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Comparison of Biochemical Identification Methods and Nutritional Quality
Analysis for Lipoxygenase Mutants in Soybean
MA Cai-you'*, ZHANG Sheng-rui’, LI Bin®, LI Jing’, DU Wei-jun', SUN Jun-ming’
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Abstract; Soybean lipoxygenase ( LOX) is the important off-flavor factor in soybean. In order to screen suitable LOX
identification methods and excellent parents of missing sports species, we selected two near-isogenic line populations ( NIL,
Century and Suzuyutaka) with LOX mutants and six cultivars with low beany flavor as materials, and determined the LOX
mutants using colorimetry, sodiumdodecyl sulfate polyacrylamide gel electrophoresis ( SDS-PAGE ) and isopoint focusing
polyacrylamide gel electrophoresis ( IEF-PAGE ) biochemical technique, and compared their advantages and disadvantages
among three methods in this study. Moreover, we also analyzed the main nutritional quality components, including protein,
oil, soluble sugar, fatty acid, isoflavone, vitamin E and carotenoids in the LOX mutants using NIRS, UPLC, GC and HPLC
methods. The results showed that the colorimetric method was a simple and fast technique, however, its reagents need to be
prepared and used in time, the SDS-PAGE method was a simple and low-cost technique with poor resolution, and the IEF-
PAGE had the highest detection accuracy with high cost. The quality analysis showed that the main nutritional quality
components were significantly different in the NILs of Century, while the protein, oil and carotenoid contents were significantly
different in the NILs of Suzuyutaka. It can conclude that in a large-scale of breeding lines, we can use the colorimetric method
to rapidly screen LOX mutants firstly, and then employed the IEF-PAGE to validate the results, which can not only speed up
the breeding progress of soybean cultivars with low beany flavor, but also reduce the detection cost. Otherwise, the cultivars
with various elite quality traits selected can provide the key parents for low off-flavor soybean breeding in the future.

Keywords : soybean lipoxygenase; colorimetric method; SDS-PAGE; IEF-PAGE; nutritional quality; low off-flavor
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AL LOX1 %558 ;B. LOX2 %7 5 C. LOX3 %5 . CK. MK ;1. C;2. C-1;3.C-2;4. C-3;5.8-1.2;6.8-1.3;
7.C2.3;8.8-1.2.3;9. A&7 18;10. Fi 31;11. H ik 68;12. H T 78;13. Fiff 102;14. H ¥ 203,

Note: A. LOXI identification; B. LOX2 identification; C. LOX3 identification. CK. Distilled water; 1. C; 2. C-1; 3. C-2;
4.C3; 5.8-1.2; 6.8-1.3; 7. C-2. 3; 8. S-1. 2. 3; 9. Zhonghuang 18; 10. Zhonghuang 31; 11. Zhonghuang 68;

12. Zhonghuang 78 ; 13. Zhonghuang 102 ; 14. Zhonghuang 203.
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The profile of colorimetric method for soybean lipoxygenase

BRI LOX3, 4 LBk LOX2 AYAPRHEE . 4n
2B iz, oL Tkl 4 /92 31 (loa2) /Y LOX 2%
R AR U T2 Fof ) i 07 46 A T o A3
PR, G0 B LOX2 AYBRA DL .
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A B, 1 Century; 2. C-153. C-2;4. C-3;5. 8-1.2;6. S-1.3;7. C2. 3;8. S-1. 2.3, B E,
1. Century;2. S-1.2.3;3. Hhi# 18;4. thi# 31,5, Hhi# 68;6. Hh# 78,7, Hhi 102;8. Hh 203,
Note:In figure A, 1. Century; 2. C-1; 3. C-2; 4. C3; 5.8-1.2; 6. S-1.3; 7. C2.3; 8. S-1.2. 3.

In figure B, 1.

Century; 2. S-1.2.3; 3. Zhonghuang 18; 4. Zhonghuang 31; 5. Zhonghuang 68;

6. Zhonghuang 78 ; 7. Zhonghuang 102 ; 8. Zhonghuang 203.
B2 XEMERELEs SDS-PAGE ik E i
Fig.2 The electrophoretogram of SDS-PAGE for soybean lipoxygenase
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S-1. 3, W/RAFAE LOX2 25415 ; UKGE 7 M2k LOX2. 3
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SLAN BT A R 2R AR RE, D) LOXT 1Y 3% 7 A5 B A Y
Century 23 & /E 0] FITRIE , X PR A —E TR
EATPIX p R EAf TR B AF A G Ol anss 10

ko -
LOX1 = e
LOX2 - S _— —
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7 : 1. Century;2. C-1;3. C2;4. C-3;5.S-1.2;6. S-1. 3;7. C2. 3;8. S-1. 2. 3;9. i # 18;
10. H 85 31;11. Al 68;12. Fp i 7813, H ik 102;14. A 203,
Note:1. Century; 2. C-1; 3.C-2; 4.C-3; 5.8-1.2; 6.S-1.3; 7. C-2.3; 8.S-1.2.3; 9. Zhonghuang 18;
10. Zhonghuang 31; 11. Zhonghuang 68 ; 12. Zhonghuang 78 ; 13. Zhonghuang 102 ; 14. Zhonghuang 203.
3 KREEREWE IEF-PAGE ik E i
Fig.3 The electrophoretogram of IEF-PAGE for soybean lipoxygenase
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2.2.1 MEHERALHEEAKRIAFLEARZAERDSR
ohr KGR W E ARG Bk R I 45 B R ( Century )
(B SR T ATZE SR N6 1 iR, R RRIR & 1 4h,

12.54% F1 7. 74% ,C-3 )3 R & e 5 (51.93% )
S A S TG FE R 1209.80 ~2 086.61 pg-g ™',
PHER 1 626.85 pg-g™' AR SF RECHN 26% , Hh C-1
{5 T 5 e (2 086,61 pgrg ') s K E A

Hofth FBE IR RALME AR LOX SRRt ie AR 222.22 ~233.19 pg-g ™', FHH N
fEE e, HEAR S EAIIEE R 43.12% ~  226.41 pg-g™' AEFREON 2% , Hp C3 Wit &R
46.36% V- K 44. 45% ,AE F R KK 3% ,Hivh B SRR (233,19 peeg Tt s ATATERE & R AR LT
C-2. 3R R S e (46.36% ) NENT e A8 463 B 8.19 ~9.43 mg-g ™', SFH{E 4 8.93 mg-g ™',
FE N 18.34% ~20.50% ,SF-YE 0 19.41% AEFRR AR RN 5% , Hrh Century AT HEE & B
N 4% i C-1 BASIT S R (20, 5% ) S RS (9.43 mg-g ™' ) K Y PR G EWLE N 1.38 ~
BRSNS AL S RGN 2% ~6% ,Herf C2 19 220 pg-g ™', FIME A 1. 87 pg-g ', B R REH
JHITR FVBE S 19 7 LU B /e, 20 90N 27, 71% #1 5.31% , 17% Horh C-2.3 fi gl N3 A (2.20 pgeg ™)
C-2. 3FC R 5 A0 7 JRR TR 540 4 X 55 o i, 43 1) A

®1 KXEBEHELBREIEEZERR(Century) HEFANSESH

Table 1 The evaluation of nutritional quality component content in soybean lipoxygenase-deficient
near-isogenic lines ( Century)
HH L0} iR WeER WER MBI ] 4R E AR SE MR
g . . . . . Lo . . _ .
Material Protein Oil Palmitic  Stearic Oleic Linoleic  Linolenic  Isoflavones Vitamin E  Soluble sugar  Carotenoids
ateria
/% /% acid/%  acid/% acid/% acid/%  acid/% /(ug-g™') /(pgeg™') /(mgeg™') /(pgg™h)
C 44.20 be  19.78 b 12.02 be 5.00b 25.02b 50.89b 7.08 a 2058.28 a 222.22° b 9.43 a 1.80 ab
C-1 43.12 ¢ 20.50a 11.82cd 4.90b 25.23b 50.95b 7.10 a 2086.61 a 225.04 b 8.98 b 1.38b
C-2 44.44 b 19.38 be 11.70 d 5.31la 27.71 a 48.56d 6.73 a 1267.05 b 227.56 ab 9.04 b 2.09 a
C-3 44.13 be 18.34d 12.16 b  4.89b 23.57c¢ 51.93a 7.45a 1209.80 b 233.19 a 8.19 ¢ 1.90 a
C-2.3 46.36 a 19.03 ¢ 12.54 a 4.92b 24.74b 50.06 c 7.74 a 1512.54 b 224.05 b 9.01 b 2.20 a

I RSIAR/NG PR 2716 0.05 KR TR,

Note: Different lowercase in the same column indicate significant differences at the 0.05 level. The same below.
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K B LA 2 3 45 3 P % (Suzuyutaka)
[y S AT A 2 B 26 R N T
LRI B | 3 A7 16 B 0 5, JLR
& &30 Bl 35.64% ~ 38.35% , F-H{H N
37.12% ESRRECH 4% JER S-1.3 (IR A B
e 5 (38.35% ) I M7 7 k9 FE Ol 20.449% -
21. 84% ,SEI{E K 20.95% , A8 T R BN 4% , B
S-1.2.3 WO & R (21, 849% ) 35 Rl BT 4L
S PP RIS 25 B 2 5 3, Hrh S-1.2 #0E BRRR

P iR (100 6% ) 5 S8 & AR S OR W T
GRENA4173.10 pg-g YR E SREHEN
274.58 ~ 439.91 pg-g~", FEHIMH K 332.93 pg-g ',
S B RON 28% , Hirh S-1.3 IN4EA R E SRS
(439.91 pg-g™') s AT & AU AR B3 3
N 12.87 mg-g ™ 2RIAE PR G EWHEHN .61 ~
1.27 pg-g™ ', M 0.85 pg-g ™', AR REN
449 o S-1.2 B PR SRR (127 peg™) .

R2 KERBHELBHRILEERR (Suzuyutaka) HEFRAS S ESN

Table 2 The evaluation of nutritional quality component content in soybean lipoxygenase-deficient

near-isogenic lines ( Suzuyutaka)

bk HH BeWs  REEER O REARER AR TR WRRIR S 2 LR E AR RIS MR
Material Protein 0il Palmitic Stearic Oleic  Linoleic  Linolenic  Isoflavones  Vitamin E  Soluble sugar ~ Carotenoids
ater1
/% /% acid/%  acid/%  acid/% acid/%  acid/% /(pgeg”') /(pgrgT') /(mgeg') /(pgegTh)
S-1.2 37.38b 20.58b 12.64a 5.10a 22.50a 49.16 a 10.60a 4167.21 a  274.58 a 12.94 a 1.27 a
S-1.3 38.35a 20.44b 13.02a 5.20a 22.67a 48.71a 10.40a 4103.40a  439.91 a 12.74 ab 0.61 ¢
S-1.2.3 35.64c¢ 21.84a 13.04a 4.75a 23.02a 49.74a 9.44b 4248.69 a  284.31 a 12.94 ab 0.66 b

2.2.2 MRENEA K 2 A6 E ISR R A5 RN

M2 3 AT, BEXS 6 AN TR 8 A% T S5 AR 2 IR R R
2 R R B IR B 0 AT R B, A [ e T O R B
HOMIEE B 2T (P <0.05), HEH SR
B4 38.38% ~46.35% ,EY{E R 41.68% A8 5 281
R T% b 18 (8K BT i e e (46.35% )
R & S5 K 18.45% ~21. 64% ,F-3{H K
20.45% %5 2 HN 5% b e 78 (R &
i (21.64% ) o 78S FARDIBRZ 43 b, Hh 8 203
(s R R L R AR R L I JRR R B AT 5 i, 40 il 36 )
12.78% 5. 03% F11 10. 43% ; 1fij 8% 102 97 I R 2 &
e (57.25% ) s H e 78 WTIR 7 it e (24, 92% ) 5

SEEER AU 2 529.72 ~5 240. 84 pgeg
BIfH N 3 665.49 pg-g™' A5 RECH 32% , Hoph
68 [ 2T £ ey (5 240.84 pg-g ™) AER E A it
TEFE A 202. 14 ~292.78 pg-g ™' PRI 4y 248.01 pg-g™',
S RECN 14% , Horp 3 68 484 R E & &S
(292.78 pg g™ ) AR S VI R 8. 92 ~
1117 mg-g ™" P4 10.65 mg-g ™' AR RECH 8%,
Horpepi 102 Ay n] R S A (1117 mg- g7') 5
U RS EIHI0.62 ~2.66 pg-g ™', FHMH
H1.74 pg-g R RBON 42% , Hdh g 78 1
HE N R AR (2.66 ngg ).

®3 ERELBRAXERMEFRARASIEITNH

Table 3 The evaluation of nutritional quality components content in lipoxygenase-deficient soybean varieties

. EH 5] TR R iz WER IR WRRER S fERE AAMERE YRR
Variety Protein 0il Palmitic Stearic Oleic  Linoleic Linolenic  Isoflavones  Vitamin E Soluble sugar Carotenoids
/% /% acid/ % acid/%  acid/%  acid/%  acid/% /(pg-g’) /(pgrg™!) /(mgeg™h) /(pgegh)
ZHI8  46.35a 18.45d 11.50d 3.90¢  23.60be 53.99b  7.01 ¢ 2529.72d 261.54b  8.92d 0.62 d
ZH31  41.94 be 20.68 be 12.68 a 5.02a 23.30c 49.10d 9.89ab 4159.81 ¢ 248.13¢ 10.81 ¢ 1.46 ¢
ZH68  38.38e¢ 20.56 be 12.43 b 5.03a 23.58bc 49.26d  9.70 ab 5240.84 a  292.78 a  10.88 be 1.43 ¢
ZH78  39.76 de 21.64a 11.86 ¢ 4.90a 24.92a 50.86c¢ 7.46c¢ 2727.02d 267.38b  11.10 ab 2.66 a
ZH102  40.92 cd 20.95b  12.09 ¢ 4.16b 17.36d 57.25a 9.13b  2719.46d 216.10d 11.17 a 2.02 be
ZH203 42.72b 20.42c¢ 12.78 a 5.03a 24.00b 47.76e 10.43a  4616.08 b 202.14 ¢  10.98 abc  2.26 ab

vE.ZHI18. i 18;ZH31. W& 31;ZH68. 1 68 ;ZH78. f1H; 78 ;ZH102. i 102 ;ZH203. 13 203,
Note : ZH18. Zhonghuang 18 ;ZH31. Zhonghuang 31 ;ZH68. Zhonghuang 68 ; ZH78. Zhonghuang 78 ;ZH102. Zhonghuang 102 ;ZH203. Zhonghuang 203.
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3.1 KBRS RMAEIRA LT T ENMRE S

RIGAFRLH LOX AR AL %o Oy ik R B FE
1 SDS-PAGE _ Native-PAGE #ll IEF-PAGE 45 )5 &,
Pb A 0 5 8 3 ARG I 52 50 43 0l S5 0 3 (] T
TE A PRI, A A R/ (R AR R A PR, g
A s ER 5 B BE BT 10 R A R A R P R AT
KSR ARIE LOX (9 B 6 1 o A6 I Jr 7 3l 7R & £
17, T BB

SDS-PAGE J7k % € LOX BUAS N &5 H #:4E
PRI e B 5 LOX &8k, Bl TA
] LOX 375 1) 25 54880/, TRk R X 43 3 F LOX
(R EL ARSI A DL, 43 B 23R A0K 5 AN (] 5 o [ il 3% 2 A7
FEM 22 R R BRI IRIRA — B L .

IEF-PAGE J5 I AR 4l LOX [F] T g5 1 sl 1A
[ HERA X 43 3 Fh LOX [] T/, IF FLBE 7 bb 2 235
4 i LOX1 . LOX2 . LOX3a Fl1 LOX3b, M i % E
H LOX @R . B TIEF-PAGE i HA MR = 1
Sy HEER ERA R R S 5 BB AR b A A S
VEMERER R, FERT B, {0 1 & B B AT SE B FE A
AR fo A )
3.2 AEMEHELABHRAMAFAREES

mIRA SIS

M LOX iR AR FE R & Century (1) 225 55 5
JB 53 M 2 B0, AN TRl A4 b Rk 1) = 2 3 5% 5 B 4L 4
225153 3 5 1 Suzuyutaka T 45 56 K R bR} 3222
FEREFR RIS PRS2 R BE,
FH LOX W] B8 32 2L 52 W 2K (4 % L JIg 105 AN 4 Ak 3
FL R LOX sk f AT RHY 3R 1 0T 2 K
FHAA R, T RGBT A AR

TP A 6 AT RR K B SR £
TR UL A0 LU A3 B 2 B0, T A ARG I i J5 4 A
AR HFRIBAEAE B E 2SS, R L REF KT
A SRR T ARG LOX JEPH  (H il FisfL 15 5t
AR FE SRR EN R 2ES; 5 —
Jr I T LOX 3 PR 2k X R 5 32 2038 7 i
HAT RIS K, PR e i) DA 7 ELA AN TR
F T FLARG SRR 0 K T Al . AT BTk A
R IR G S A, 8 18 Sy w8 L R, P
78 Ffm i A S B N R SR, T 68 Oy S
B AN 4 R E 5L b, B 203 v S5 B A 2
FAE NRGR, B 31 5 R R 102
Sk e AT AR SRR AT LA R TR O TS 3R
AT R

4

ABETERT A B 3 TR GAFRL LOX BRAE A4
BETTEIEAT RGN0, B 3 PSR 7 ik 347
TEAS HBIPL R Ao 164 5 BB FE il A B 2
VEPRIS B A4 T ik o M (BE ml R 48 B e HL
B PE B E BB, 3 7 3 RS R 2 o Jt %
VAR Bl A RLBEA T el B %2 %E . SDS-PAGE J5 3% 1]
A M2 i W SR A Tl 15 4 R K, At m] i i 2l
B TR R I W il £ % . (R AR LA TR TF Y
LT, IEF-PAGE J7 ik N e L4 %€ 7k , vl LA R i
Gy 3 AhANRIZERL LOX [R] T B Hy kR A& &L, nl B
TR T 5T YRR I 4T i 2 ARG o 25 7 AR
SRR EE M AT 5 R A i Bk
SRR TSN o 1) 8 5 i S 2H 00 AT ER 5 DR
et S R RAR LB 37 i B S 0 K L dh f, A
B 18 (lox2) ey 2 F i Bl P8 78 (lox3 ) Sy ey il Al
I A 68 (lox2) Dy iRy S B A iR
HEAE SR E ARl AT 203 (lox2 ) Sy iy S TR A R 26
W MR AL T 31 (lox2) Oy iRy S BT it if,
B 102 (lox2 ) oy i AL PR i B, T S8R b AT
VRIS & Pl EA RO T J50RE, 07 T SRR R K
Lty S R R b B T, LR TR
LREEATII.
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