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ABSTRACT

96 recombinant inbred lines (RILs), which were derived from the cross of two soybean
varieties, Peking and Tamahomare, were planted along with their parents in three
locations, Kyoto, Osaka and Nagano. QTL (quantitative trait locus) analysis using
SSR (simple sequence repeat) markers suggested that one QTL named gProl on
linkage group I (LG I) simultaneously governed «- and «'-subunit content in all the
locations. the Tamahomare-type allele at gProl increased «-subunit content and
decreased «'-subunit content, whereas the Peking-type allele decreased «-subunit and
increased «'-subunit content. The mean value of «-subunit content of the RILs
carrying the Peking-type allele in the homozygous state at gProl was almost equal to
the value of Peking, whereas that of RILs carrying the Tamahomare-type allele was
equivalent with the value of Tamahomare. Thus it was found that «-subunit content
is chiefly governed by gProl. Two QTLs controlling both of g-conglycinin and
glycinin content were detected on linkage group I (gProl) and O (gPro7), and the
Tamahomare-type alleles at these two loci increased B-conglycinin content and
decreased glycinin content. For total protein content, two QTLs were detected on
linkage group A2 (gPro8) and C2 (qPro5) in Osaka and Nagano. In these two QTL
regions, many QTLs for 2-conglycinin and/or glycinin contents were detected. These
results indicate that two types of genetic factors regulate the contents of soybean
seed storage proteins. one (gPro5 and gPro8) increases the contents of seed
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protein(s), and the other (qProl and qPro7) determines their ratios. Soy Protein

Research, Japan 11, 32-39, 2008.
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Fig. 1. Chromosomal locations of QTLs for 3-conglycinin subunit contents detected from the PT-RIL populations
in Kyoto (K), Osaka (O), and Nagano (N), respectively. Arrow indicates the peak of the LOD-value for each
QTL (a'; «' subunit content, «; « subunit content, 2; 2 subunit content) and its shading indicates the
effective genotype (black; Peking, gray; Tamahomare). Genetic distances are given in centiMorgan (cM)
from the top of each linkage group.
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Fig. 2. Frequency distributions of «-sub content in two PT-RIL groups classified by the genotype of gProl in
Kyoto, Osaka and Nagano. The genotype of gProl was estimated by both genotypes of the upstream and
downstream markers (Satt650 and Satt671, respectively). The arrow head in the figure indicates the mean
value of each group (deep gray; Peking group, light gray; Tamahomare group), and the arrows show parental

values (deep gray; Peking, light gray; Tamahomare).
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Fig. 3. Correlations between «- and «'-sub content in two PT-RIL groups classified by the genotype of gProl in
Kyoto, Osaka and Nagano. The genotype of gProl was estimated by both genotypes of the upstream and
downstream markers (Satt650 and Satt671, respectively). The bracketed values are the mean value of each
group and correlation coefficient between «- and «'-sub content (a-sub content, «'-sub content, correlation
coefficient (*: 5% significant, **: 1% significant, n.s.. not significant)).
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Fig. 4. Chromosomal locations of QTLs for 3-conglycinin, glycinin and total protein contents detected from the

PT-RIL populations in Kyoto (K), Osaka (O), and Nagano (N), respectively. Arrow indicates the peak of the
LOD-value for each QTL (7; 8-conglycinin content, 11; glycinin content, P; total protein content) and its
shading indicates the effective genotype (black; Peking, gray; Tamahomare). Genetic distances are given in
centiMorgan (cM) from the top of each linkage group.
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Fig. 5. Correlation between j-conglycinin and glycinin content in two PT-RIL groups classified by the genotypes
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of qProl and gPro7in Nagano. The genotypes of gProl and qPro7 were estimated by both genotypes of the
upstream markers (Satt 650 and Sat_318, respectively) and the downstream markers (Satt671 and 138ct63,
respectively). The bracketed values are the mean value of each group and correlation coefficient between
-conglycinin and glycinin content (3-conglycinin content, glycinin content, correlation coefficient (*: 5%
significant, **: 1% significant, n.s.. not significant)).
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Table 1. Locations and effects of QTLs for «', « and 3-sub contents detected in PT-RIL population

Trait Trial  QTL LG (SC@;; <cE1\rZC>12> (12 iZ;; LOD iﬁff Comf(%b)u“o“
Ke'l Bl 120.0 125.5 125.0 2.16 0.05 6.69
Ke'2 E 99.1 101.6 101.6 2.14 0.05 5.99
Kyoto Ke'3 F 97.2 107.2 102.2 2.23 0.06 9.04
Ka'd I 472 71.9 60.4 6.89 009 2254
Ke'5 M 1224 124.9 124.9 2.74 0.05 7.81
Oc'l Al 85.8 103.4 97.1 432 0.0 1226
, Oc«'2 Bl 117.0 136.7 125.0 2.38 0.07 6.59
C“o;‘it Oeaka 0c«'3 B2 87.6 99.1 99.1 334 —0.08 8.96
O«'4 Dla 1082 136.8 125.9 3.20 009  10.07
Oc'5 1 472 69.9 59.4 7.27 0.13 2225
0c'6 O 65.1 98.7 78.2 506 —011 1437
Ne'I  C2 1135 120.2 1135 2.65 0.07 6.91
Nagano N2 Db 1057 105.7 105.7 205 —0.06 5.42
Ne'3 1 53.2 704 62.9 4.99 0.10 1442
Ne'4 O 9.0 46.1 32.6 374  —010 1355
Kal A2 122.7 126.4 123.7 221 0.06 1.68
Ke 2 E 35 122 8.2 3.09 0.07 2.65
Ka 3 I 47.2 71.9 50.9 3814  —037 7511
Kyoto Ka 4 ] 82.2 93.2 92.1 291 0.07 2.39
Ka 5 L 80.3 84.5 813 211 —0.05 1.60
Ka 6 L 88.7 116.0 90.7 289  —0.06 2.22
Ke7 O 20.1 38.1 24.6 343 —0.07 2.87
a-sub Oe«_1 Bl 110.0 1372 129.3 3.03 0.09 4.60
content 0az2 (2 113.0 118.2 115.0 2.24 0.09 343
Osaka 0«3 (2 120.4 123.4 120.4 2.32 0.08 3.27
O 4 I 47.2 756 63.9 2014  —032 5542
O« 5 N 89.8 94.8 92.3 206  —0.09 3.85
Ne1 DIb 1034 106.7 105.4 216 —0.09 3.54
Nagano Na«.2 G 95.8 104.8 97.8 2.30 0.10 3.99
Ne 3 I 37.4 71.9 58.9 2085  —037 5428
Kz 1 A2 66.3 75.0 703 251 0.08 5.48
Kp2 A2 112.3 139.4 123.7 9.23 0.16 2627
Kyoto K73 Dla 54.6 72.0 62.5 4.19 011 1061
K5 4 L 130.9 134.9 134.9 231 —0.08 5.79
Kp5 O 24.6 57.7 37.1 420  —013 1645
K76 O 126.5 145.3 143.3 536  —013 1472
051 A2 123.7 126.9 125.4 243 0.11 7.20
-sub Osaka 052 Dib 185 23.0 20.5 2.02 0.11 7.58
content 053 F 66.9 89.5 81.0 390 —017 1685
Nzl A2 37.3 63.3 58.8 2.83 0.09 7.38
Np 2 A2 1183 128.9 122.7 415 0.10 1054
Ns.3 Bl 0.0 115 3.0 285  —0.08 7.05
Nagano Njg_4 Bl 12.9 27.7 16.4 246  —0.08 7.00
Nz 5 C2 110.6 120.2 113.5 3.10 0.09 7.80
Nz 6 O 105 17.0 135 207 —0.08 718
Nz 7 O 19.6 46.1 33.1 323  —010 1133
VULinkage group.

?Start and end positions of each QTL region.
¥Peak position of the LOD value of each QTL.
YRelative effect of Peking allele compared with Tamahomare allele.
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Table 2. Locations and effects of QTLs for j3 -conglycinin, glycinin and total protein contents detected in PT-RIL population

K7 1 A2 70.5 86.7 79.5 5.15 0.26 16.33
K7 2 A2 122.7 128.9 123.7 2.46 0.15 5.30
K7 3 A2 139.9 140.9 139.9 2.08 0.14 4.45
Kyoto K7 4 Dla 53.1 72.0 60.9 3.82 0.21 9.39
K75 Dlb 26.0 41.2 34.5 2.68 0.19 8.49
K7 6 I 384 71.9 58.4 8.91 —0.32 25.26
K77 0 122.5 145.3 138.9 3.78 —0.22 10.54
071 Bl 125.8 146.9 135.7 2.51 0.24 7.95
A-conglycinin Osaka 072 C2 113.5 118.2 116.0 2.30 0.23 6.55
content 07.3 Dla 120.4 137.8 127.9 2.96 0.29 11.80
07 4 I 63.9 87.8 74.6 5.80 —0.35 17.75
N7 1 Al 40.7 71.8 66.8 5.00 —0.31 15.03
N72 C2 102.3 129.9 113.5 4.96 0.30 13.18
N7 3 Dlb 103.9 106.7 105.7 2.27 —0.19 5.13
Nagano N7 4 G 88.8 92.9 91.3 2.17 0.19 549
N7.5 G 95.8 101.8 98.8 2.07 0.20 6.45
N7 6 I 53.2 574 56.2 2.11 —0.20 5.52
N7.7 0 28.1 53.7 46.2 3.19 —0.23 8.13
K11 1 C2 69.4 73.0 72.0 2.12 0.21 5.22
Kii1 2 E 9.7 40.5 27.0 4.69 0.34 13.78
K11 3 I 53.2 70.4 56.9 2.79 0.25 7.03
Kyoto K11 4 I 53.2 704 64.9 2.34 0.26 8.26
K115 K 0.0 8.6 4.5 3.01 —0.26 7.81
K11 6 L 97.9 114.5 105.4 2.96 —0.24 6.66
Glycinin K117 0 35 35.1 24.6 4.34 0.31 11.15
content Osaka OI1_1 Bl 88.2 105.3 100.8 3.50 0.48 11.58
011 2 E 28.0 47.3 40.5 4.54 0.56 15.36
NII 1 A2 39.3 63.3 52.9 6.16 0.39 15.08
NI1I 2 C2 98.8 1294 111.9 6.00 0.41 15.77
Nagano NI1.3 G 150.9 159.9 153.9 2.26 —0.26 6.56
NII1 4 I 59.9 60.4 60.4 2.05 0.22 4.25
NII 5 I 96.1 101.2 99.1 2.30 0.23 5.31
NIL 6 0 11.0 40.6 24.6 7.54 0.45 19.38
KP 1 Bl 133.2 135.7 134.7 2.05 0.42 6.87
Kyoto KP 2 C2 68.4 77.6 73.0 2.67 0.45 8.17
KP 3 E 25.0 49.8 36.5 3.90 0.64 16.49
KP 4 G 1474 159.9 159.9 5.06 —0.65 16.63
OP_1 A2 38.3 62.3 48.8 4.90 0.98 12.48
Osaka OP 2 C2 102.8 127.9 117.7 5.60 1.15 16.46
Total OP 3 Dla 121.9 139.3 134.8 342 0.79 8.62
protein OP 4 E 37.0 44.5 41.0 242 0.65 6.06
content NP_I Al 64.8 67.3 65.8 2.05 —0.60 4.75
NP 2 A2 38.3 63.3 48.8 5.13 0.94 11.68
NP 3 A2 62.3 63.3 62.3 2.87 0.72 742
Nagano NP 4 C2 98.8 129.9 116.7 9.09 141 24.25
NP 5 Dla 134.8 134.8 134.8 2.01 0.54 4.11
NP 6 E 5.0 14.2 9.7 2.81 0.65 5.97
NP 7 K 5.6 8.1 6.6 2.03 —0.55 4.25
Y Linkage group.

2 Start and end positions of each QTL region.
9 Peak position of the LOD value of each QTL.
¥ Relative effect of Peking allele compared with Tamahomare allele.
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