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ABSTRACT

Compositions and contents of seed proteins are significant targets in soybean
breeding. Soybean seeds comprised 40% protein, mostly consisting of the
globulins, B -conglycinin (7S globulin) and glycinin (11S globulin). 7S and 11S
globulins comprise three subunits @', a, and 3) and five subunits (AlaBlb, A2Bla,
AlbB2, A5A4B3 and A3B4), respectively, and the respective subunits are encoded
by CGa', CGa and CGS and gyl, gy2, gy3, gy4 and gy5, respectively. Spontaneous
or induced mutants lacking these subunits were identified except for 3 subunit. In
addition, Scg-1 that control the deficiency of all 7S globulin subunits was identified
from a wild soybean accession. Soybean seeds also contain three lipoxygenases,
L-1, L-2 and L-3, that cause an undesirable bean flavor. Mutants that lack one of
three enzymes were identified from soybean germplasm. Thus, the compositions of
these proteins can be controlled genetically. Therefore, we designed the molecular
markers to select the mutants based on their gene structures or positional
information, and they were validated by the analysis of a population segregating
the mutant loci. We precisely screened target phenotypes according to the
combination of marker genotypes, indicating the molecular markers developed here
facilitate an efficient breeding for seed protein compositions. In order to control
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seed protein content, we conducted quantitative trait locus (QTL) analysis using
three recombinant inbred line (RIL) populations, which derived from the crosses
between the parents dilering in protein contents, and detected several stable QTLs
beyond planting year and field. Although these QTLs were dependent on the RILs,
the pyramiding of these QTLs could enable the new varieties with a high protein
or oil content. Soy Protein Research, Japan 18, 17-27, 2015.

Key words : DNA marker,  -conglycinin, glycinin, lipoxygenase, marker-assisted
selection, quantitative trait locus, recombinant inbred line
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Fig. 1. Pedigree chart of a soybean line, JQ, lacking 7S and 11S globulins
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Fig. 2. Pedigree chart of a soybean line, JE, lacking 11S globulin and major components of 7S globulin.
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Table 1. List of primers used in this study

Target locus Marker name Primer name Primer sequence Reference
CGaln CCTTGGTGCCATCAAAGAAAG
CGa2-n GCAAGGAGATGCATTGATTATG
CGallQT2 GTGAGCGAGGAAAGTATCG
0 o ingl coaiout CACGACGTTGTAAAACGACCTGAAGTCTAAATAAT Ishikawa et al. (2006),
(and Scg-1) - TTTAAGAGG Tsubokura et a/. (2012)
CG-azyumeF CTTCTTCTTGACGAGGTTGTG
CACGACGTTGTAAAACGACACAACAAGTGTCTCCA
CG-a2yume-R GA
CGaprimeFwild  CGCTAGTCGAAAAATAGCTCTG
, N CG-aprime-Fmutant GCATTCTCAATCTTGTTTGACATC .
Coa' Cga’_indel Cogapriner  CACGACGTTGTAAAACGACTGGTAGATAGTAATCT Kim et al.(2011)
TGTGTCTC
BSSR 03 1290F  TGAGATCAACATCATTTAAACCAA
BARCSOYSSR_03 1290 CACGACGTTGTAAAACGACTTGCTGATTTGCATTG Song et al. (2010)
BSSR 03 120R
o BSSR 03 1201F  CACGACGTTGTAAAACGACAATGCACTCGACTTTGA
Gf/LZ BARCSOYSSR D121 pocr 03 1201R  CGCCAGTTTGCTCTCAAATA Song et al. (2010)
scsm 03 a5y CACCACGTTGTAAAACGACGTCACCATGOCTTTGT
BARCSOYSSR 03 1305 > - - TA Song et al. (2010)
BSSR 03 1305R  TTGTTGCTTCTCTACACATGGA
oo _(Il_ﬁ(:_}rggi'_ll'_'(ls'GTAAAACGACTTAAGAGTTCTAATCT
Gy3 Gy3 Inversion Gy3-Rwild GTACGTGAGCCACATATATAGCA Cho et af. {1989)
Gy3Rmutant GGAATAATGAGAACAAAGGAGAC
oytsF CACGACGTTGTAAAACGACGCAAATATAAACGAAG
CATGCA
oyt s s _CrégGACGTTGTAAAACGACATGTGTGTTAGAAGCAC —
Gydaswild43  CACTTCCTTAGTTCAATATG
o Gydasmutant237  GAGAGTGAAGGGCTTCCCT
BSSR 10 0211F  GCTTGTGGTCATAGTTGCGA
BARCSOYSSR_10 0211 CACGACGTTGTAAAACGACGGCAGAGGTTGTGTGTG Song et al. (2010)
BSSR10.02UR <
BSSR 10 0214F  TGGCAAAAAGAGGGATTTTG
BARCSOYSSR_10 0214 CACGACGTTGTAAAACGACATTCTTATCCTTCATGG Song et al. (2010)
BSSR10.024R
BSSR 13 0737F  CGCAGACAGATAATTGGTTGA
BARCSOYSSR_13 0737 CACGACGTTGTAAAACGACAATGTTTTGTTTTGCA Song et al, (2010)
BSSR 13 0737-R
o5 AGTCT
BSSR 13 074LF  CGGCCTTATTTTAAGCCGAA
BARCSOYSSR_13 0741 CACGACGTTGTAAAACGACGCAAAGAATGCAAAGA Song et al. (2010)
BSSR 13 OT4LR
. LoxLF CACGACGTTGTAAAACGACATTCGTCATAGCAACAC
L4 Loxd indel LoxLR CAGTGAAAACCCAATTCTTATAAACC Lenis et al. (2010)
Lar CACGACGTTGTAAAACGACAAAATTTACAGATCTT
L2 Lox2_indel CCTGG Shin et al. (2012)
Lox2R CATGAGACCATGACAATTCTTTTC
_ Lox3F CACGACGTTGTAAAACGACGTGAATAGCGTAACCAG
(4 Lod jndl Lo3R GCACTAATAAGCTGGAGAGACAC Lenis et al. (2010
(Mi3tai) 6FAMMI3 6FAMML3 (6FAM) CACGACGTTGTAAAACGAC Oetting et 4/, (199)

1) Underlined bold letters are the identical sequences to the 6-FAM-M13 primer.
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Table 2. Segregation of molecular marker genotypes
for seed protein components in soybean
a) F, seeds of Jack x JE

Locus Cga Coa' Gyl &Gy2" Gy3 Gyd Gy5
Presence 222 231 218 . 207218 215
Hetero . 399 A4 A4 431 42 42
Absence 225 201 19 208 216 204
ND? 0 0 10 0 0 5

Total 846 846 836 846 846 841

PkH? 0254 0285 0461

1) Gy1 and Gy2 are the adjacent loci

2) Not determined (including recombinant genotype
between markers)

3) Probability indicated by chi-squared test

0859 0748 0861

b) F, seeds of Jack x JQ

Locus Sepl(Cga) Cga' Gyl&Gy2" Gy3 Gyd  Gys
Presence 89 382 107 99 87 8
Hetero 197 O ... . 199 193 189
Absence 98 0 00 8 102 105
ND ? 3 0 1 0 0 4

Total 379 382 381 382 382 378
PK)? 0712 g 0211 0397 0543 0311

1) Gy1 and Gy2 are the adjacent loci

2) Not determined (including recombinant genotype
between markers)

3) Probability indicated by chi-squared test

c¢) F, seeds of Suzuyutaka x Ichihime

Locus [-1&L27 L3
Presence 23 %
Hetero 52 L
Absence 19 2
ND ? 0 0
Total 94 94

PH? 0496 0233

1) L-1 and L-2 are the adjacent loci

2) Not determined (including recombinant genotype
between markers)

3) Probability indicated by chi-squared test

0O0000odododvol. 18 20150
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a) Locus Marker genotypes
Coa AHAPHHPHPA
Coga’ A AHHPPHHPA
Gyl+G6y2 A AAAHAAAPA
Gy3 AAAAAHAAPA
Gy4 AAAAAAPAPA
Gy5 AAAAAAAHPA
SampleNo. 1 2 3 4.5 6.7 8 J E
b) (1k(|)33-—- Eif B4 51 B
75 o . Cga’
Cga
37
aa — --_-_.-‘
c)
- -
- e
-— D

Fig. 3. Validation of molecular markers for seed
protein components in soybean

a) Molecular marker genotypes of selected
eight F, seeds of Jack (J) x JE (E) for 7S
globulin (Cga, Cga') and 11S globulin (Gy1,
Gy2, Gy3, Gy4, Gyb5).

b) SDS-PAGE analysis of the selected F, seed,
which are listed in (a).

c) Western blot analysis of the selected F,
seed, which are listed in (a). Electrophoresis
was conducted using 10.5% polyacrylamide
gel under 100 V for 70 min. Genotypes were
indicated by P (Presence), H (hetero), and A
(Absence).
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Fig. 4. Validation of molecular markers for Scg-1
Two seeds were selected from segregating
F, seeds of Jack x JQ according to molecular
marker genotypes for 7S and 11S globulins.
Electrophoresis was conducted using 10.5%
polyacrylamide gel under 100 V for 70 min.

a) Locus Marker genotypes
L-1&L2 P P A A P A
L-3 P A P A P A
SampleNo. 1 2 3 4 S |
b) (kD)
100

Mo W EC

7s O b b b

Fig. 5. Validation of molecular markers for seed
lipoxygenases in soybean

a) Molecular marker genotypes of selected
four F, seeds of Suzuyutaka (S) x Ichihime (1)
for lipoxygenases (L-1, L-2, and L-3).

b) SDS-PAGE analysis of the selected F, seed,
which are listed in (a). Electrophoresis
was conducted using 7.5% polyacrylamide
gel under 150 V for 7 hr. Genotypes were
indicated by P (Presence) and A (Absence).
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Table 3. Protein and oil content (%) in the parental cultivars and their recombinant inbred lines (RIL)

Population

No. of Parental value Values of RILs Distribution shape
name .
(location or RILs Correlation
ear) tested P1 P2 Minimum Average Maximum  Kurtosis Skewness
NTRILS Protein 418 04 ®1 407 435 0029 014
(Tsukubazory) &0 DOT00 oy ygq MatOSoy oo (Tachinage) oy ygp  yg 018 0051
NT-RILS Protein 427 a2 ®6 425 461 050 0019
Mitoorg) & DOTBE gy ggg MNatosn) o (e o0 g9 gy 008 03
JF-RILs Protein 417 470 20 48 472 003l 03
(oshizoog) 110 DOTBL gy ogp o, R o0 5, 22 mowr oo
JFRILs Protein 403 426 %3 407 489 039 065
(Koshizoon) T8 DOTA oy ggg Mg (UM e g g 227 00w
IF-RILs Protein 497 430 88 468 519 143 Dos
(oshizoog) 0 DOTH gy gy Mhensnt) o0 Rk 00 09 31 mowr ooo
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Table 4. QTL analysis for protein and oil content in the three RIL populations

a) Protein content (%) b) Oil content (%)
. Proximal  Position . PL? Contribution . Proximal  Position , PL?  Contribution
Popultion - Chr marker ~ (cM) Lop" elect  ratio (%) Populetion - Chr marker ~ (cM) Lop" elect  ratio (%)
13 Satt663 455 76 043 140 15 Satté91 00 58 0013 98
NTRIL 15 Satt69l 10 55 035 100 NTRIL 11  Sattbl9 853 52 1016 1380°
(Tsukuba-2012) 4  Satt718 650 37 029 65 (Tsukuba-2012) 19  Satt373 1577 47 0012 82
11 Sattsl9 778 36 030 650° 13 Satt663 455 44 0013 74
13 Satt663 455 62 045 115 15 Satté91 00 46 0013 85
NTRIL 15 Satt2l2 60 45 038 85 NTRIL 11  Satt583 1088 42 0.3 770
(Mito-2012) 11 Satt19 778 36 034 650 (Mito-2012)
4 Satt718 652 32 030 55 d d d d O d
15 Sat 172 924 48 0062 133 8 CSSR420 1094 56 0029 104
JFRIL 6 Satt307 1706 4.1 047 760 JFRIL 18 Sat 131 581 50 0.29 10.0
(Koshi-2006) 18 CSTS28 666 40 0047 78 (Koshi-2006) 15  Satt263 1023 38 0.23 65
17 Sat 284 486 36 046 71
FAL 19 CSSR116 1116 129 0120 2290 FAL 19 CSSR116 1106 90 042 1720
Keshi207) 6 CSTS744 1519 81 0.92 1280 Kesh207 18 Sat 131 551 65 033 108
13 Sat 313 1482 34 061 6.7 15 Sat 172 934 48 0.34 113
FRL 16 Sctt0ll 732 52 085 130 FRIL 13 Satté63 350 47 060 192
Koshi209) Keshi 209 5 Sat 171 463 47 0076 305

16 Sctt01l 742 38 0043 98

1) More than the threshold calculated by 1000-times permutation test
2) P1. Natto-syoryu (NT-RILs), Jack (JF-RILs), Ippon-sangoh (IF-RILS)
3) Close to the QTLs for flowering, including EZ (Chr_6) and DtI (Chrl9)

gooogo
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