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Selection of a Soybean Line with Brown Seed Coat, Green Cotyledon, and Tetra—Null
Genotype
Sarath Ly', Hyeon Su Oh?, Se Yeong Kim? Jeong Hwan Lee?, and Jong Il Chung®’

ABSTRACT Soybean is the one of the most important crops for providing quality vegetable protein to umans and livestock.
Soybean cultivars with a brown seed coat have a wide range of antioxidant benefits because of the flavonoid components.
However, they also contain lectin, 7S & subunit, lipoxygenase, and Kunitz trypsin inhibitor (KTI) proteins that can be allergenic
and digestive inhibitors and reduce processing aptitude. Genetic removal of these four proteins is necessary in soybean breeding.
Therefore, this study was conducted to select a new line with brown seed coat, green cotyledon, and tetra-null genotype
(lecgyllox1lox2lox3ti) for lectin, 7S & subunit, lipoxygenase, and KTI proteins in the mature seed. Five germplasms were used
to create breeding population. From a total of 58 F, plants, F plants with /ele genotype were selected using a DNA marker, and
F; seeds with a brown seed coat, green cotyledon, and the absence of 7S o' subunit protein were selected. Three lines (S1, S2, and
S3) were developed. Genetic absence of lectin, 7S &’ subunit, lipoxygenase, and KTI proteins was confirmed in Fg seeds of the
three lines, which had a brown seed coat, green cotyledons, and a white hilum. The 100 seed weights of the three lines were
26.4-30.9 g, which were lower than 36 g of the check cultivar - ‘Chungja#3’. The new S2 line with 30.9 g hundred seed weight can
be used as a parent to improve colored soybean cultivars without antinutritional factors such as lectin, 7S o subunit, lipoxygenase,
and KTI proteins.
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B[Glycine max (L.) Merr. 2n=40]-2 FZ o] A1 EA il Al7]+= lectin, 7S «' subunit, lipoxygenase, Kunitz Trypsin
Aip A 7] flste] AufE= EAQ FapatEo|th Inhibitor (KTI) Tl 7h2 gpJopidfo] thg: X FE of
o FAoll= Yubd o g Tl 40%, AW 21, 84 & A Atk

$IHE 11% H =9 Jgar) §hGElojA i Openshaw & F £ = lectin TS galactose F= N-acetyl-
Hadley, 1978). ¥t-&, FxHE "L Aypgo=z da o] galactosamineo]] Eo]% 07 Adsl= Gtz Bajlgfo)
|5 glon, o] 74| 754 % 7 EefR ol A 120 kDao|™ thEA Q] Fgd/dt o= defA AArh(Pull er
o] Solgl 24 FNE /1 $AT ERS LAB E ol 1979), 98 DAL S0 BG4 Tl £
Furh gAkel T3} ot a7k AR F71 o oF 12% A=oln Exierol 30 kDagl 47}o] AHgules

o TFAE A Qlth(George ef al., 2008). Lectin THal 22

ArElti(Bae & Moon, 1997). 18u, Z2X-F9 £
5 FsAde Ast  F Al asf@ao] ofs) fA 27t WA Fon, 25tEA]
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SN A AW 2o FAEA QL
slo} FE Wolishs A= deA UthPan er al., 2018;
Vasconcelos & Oliveira, 2004). E3t lectin Tl 22 A
Al FP0R Qs &, AAL HAAR 2 S oV
5t= Ao 2 HuE I Qth(Miyake et al., 2007). Lectin T
H1Z12 90°Cof|A] 40+ 7HE Sof| k= et o] BE 7t
= Aoz &4EA tH(Pusztai & Grant, 1998). F A<
TN A lectin THal 2 O] EAoE = Le(le) LA}
ofsto] 2w, lele®] 4 TFHUTRY Wiz lectin THHE
o] ZA5kA] ke Ao @ oFe A QIrHOi ef al., 1978). 2
FA] il o) 4] 7S globulin (B-conglycinin)Z} 11S globulin
(elycinin)® 15| AAPch el of 70%2 244 gtk Tsukada
et al., 1986). B-conglycinin glycinin®] H|3}o] $3}oln]
=401 methionine, cystein, tryptophan®] §HeFo] 5-64l A=
B sio} 3 thalae) Qo NS 27 Wolmelr), ek
B-conglycinine o/, a 183l f subunitz® FAJEOIA Q111
(Thanh & Shibasaki, 1978), 43 A <272 olor]= A
o 2x d&A QthKrishnan et al., 2009). 7S B-conglycinin
o] o', a, f subunit=2 212} Cgyl, Cgy2, Cgy3 317k 2
3 W E Tt BaE]o}A ¢t Davies ef al., 1985). ©] = o
subunitS WHAA| 7= Cgyp-1 GHAA7E B G4l cgylcgyl
o] P H-olli= FHAA o subunit T o] EA|SEA] oF
oo, AR o 2= ‘Keburi’7} Hi1Eo{A Qlth(Kitamura
& Kaizuma, 1981; Kitamura et al., 1984).
Lipoxygenase= FollA] H|HURS A7) = tHEZ QL H]
AYA aAEH, L-1, L-2, L-39] 37}#] isozyme &2 A
Eo] Qlth(Kitamura et al., 1983). Loxl, Lox2, Lox3 7
Aol ofsff AujE= Aoz ARl 7 Al H23F XF
9] hydroperoxidationg Zujslo] o2 Qa4 AYAH lipid
hydroxide®} 19 E3jAH=<] aldehyde, epoxides, ketones
Sof oAl vl ghat 4] ke WS $3 AL Lox,
Lox2, Lox3 7%= @Y G4 ez FAE™ loxl,
lox2, lox3%F 7o) AR o FAA 22+ L1, L2, L3
o] WEo]R|R] &=Ti(Hildebrand & Hymowitz, 1982;
Davies & Nielsen, 1986; Kitamura ef al., 1983). Lox/ %
Lox2= A2 AHEHA dA=o] 9loH, Lox3= LoxI 9 Lox2
o =AQ AoE U4HA QrtH(Davies & Nielsen, 1986).
s T Al trypsin®] ©hE TheEs] A2 A
sho] w2 o] 4515 Welsh 21.5 kDa A} 1817
9] ofm|iAto g7 LA E| o] 2] Kunitz Trypsin Inhibitor (KTI)
thil o] 2SIt Kunitz, 1945, 1946). KTI Tl o] &
Ao A% WS e, S0-60% Azl T i

N

of EAe HaA7|al G AE F AlEelA = KTI oA
o] i 30%71A] FRlE= AR g Slrh(Rackis
& Gumbmann, 1981; Krogdahl & Holm, 1981). A< F4
ol 4 KTI ghl o] Z4oisis iz Wiys wel S0
o] AuhEm siti ARG A= FAH oA KTI Thaf 2 o]
ZA5}A] &=tHOrf & Hymowitz, 1979).

PSS 4 B0l Aol EAel ol2ig 3l
S 2ol H7HA Aol &fste] B/t 7t
ST, 7HEAr F7hugolu B ofulat W $8 4

2 @3

o

Qo FUL fARA o] FYFHR| FHHO

Z AAE AE Aol dasith AR 2ME S 7}
A &4 FF2 ), Ago] AN BF Aa A4S

ol Al ah Aol uA SRojapy el A7)
H AlSol gt Hile gl otk & ks s T4
A =AM A 7HR|HA] lectin, 7S o subunit, lipoxygenase
Ul KTIO) 47h1) ghal o] B it tetra null 4442
7R A AlsS Adskr] 915l E)E ik

)

D= 3 wHiEE Fdat AS MY

=AAAS HARA 7154, AT HE A4S A
3}A| 7]+ lectin, 7S @ subunit, lipoxygenase ¥ KTI9] 47}
A o] wiE gloma] 24 F ]9} tetra null A+
(lecgylloxIlox2lox3tiy& 7 A& Adstz] flsto] 471
o FFI 1719 iAol mEo® o] &E ek 5719
mao] gk S, e AAA 2 FIFE ol gt B
22 Table 13} Ztt.

THA13 x PI5483929] WHiE Foto] Fr FAE & §
M FAE o]83slo] HAAZT L} lectin, lipoxygenase-2,
3 W KTI ghlglo] RAjR S48 Ausisrh. A% F
A2 sl B 4242 AN T Fho] Fm
ANAE Agelo] Fy 48 Sladch. 22 FAE o
2351o] AAFu ¢} lectin, lipoxygenase-2, 3 & KTI w2
o] HAYZ SeIFt & felox2lox3ti FAANPL 717 Ak 7f
Az o] gstrt ‘AF2T et AT JiA|Y wer F, &
AE 2 T FARFTAUE 7 FAE Al At
M7Ne] ZA}o)| A lectin, lipoxygenase 2 KTI Tl zo] X
At Fy A sl AdE F, $A45 95510 Fa
AlEA R AAAIRL & F-o] gt AAE AEste F
FTAE Sttt =2 Fy FAbol|lA A E T} lectin,
lipoxygenase W KTI ©hii& o] BAE &Q] St & Jelox]-
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Table 1. Seed coat, cotyledon color, and presence (+) or absence (-) of lipoxygenase, KTI, lectin, and 7S o subunit proteins

of five parents used in this study.

Parents Lipoxygenase KTI Lectin 7S &' subunit Seed Coat  Cotyledon
1 2 3 color color
‘Gaechuck#1”  +(LoxI) -(lox2) -(lox2) -(t0) +(Le) +(Cgyl) Black Green
P1548392 +(Lox1) +(Lox2) +(Lox3) +(Ti) -(le) +(Cgyl) Black Yellow
‘Jinpum#2’ -(lox1) -(lox2) -(lox3) +(Ti) +(Le) +(Cgyl) Yellow Yellow
‘Hayoung’ -(lox1) -(lox2) -(lox3) -(t0) +(Le) -(cgyl) Yellow Yellow
‘Seonyack’ -(lox1) -(lox2) -(lox3) -(t0) +(Le) +(Cgyl) Black Green
‘Gaechuck#1" | _ [ PI548392 &'JX}?'% 7FAA] lipoxygenase KTIS_’J 2714 %‘ﬂi?ﬂ—]o]
(fox2lox3ti ) (le) HASE cAop S HE(P2)o R WHIE Edlo] F, 22} A=
Jinpum#2’ X fonfoxi‘/rf/,’e :;.::1 /\]Uxﬂi O]:H 0}041‘4— XL‘LH = ﬂo;ﬁ} Fi N%iﬂ
(loxctlox2lox3) (Black seed) 2ZHE F, %—X}—— it} Z7te] F, RS o] &5ho] M
_ v F1%} SR AR B, AR BEs] B 48 4
Uoxtlosionicay ) | X | Glack sond) Gos 1B, 2He] By 4124 ZolH DNA w2
| o]-g5}o] lectin T F o] T3t lele %iXP%‘% 7H2 70
loxlox2lox3/tifle/cgyT | | ‘Seonyack’ A S st Adte F, AEAE £ 3 = 7719 F;
(Brown seed) l (foxcTlox2lox3ti ) Z2HZ 0] 835}o] 7S « subunit Th R o] H ;(H—g;]. cgylegyl
r SRR 1 FAE AT, ALE S F 4
= SAE FAEEA 29, B, 457, WS 23
o Ao} AR ArE|elch AN AAE B AS 9 Fs AS
_l oz FAEHAU Fs Ales 783 & 499 A= ol%
F3 seed

-|
F3 plant — F5 plant
I

loxlox2lox3/ti/le/cgy 1
(Brown seed, green cotyledon)

Fig. 1. Scheme for selection of a brown soybean line with
green cotyledon and tetra- null genotype (lecgylloxI-

lox2lox3ti).
lox2lox3ti SAAHL 7} Adb A2 o] &8}t 3
Pt Auk fAete] W REE F FAE 4L T F 4
3%

EAE AA F, FAE F8Ath @ojxl FAFolA M
W8 /44 B B4 stk A AN F B4
thAFO & Jectin & 7S o subunit®] 27}X] TrElElo] HE o
£ B LS. AT P2 TAE AT F: 42
Az AN = o] 53 AHES Aete] B £
£ o9tk 43 B S04 2A5TE 391 @ 5
lectin, 7S o' subunit, lipoxygenase & KTI®] 47}A] thdl 2l

of gt FAE st 2L} lecgylloxlox2lox3ti
FAAE S 7H AR E 22 PH e, A W 5

3}o] lectin, 7S @' subunit, lipoxygenase 2 KTI9] 47}%] &
wo] ofet WS AT Fs AT WHol
w3t o 7o) Agol dhatol F4, 4% A8, WYF
o zAplelTh 2AET, =AY D tetra null $ARES
7}A A ]

7H Age] A2 Fig. 13 2t

ol

DNA O}HE 0|23t /ele STIXRIH F, 70| Mt

4% B FACNA lectin THRe] EAjoj T AR
Le(le) 532 7|4 Foll 7|5kt DNA wpAE o] &3}
Fy A3 FolA lele §48S 7bd AAS Aurstact
(Rita et al., 2006). =2 9 7|7)2] F, A EH 9] ojgole
FXE genomic DNAES 0|42 A1e} £ o g

ZZ5}9tHRogers & Bendlich, 1994; Choi et al., 2017).
Primer+= Forward primer:5’-GACACTTTCC GGAACTCT
TGGGATC-3’, Reverse primer:5-CCAAAGGATCAATG
TTACT GCTAGCGT-3")& t]z}elste] PCRE AA|SHAE T
PCR HF3-H9] A2 ZF sample F DNA 2.5 pl, Water 16.5
ul, AccuPower® PCR PreMix [Top DNA Polymerase: 1U,
dNTPs (dATP, dCTP, dGTP, dTTP) Each 250 uM, Reaction
buffer with 1.5 mM MgCl,], forward®} reverse primer Z}
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0.5 WA =3ksto] 2 20 wl volumeo] =A 3l ch. PCR
95°C 30s (denature), 62°C 30 s (annealing), 72°C 30s (ex-
tension)®] XAOS R 313 wHE AYLct PCR &7 &
DNA7} £Z% 3 2% agarose gel (1 X TAB buffer 100
ml o agarose 2 g, ETBR 3 ul)o]| loadings}$1l, 120 V =
Aol A 2537 A7 F5= AASHTE A7|9E d4' &
352 bpollA] band®] 7= lele FAAE S 7H Fr WA E

At

7S @’ subunit THHEE Hx| F; ZX} Mt
e & TAANA lectin Tl o] HA| 3t Jele FHAE

[€)
& 7P AT o AAREE Aol AN Fs SAE ol
5to] SDS-PAGE B O &2 7S o subunit T2 o] Fajsh

A4 Austgcy 2R 9 AAY B SRR g
2% 9 A7) GEL o9 ATeh FUASHTHChoi ef .,
o] B gel G4 B4 - 72 kDao] 7
g 24 of R A,

MU AS0ll CHSt tetra null REXIES| A

A% 9 SAALT tera null $AAFE 7R Fy
Age) 23 FA% hxEFOR ARFIY HANAL
7Rl G235 0] FAE o]-838to] lectin, 7S o subunit,
lipoxygenase X KTIS] 47}2] chijAof gt tetra null
AR S A48T 7S o subunit 2 lipoxygenase T2
B 7= SDS-PAGE 902 AA59.0m, lectin 2 KTI
T B2 = Western Blot W02 215Gk AY 7|
B3} W30 FARRY Td 223 I GES o
9] Aot FUT o= Y JATHChoi et al., 2021).
7S o' subunit 2 lipoxygenase TH2A.S Z+71+ 72 kDa®} 97
KDao A 3A17F A EIL, lectin W KTI g2 e 242}
120 kDa®}t 21.5 kDaoj|A] EA7} &elx]o] tetra null -§#
Agoz Y
Zm w o

ZMEN|Q} SMXIES 7HE lele RTIXRFE Fo THA| M

FujMo] ZHAo|HA] lectin, 7S ¢’ subunit, lipoxygenase
4 KTI9] 4712 @ulzo] W5 ¢l= tetra null -4}
(lecgyllox1lox2lox3ti) 7NA|Q} HAZH L} =2 F o] H A
lipoxygenase W KTI9] 27} thilZlo] R ol <ok u}
o] WHiS E5to] Poi Fy BAh oA 2 Eu|o} =4
A 7H QA 58719 B A= A7E Ao Fek NS Fe
AEAlE Le(le) A} vpA oA 25 e $tkFig. 2).

OHl

HE 117

———— Fz2 plant ——
M P2P1T 1 2 3 4 5 6 7 8 9

Fig. 2. Segregation of DNA marker on the basis of Le(le)
allele in parents and individual F, plants. P1: Selection
line (lecgylloxllox2lox3ti), P2: ‘Seonyack’ (LeCgyl-
tilox1lox2lox3), F, plants- 4 and 6: lele genotype.

Table 2. Segregation of DNA marker for Le(le) allele in the
F, generation.

No. of F» plant ¥ value

Le(le P
(te) Observed  Expected (3:1)
Le 47 43.5
1.127 0.5-0.1
lele 11 14.5

AA| 58702] Fy Al=Ao et Le(le) 44} ubA £2
Ai}l= Table 29} Zth

ol 58709 F, A=A FollA s A4 lectin &
W2 o] EA o= Le FAARE 71 A= 477092
11719] 7§A+= lectin Thai & o] BA|gt lele F-HAH S 7t
2 Aog el 3:1 vlgof Agetgthy’ value: 1.127,
P value: 0.5-0.1). o3 Ait= A< FA A lectin T
W2 o] 27 o] R single GHAl| 98] HLE = o)A
o] ALATS} AR FHHOLS et al., 1978).

ZAET|Q} MXIE U 7S o' subunit THEHEE! HXf F,
BX} M

lele ARG 7H21 11709 Fy AlEA4] SolA 59 3
o] 7H &gt gk o) ALINAI=HE 3379 Fs FA
AT 247k Fy EA0l4 7S o’ subunit gh e &
=3t} (Fig. 3).

2859} HAZGS A EA 7S o subunit T o]
AtA| = 1709 Fs A ALsQi). o3t A=

o

>

X

M P2 P1 [—— Single F3seed —————

72 kDa

Fig. 3. Segregation of 7S o' subunit protein in the parents and
F; seeds. The arrow indicates the 7S o' subunit protein
band. P1: Selection line (lecgylloxilox2lox3ti), P2:
‘Seonyack’ (LeCgyltilox1lox2lox3). + and -: Presence
and absence of 7S «  subunit protein, respectively.
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HErEl 5 7o) By AR A4 EA0lH 7S o subunit T
w20l §RE AAsh= Cgyl(cgyl) allele©] heterozygote
A9l S eI, 7S of subunit gl o] £ o
=l Al ola 2o olue] AT A} o
2|5t ch(Kitamura ef al., 1984). Ate 7709 F; £21=
nFEo] Fs AEA2 AN 2%, B4, =71 9

s sUF Lol Fudt 3719 Fs AEA7F AU
ARk WA= 242 3719 A8, S2, S3)2 2 A H RiTh

A

Mt S0l CHSE tetra null STXAE HE U =X S
21519 AR 9 tetra null $AARE 1A 3
O A A2 Fs Ale oz AR ELL, Fs A5
g FA}of| A lectin, 7S o subunit, lipoxygenase 2! KTI2]
71 i Bl djg AEe Fie. 49 2o,
NE2EFLORE o] &H AP = AT} SRS
ZFA 3L Qo 47Fx] @l Alof thslo] LeCgylLoxILox2-
Lox3Ti SAAEE 714 Ao F40f A lectin, 7S o' subunit,
lipoxygenase 2 KTI ©hildo] H% 225G AT, 3719
A AlE(S1, 82, 83) FAol A= 47HA] T o] e B
A5t o|2gt Axb= lectin, 7S o subunit, lipoxygenase
2 KTI S of EAfoi = single fr7dAkol| ofsf £4-9-5
o Y Ae FAste] Al g fHdor agE

S

(b) C S1 S2 S3
21.5kDa
=

(©) C S1 82 83 C
120kDa_

Fig. 4. Confirmation of absence of lipoxygenase and 7S o sub-
unit (a), KTI (b), and lectin (c) proteins in mature seeds
of the selection lines (S1, S2, and S3) with a brown
seed coat, green cotyledon, and tetra- null genotype
(lecgylloxIlox2lox3ti). Arrows indicate 7S o subunit
of 72 kDa, lipoxygenase of 97 kDa, KTI of 21.5 kDa,
and lectin of 120 kDa. C: Check cultivar (‘Chungja#3’-
LeCgylLox1Lox2Lox3Ti genotype).

A S YEM Yt Davies & Nielsen, 1986; Hildebrand &
Hymowitz, 1982; Kitamura ef al., 1983; Kitamura et al.,
1984; Orf & Hymowitz, 1979; Orf et al., 1978). 37§¢] A
I AlS L 2EFFCR o] 8H HABZ o gt FAF
A 42 Table 33} Zrh.

YREE AT E AAFICH 4 AL AH
W, A 379) AR g 9 BT Zaloln] 1
Ao otk HBAL Y2EF U AL AE BE 5

S Yenjgich A AR WYL 264309 g0
HA350] 360 grrh A9k WFo] 7

[¢)
2 A AlEol Her] 23 528 & Fe A4 B

ra

flo ulf = S 2
BN
v od o1
I
rO

Mol AgsolA S2 A
 BhEe AZao) 5 §akAl
Mo Zhmo|i Ak oF 65 om AEolth X
sA TN )= 8 4Y Hroln 4=
7= 104 259 Aolth FolA FIFEeE gl
lectin, 7S o' subunit, lipoxygenase W KTI®] 47} %] thafzl

0
ri o
H ow

ig

[\

(e}
we, T
o

=

i

>.

¢

Table 3. Seed- related traits of the check cultivar (‘Chungja#3”)
and three selection lines (S1, S2, and S3) developed
in this study.

Traits

Cultivar Seed
/selection  Seed coat  Hilum  Cotyledon  weight
line color color color (g/100

seed)

‘Chungja#3’  Black White Green 36.0

S1 Brown White Green 26.4

S2 Brown White Green 30.9

S3 Brown White Green 27.6

Fig. 5. Appearance of Fs plant and Fs seed (S2 line) with a
brown seed coat, green cotyledon and tetra null geno-

type.



e
2AET9 SAGS M B L A9 Y4

2 9 A7 el Baskau ofe 7

ale 3 Hol 4=t
Ak webd, 2AFTl SAARI A A4 S0
g, 7S o subunit, 2]FAAUA] 2 KTIS] 4714] T2l
o] %= KPSt tetra null FARE (lecgyllox]lox2lox3ti)yS
A ABL e fatel 2 a7t ARE Ak 4l
E53 V)9 SAAUS olgele] S F4L A

T mo] A= it AA 58719 F, A EA 25 E DNA
A o] 83t lele FHAE S 7H AL AdE &
2 Za el = oA 7S o subunit THEE o] R
Sk F3 $AF ARE] Qi A Fs $2k= Fs A EAIE A
A 3709 Ao SA= ek 3709 A AE(S1, S2, S3)
of tgte] Fe SAOIA ¥, 7S o subunit, 2]ZAA YA
4 KTI9] 47}] chai o] gt -2 HA7F A= At
3709 ARt A5 ZAFT, =AY 9 SAEiE-S 71X
I glom MEEo 264309 g0 & YREEQ HR3E’
9] 36.0 gt} 2H9kth S2 AW A5 WgFo] 30.9 g0 =
ol FoflA o Eoz A lectin, 7S o subunit,
lipoxygenase H KTIS] 47}7] thafz] wi: gt §-415
FLT5E A% SUNREOR o] 8 4= & ALE A}

=25

AL Ab
2 Aqs uSEel At 39A At Y
Aedat SAAY(LINC 3.0)9] AH 2] Y-g o} 423w
AEUTh
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