T HARRR BB AN (0 200 R A RS AE
OHFIEM S BB D, TR TR
SRR B S R R A G R PR
DA 26 v I A 5% i A 2 38 9 AH G 2, AR WF 52X
RIL AR A [R] ol B B0 (8 R B2 A9 A8 (0 35 L BL I
el B R 3 # FRAP %A {L AE 7 . DPPH - {5 PR fiE
JIHNABTS " - 35 BRAE ) AN B M i 4 32 B [N 3R 0K
AT T 00T, % B I 2R AL G i i SR PR
etk BA B S, AR T AT U E A R R E
Foft A 355 8 NG e 48 7, AR T e R LR 2 5
{ERIE RN,

1 HRSH®

1.1 ##

BEIADEEA A RIL FER (@ HE 41 x & R/
ZI03) Pyt Pk i B 58 A | B R Y B A
3ARBR MHEAR P T 41 MR/ T, 2019 4F
5—10 A AL TN TR A0b BH Fel 547
PR TR, TRRMACJ 7 T 3R T4 PN 28 °C TR Ab B,
PREUIORL 0 3 | €5 34 50 I K R, RIS AL
(Bear,FSJ-AO3E1) #FEEFf Kz |, HH 250 um (60 H ) 1§
ik g, —20 CARTERH .

WA ZE i — LN IR R IR ( Trolox ) & & TR
(Gallicacid) 7T (Rutin) Folin M350 )0 B 3 &
Sigma 23 A 5 O k4l 2 R B 122 sk
B A BRI 5 A0 ™= oA i

1.2 A%

1.2.1 REFRBREZRMEESIH FFEO.1g
KEMEHEST 10 mL BZEELE P, A 4 mL
2 mol- L' HT it 3 2 1% W ( . Wk SR R 1A R 1L
100: 16 ) , JE7%IR2A) 1 min, #AHEH 30 min,90 C /K
1 50 min, i XA 10 min, X5 H 2 mol- L' H
R PR PR BUR FEUCE 25,4 CARIE T 1 500 1+ min ™'
B0 S min, FFAR BWEWH 0.22 pum AKAHJERE (R
Fes, dbnt) B LRI, A I, - 20 C PR
17, % BARER 3 MEYEER

K HI Agilent2000 55 50 W AH €435 XoF 46 (5, $2 H
WHATENES T, IS5 % (1) (il C18
#,250 nm x4.6 nm x5 wm; (2) WA A N 10%
HHFR ¥ W, T8 A0 B i WG (3) A il i & R
530 nm; (4) B 35 °C; (5) AR 20 wl; (6) BRI
VEMARR P (3R 1) o W 78 5 5 SCRIGE AL &R
FIISHREESEAT LUXT B 8 AL AT RS2



556 K =

B2 53

R FH AT B I 4 UK A8 6 3 i, o
FIFH A 4 4% 2 e KRR £ 530 nm, LA 1%
HCL /B 25 3 K IR IR B (1% HCL 1Y
s RB 5K =1:1) AL SE 530 F1 657 nm
WA s Qs = (Asyy =0.25 xAgsy) x M, 5K
o M OEER TR (0.1 g DW) , B0 R (Agy, —
0.25 xAgs, ) /g DW,,

x1 BEEHER
Table 1 Gradient elution program
‘ i A A Wi s B
Fisf 7]
Speed/ Mobile phase Mobile phase
Time/min
(mL-min~!) A/ % B/ %
0 0.8 96.0 4.0
8 0.8 85.0 15.0
23 0.8 85.0 15.0
24 0.8 20.0 80.0
27 0.8 20.0 80.0
28 0.8 96.0 4.0
35 0.8 96.0 4.0
1.2.2 EBfe &R 2 Min 527 )y

25 ERFRH 100 mg B VR T8 T 10 mL 2.0 48
HOMA 8 mL IEC ke, I FEIFENRA)E##E 10 min,
4 °C,4 000 remin ' &0 10 min, 7 R, EE 3 K
(M BRE R ARG ) o DITEMA 8 mL % 1% HCI
() PR B HE B, 45 10 min | R AR 1 Y%, 30 min &
4 °C ,4 000 r-min~" B0 10 min, W4E FIEW, BE
3, AIF B, ERE 15 mL, -20 CIRAEE,
A 3 MEYFER

1.2.3 EBfEFERE 540 E R Folin
B B, TARBUE P 0.2 mL A
0.3 mLZ&1#H/K 0.5 mL 50% Wik 2.5 mL 20%
Na, CO, , F 25 C /K 40 min, 7E 725 nm Zbi 2 W 56
18, ABCE T BRAE S b o it 2 o s o i 42, 75 [l 15
HHEy=0.129 7x =0.008 6 (R* =0.995 2) ,z\rf,
y NRIERE  x AT E TR (pg-mL™") | &
My 5T e o A AR 1 g A T B i i B IR TR
(mg-g™") 7w 2R FH A R B 1R 40 - L S fL 4
380 S T T R A AR, BRBGRE 0. 5 L 52
DL T R b o o 22 10 A 0 il £, 75 21 18109 7 #

y=0.012 3x -0.015 8(R* =0.992 6) , =1,y J
I o B E TR EIRE (pg-ml ") AEE 1 g #F
T A T R (mgeg ™) R,

1.2.4 RAAMEIEHFENE  B% Benzie &2 5
B E FRAP $i AL BE 1, S U AR B 5 A% )5 X
0.1 mLill%E, Il A 3 mL FRAP JZ J% &, 25 C /K
5 minf5,593 nm ZbMENSERE , DhZs s — LN TR
i ( Trolox ) VE A i 22 il A v Hh 42, 75 201) 1] ) 5 i
y=0.009 1x —0.093 6(R* =0.994 9) , H:f y AL
JE xR Trolox JBUE MR (BN pg-mL™") . Z53RL
TS 1 g BRI R (mg-g ™) TR,

%7 Chen %5 {7350 22 DPPH - 15 R ik
PRGBS 5 455 HL0. 1 mL %E M A 3 mL DPPH
W, EIRFE 30 min J5, MUXE 517 nm AbWROGAE,
L Trolox 432t Ay b o (it 22 il B o 1h 4%, 45 3] [l U5
Fy=-0.003x —0.054 9(R>=0.997 6) ,H:f1 y K
WYGRE  x A Trolox Jiim ¥ & (BN pg-mL™")
R TR g BEMPHRESE (mg-g™")
FIR,

5% Re %V B B0 E ABTS ™ - TR AE 7, $2

HURFiRE 5 A5 5 B 0. 1 mL M€, A 3.9 mL ABTS
SN IR A G 2 IRCE 6 min, JIIZE 734 nm AL
{H, DA Trolox 432 Ay b i i 22 il b o iy £, 75 3] 11 19
JFEy = —0.003x —0.054 9(R* =0.997 6) , =,y
WG ,x A Trolox B (ug-mL™") . 25U
TIHAE 1 g ST T R (mg-g ™1 ) TR,
1.2.5 AR A& »H  RIL FEAK F QAR 2
B 3 MR R 780 JEEORL G  ARYEXTEEFD T IR
B ERR R T, S& L) S 3k R 2 BT
FFRLR/INE 200 ~ 300 mg BFVE R JC (R FLR R
HURERRIE | LG SR I K HL 78 (5 B FFRL K
/NFE 400 ~ 500 mg BFHVE A 0 R AR 0 BURE A
W, GRS Rt JC2E A YA Bl AT RNA-seq
et b1, 2% 3 W4 Glycine _max _v2. 1, 7
RNA-seq 2T, 3 52 b i 31 2 2% 3 P 4] IX 3R ) e
51 (clean reads) P E B IT B R A A KFE,
P Hisat2 B AF1H 5 594 3 R/ 5% SR AEREAS TR iy
FPKM i, LLZAEANE R DK/ % AR e REAS P i 20k
W, THTRR R CAH G L (R 2) IR R TR, 3 A
HH,
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Table 2 Gene and function of soybean seed coat color locus

Z LA A 1D A EE EZ BTN
Classic loci Gene 1D Gene function Reference
I Glyma. 08G109200 AT /R G i CHS [32]
Glyma. 08G109300 Yt 25 SRR - B CHS
Glyma. 08G109400 Hitith 25 SRR & U CHS
Glyma. 08G109500 SRR R A B CHS
Glyma. 08G110300 Y25 R & B CHS
Glyma. 08GI110400 SR R A B CHS
Glyma. 08GI110500 A AT R G B CHS
Glyma. 08GI110700 ﬁﬁ%ﬁmﬁlﬂ%ﬁi CHS
Glyma. 08GI110900 AR AT R G B CHS
T Glyma. 066202300 SR TGEER -3 -2 AL F3'H [33]
R Glyma. 096235100 Hiih MYB % M T [34]
wi Glyma. 13G072100 RIS T GEER -5 '3 AL F3'5'H [35]
KI Glyma. 11G190900 i AGOS HH [36]
G Glyma. 01 G198500 i CAAX 2L 56 2 Il [37]
1.3 HESH oI 2 s e fE (18] 1b) o

FIH Excel 2013 #1 R B4 #E 47 B4 52 11 #1453
B, Bs LIS YA {E + bRifE2E (Means + SD) 3278, 2R
S 2 25 4 BT, TR [ BB 0 65 R ) L R
Duncan’s ¥, 2 Z K8 0. 05, Fil F Excel 2013 #f
114z

HBRESMH

2.1 AEAHBWMELBERS ST

W 2 PR TEAIR/INAL &L (ZCXHD ) By Az
FEAFAE 3 FE AT A, R R BRI AT,
FENREHRI- LI ( Cy—3—gal) K 45
R-3-HEPE (Cy-3-glu) 3 50 2 W R A,
FERRAIEERI- éﬁj@ﬂﬁﬂ(Pgs glu) ; 55 =N
AT R G, 3 BIEAT 245 -3 -4 % B (Pn-3-
FEHE 41 (ZD41) B Fh B2 rPAXAE Pg-3-glu 4k

2

elu) .

fE Fy (RIL) HEACES (8 45 (0 552060 R 4 Fh
%ﬁ’éﬁlﬂzqﬂ BT AL R R RCN R R,
BHRLEFEOR REHR R OR B
ﬁF’é%ﬁ”’ﬁE’é?,ﬁﬁiféﬁ%%ﬂﬁ%*’* R
%5 05 7 (Pg-3-glu) | K % 45 K 5 4 M ( Cy-3-
glu) | RGHERE (AR A A M 1T (Dp-3-glu) LA K fliE 1
SR O R BT (Pt-3-glu) A 28 (0 K 4
BEH (Pn-3-glu) . BLORGF PR R E5H Cy-
3-gal ; # 8 K O A je 5 868 R SR RS A
Pg-3-glu, Jf- H#(8K 0Fh Rz o (1) R A5 35 (0 AL (41
S (L), 4 iR i dh e 6 & it gy
519 0. 000 35 +0. 000 19.0. 003 36 = 0. 000 73
0.021 66 +0.002 81.0.310 08 £0.027 65 mg-g~'
FREFWBFE(P<0.001) (K 1d),

’

R3 TREBEMERHEERERE

Table 3 Anthocyanin types in different color seed coat

RIBHR3- RKIBHHR3- REEFER3- ATER-3- TRIHERT R 3 BRI R 3-

T WAL WAEET HEETY WAEET HEET
Cy-3-gal Cy-3-glu Pg-3-glu Pn-3-glu Dp-3-glu Pt-3-glu

H1 7 41 Zhongdou 41 vV

i YUSAN) v v v v

Tuochengxiaohongdou

H L Yellow vV

€4, Brown vV

247 Purple v Vv vV

A% Black vV Vv Vv vV vV
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a Bt
Black

e HE

Brown Yellow

oo
)"

b 280 Cy-3-gal Pg-3-glu Pn-3-glu
2501 _ ZCXHD
201 zpar
= 1604
< 1301
g 1004
701
40+
101
2204
"50 T T T T LU T T T T
0 5 10 15 20 25 30 35
Time/min
c 400 Dp-3-glu Cy-3-gal Cy-3-glu Pt-3-glu Pg-3-glu Pn-3-glu
340 1 Yellow
] — Purple
2804 — B{o»\l/(n
. 220 — Blac
< 160
& 1007
40 1 ___[L*
-20 7 T
0 5 10 15 20 25 30 35
Time/min
d
40
o 35t a
a r
@) 30
2 25¢
< 20t
&
Hr 15
) i
S b
g c
0 ||

B e e ARCN B
Yellow Brown Purple Black

TE: a ARBUERN S RIEE 2 b, AR Z I AE AT 25 ZD41 RRhE 41,
ZCXHD F/R i/ LG e TEO W0 KO BOMEBIORE RO IZES d 755
@ e e BEMEEERGPEGT SR, ARTFRFRREE 2R (P<0.05),

Note: a. Extraction of anthocyanins from different seed coat color; b. Anthocyanin
differences between parents, ZD41 means Zhongdou 41, ZCXHD means Zhechengxiaohongdou ;
c¢. Anthocyanin differences in yellow, brown, purple, black seed coat colors; d. Anthocyanin
content in yellow, brown, purple, black seed coat colors. Different letters mean significantly
differences( P <0.05).

1 AEBeMHEPEERNRNSNE

Fig. 1 Extraction and determination of anthocyanin in different color seed coat
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2.2 AEBBEMELSHBMAERSE

I 3 AT, KA [ A B e e A v o
FAER 225 (P <0.05) , RN BAF > 5T
TRz > H (aFp je > 8 (@ e, DA R i 5 B f
710.313 +0. 008 mg- g™ ", & (0 Fh J e fIK &5 &2

2.996 +0.001 mg-g " ; Bl & e A [ 260 K S
FrhEBEEREFE(P<0.05), KM N B AT >
LR > W ORI > B R Rz, SR b
B, M 29.973 £0.050 mg-g ", B b A
{&,ﬁ2.463 +0.021 mg-g_lO

F4 RIL FEAEREMEHH LB EER

Table 4 Total phenols and total flavonoids in different colors of seed coat in RIL population

Tl Bz B0 REyL)

Seed coat color Total phenolic/(mg-g~")

LR
Total flavonoid/ (mg-g~")

T Yellow 2.463 £0.021 d

(%, Brown 6.756 £0.059 ¢
4T Purple 13.583 +0.167 b

2 Black 29.973 +0.050 a

2.996 +0.001 d

3.717 £0.002 ¢

5.984 +0.003 b

10.313 +0.008 a

H AR TR RZERBE(P<0.05),

Note : Different letters mean significantly differences( P <0.05 ).

2.3 AEAHBMERELE

WA 2 FrR - AN [FFP R 265 FRAP it %8 Ak RE
(9725 1 M 19. 88 ~ 581. 09 mg- g™, A [F i {4
FRAP B fbfie ) 22 K, HEF B A i > %
CIFPRE > W RN > B AR, TR B R
ABTS* 15 BREE 115 FRAP HT 8 L BE 177 16 A0 UM
B RO R, 241,72 mgg ! VRAIRZ N
103.75 mg-g ' #B{ A 54.53 mg-g ", B A HAL, N
7.73 mg-g ', #£ DPPH-I5FRAE S 7, R AP AL
AE S W T HABE (A (P <0.05) , 4 200. 46 mg-g "',
LT M BRI 225, AR IR 173,12 ~
180.46 mg-g ™',

700
600
500
400
300
200
100

0

Trolox/(mg-g™)

E AR FHRFRRE BFEZER(P<0.05),
Note ; Different letters mean significantly differences( P <0.05).
2 REARFEMENRELEE
Fig.2 Antioxidant abilities of different color

seed coat of soybean

2.4 AEABGEMEHXEERRESHT

TR I TP R B A S 3k PR R A [R] B3 68 35 (6 i e
MYFRIA 2 FUNE 3 s . e T B 3 (TS Gt 1
P CHS K2lH gwtth W1 5 50 F3'5'H 3L G
5 R 7 B MYB %5t FRB R EFE (P <
0.05) , ik T 7 500 F3'H BRI EE BE R P
<0.05) ,KI 1 G {3 5 FE P 3R 1k Jo B 8 A8 1k, 15d B
MEEOFEEYS CHS KN ERLEA X (K 3a); ¥
LR G M FHORG CHS 3ENJCH ARk, MYB
kN PRI ETE (P <0.05) 1 F3'H JEK A
F3'5'H BEHMRIB D ZE TFE(P <0.05) K1 {7 s 5
Glyma. 11G190900 335 TW B 21k, G i i ik
BEFIRA 225 (HRAUTHE T 2.8 £, B2 AR
P EEE R 75 MYB 75t A 5 (E 3b) 5
¥y K L3 TS H 4y CHS 2 ( Glyma.
08G109400 . Glyma. 08G110300 . Glyma. 08GI110400)
R EFE (P <0.05) HEEABRANRLGE
15, MYB § 5 F3R Ik B FH S (P <0.05) ,F3'5'H
FEF F3'H LR A RIK W2 FRE (P <0.05) ,KI
G 75 LR Fe 3k T W 0 A8 Ak, U A8 (6 1 8 5 %%
ZAN M (B 3e) s AR R O A (RIS CHS
FEH OB 25 5, F3'5 H JE I MYB %% 5% [H 73
KT (P <0.05) ,F3'H 3L 335 B35 T
(P <0.05),KI Fl G fi & 5 K 3Rk JC W] W42
1B (& 3d)
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Note : a. Expression patterns of related genes before and after pigmentation in black soybean seed coat; b. Expression patterns of related genes

before and after pigmentation in purple soybean seed coat; c. Expression patterns of related genes before and after pigmentation in brown soybean

seed coat; d. Expression patterns of related genes before and after pigmentation in yellow soybean seed coat.

differences( P <0.05).

** mean there were significantly

3 KEMEBEHEXERNRE

Fig.3 Expression of genes related to seed coat color in soybean
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