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according to normal, white core, and opaque morphologies.
F1

(♀) × (♂) Translucent White core Opaque Total χ2 (12:3:1)

e1  (ss3a ) × e8  (ss4b ) Translucent 140 29 10 179 0.99*

e1  (ss3a ) × e14  (ss4b ) Translucent 113 30 11 154 0.29*

*Significant at 0.1 % level.

Cross combination Segregation in F2

Supplemental Table S1. Segregation of F2 seeds derived from a cross between ss3a and ss4b  mutants
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Supplemental Table 2. Log2-fold changes in the lipid profiles of bran and polished rice grains from wild-type
 (Nipponbare) and ss3a ss4b  (#2012 ).

Id
Annotation

level
Synonym Line no

Log2-fold change
(#2012  vs. Nip)

FDR (#2012
vs. Nip)

Log2-fold change
(#2012  vs. Nip)

FDR (#2012  vs.
Nip)

100 A lysoPC_16:0 ([M+H]+) LIPID_88 -0.16 0.5286 1.59 0.0000
103 A lysoPC_18:0 ([M+H]+) LIPID_112 0.54 0.0062 2.60 0.0000
104 A lysoPC_18:1 ([M+H]+) LIPID_113 0.12 0.5261 1.68 0.0000
105 A lysoPC_18:2 ([M+H]+) LIPID_114 -0.09 0.7604 0.57 0.0295
109 A DAG_34:1 ([M+NH4]+) LIPID_169 ND ND ND ND
110 A DAG_34:2 ([M+NH4]+) LIPID_170 ND ND ND ND
111 A DAG_34:3 ([M+NH4]+) LIPID_171 ND ND ND ND
113 A DAG_36:2 ([M+NH4]+) LIPID_182 ND ND ND ND
114 A DAG_36:3 ([M+NH4]+) LIPID_184 -0.75 0.0011 2.39 0.0000
115 A DAG_36:4 ([M+NH4]+) LIPID_187 ND ND ND ND
116 A DAG_36:5 ([M+NH4]+) LIPID_189 -0.61 0.0422 2.74 0.0000
117 A DAG_36:6 ([M+NH4]+) LIPID_190 -0.42 0.4153 2.63 0.0037
118 A DAG_36:1 ([M+NH4]+) LIPID_212 ND ND ND ND
119 A PE_34:2 ([M+H]+) LIPID_214 -1.46 0.0002 1.97 0.0000
120 A PE_34:3 ([M+H]+) LIPID_215 -0.24 0.5843 -0.17 0.5879
122 A PE_36:6 ([M+H]+) LIPID_231 -0.50 0.8246 -2.91 0.1189
123 A PE_34:1 ([M+H]+) LIPID_243 -1.55 0.0001 2.11 0.0000
125 A PC_34:6 ([M+H]+) LIPID_246 ND ND ND ND
126 A PE_36:2 ([M+H]+) LIPID_253 ND ND ND ND
127 A PE_36:3 ([M+H]+) LIPID_257 ND ND ND ND
128 A PE_36:4 ([M+H]+) LIPID_259 -1.20 0.0002 2.17 0.0000
129 A PE_36:5 ([M+H]+) LIPID_260 0.11 0.6969 0.27 0.2983
130 A PG_34:1 ([M+NH4]+) LIPID_262 -1.01 0.0420 2.02 0.0020
131 A MGDG_34:5 ([M+NH4]+) LIPID_263 ND ND ND ND
132 A PG_34:2 ([M+NH4]+) LIPID_264 -1.28 0.0247 1.71 0.0029
133 A MGDG_34:6 ([M+NH4]+) LIPID_265 0.06 0.9535 -1.19 0.1072
134 A PG_34:3 ([M+NH4]+) LIPID_266 ND ND ND ND
135 A PC_34:1 ([M+H]+) LIPID_268 -1.66 0.0000 1.78 0.0000
136 A PG_34:4 ([M+NH4]+) LIPID_269 1.05 0.1171 -0.94 0.0913
137 A PC_34:2 ([M+H]+) LIPID_270 -1.58 0.0001 1.81 0.0000
138 A PC_34:3 ([M+H]+) LIPID_273 -0.92 0.0059 1.14 0.0010
139 A PC_34:4 ([M+H]+) LIPID_274 ND ND ND ND
140 A PC_34:5 ([M+H]+) LIPID_276 ND ND ND ND
141 A PC_36:6 ([M+H]+) LIPID_279 -0.55 0.1382 -0.69 0.0504
142 A MGDG_34:1 ([M+NH4]+) LIPID_282 ND ND ND ND
143 A MGDG_34:2 ([M+NH4]+) LIPID_284 ND ND ND ND
144 A MGDG_34:3 ([M+NH4]+) LIPID_286 ND ND ND ND
146 A MGDG_34:4 ([M+NH4]+) LIPID_290 ND ND ND ND
148 A MGDG_36:6 ([M+NH4]+) LIPID_294 -1.71 0.0015 0.11 0.8132
149 A PC_36:1 ([M+H]+) LIPID_296 -1.48 0.0001 1.85 0.0000
150 A PC_36:2 ([M+H]+) LIPID_297 -1.69 0.0000 1.44 0.0000
151 A PC_36:3 ([M+H]+) LIPID_300 -1.60 0.0000 1.65 0.0000
152 A PC_36:4 ([M+H]+) LIPID_304 -1.51 0.0000 1.74 0.0000
153 A PC_36:5 ([M+H]+) LIPID_306 -1.52 0.1640 1.01 0.1940
154 A MGDG_36:4 ([M+NH4]+) LIPID_324 -2.21 0.0031 1.91 0.0112
155 A MGDG_36:5 ([M+NH4]+) LIPID_325 -1.92 0.0247 1.28 0.0256
156 A TAG_48:0 ([M+NH4]+) LIPID_327 -1.12 0.0000 2.51 0.0000

Bran Polished rice grains
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Supplemental Table 2. Log2-fold changes in the lipid profiles of bran and polished rice grains from wild-type
 (Nipponbare) and ss3a ss4b  (#2012 ). Continued.

Id
Annotation

level
Synonym Line no

Log2-fold change
(#2012  vs. Nip)

FDR (#2012  vs.
Nip)

Log2-fold change
(#2012  vs. Nip)

FDR (#2012  vs.
Nip)

157 A TAG_48:1 ([M+NH4]+) LIPID_328 -1.60 0.0000 2.30 0.0000
158 A TAG_48:2 ([M+NH4]+) LIPID_329 -2.09 0.0000 1.71 0.0000
161 A PC_38:3 ([M+H]+) LIPID_337 -1.94 0.0002 1.03 0.0092
162 A SQDG_34:2 ([M+NH4]+) LIPID_345 ND ND ND ND
163 A SQDG_34:3 ([M+NH4]+) LIPID_347 -0.52 0.7314 -1.12 0.2649
166 A PI_34:2 ([M+NH4]+) LIPID_362 -1.35 0.0001 1.54 0.0000
167 A TAG_50:1 ([M+NH4]+) LIPID_363 -1.27 0.0000 2.82 0.0000
168 A PI_34:3 ([M+NH4]+) LIPID_365 -0.28 0.5574 0.12 0.8488
169 A TAG_50:2 ([M+NH4]+) LIPID_367 -1.41 0.0000 2.49 0.0000
170 A TAG_50:3 ([M+NH4]+) LIPID_369 ND ND ND ND
171 A TAG_50:4 ([M+NH4]+) LIPID_370 -2.12 0.0000 1.52 0.0000
172 A SQDG_36:5 ([M+NH4]+) LIPID_385 ND ND ND ND
174 A SQDG_36:6 ([M+NH4]+) LIPID_388 -0.72 0.5933 0.29 0.7831
176 A TAG_52:1 ([M+NH4]+) LIPID_396 -1.14 0.0000 2.89 0.0000
177 A TAG_52:2 ([M+NH4]+) LIPID_398 -1.01 0.0000 2.37 0.0000
178 A TAG_52:3 ([M+NH4]+) LIPID_400 -0.90 0.0000 2.24 0.0000
179 A TAG_52:4 ([M+NH4]+) LIPID_401 -1.25 0.0000 2.36 0.0000
181 A TAG_52:5 ([M+NH4]+) LIPID_404 -1.13 0.0000 3.40 0.0000
182 A TAG_54:8 ([M+NH4]+) LIPID_406 -0.87 0.0006 3.87 0.0000
183 A TAG_54:9 ([M+NH4]+) LIPID_413 ND ND ND ND
184 A TAG_54:5 ([M+NH4]+) LIPID_424 -0.90 0.0000 2.24 0.0000
185 A TAG_54:6 ([M+NH4]+) LIPID_426 -1.41 0.0000 2.55 0.0000
186 A TAG_54:7 ([M+NH4]+) LIPID_429 -1.17 0.0001 3.30 0.0000
189 A TAG_54:1 ([M+NH4]+) LIPID_445 -1.35 0.0000 2.46 0.0000
190 A TAG_54:2 ([M+NH4]+) LIPID_449 -1.14 0.0000 2.58 0.0000
191 A TAG_54:3 ([M+NH4]+) LIPID_451 -0.93 0.0000 2.23 0.0000
192 A TAG_54:4 ([M+NH4]+) LIPID_453 -0.77 0.0000 2.20 0.0000
193 A DGDG_34:5 ([M+NH4]+) LIPID_471 ND ND ND ND
194 A TAG_56:5 ([M+NH4]+) LIPID_472 -1.73 0.0000 1.88 0.0000
195 A DGDG_34:6 ([M+NH4]+) LIPID_473 ND ND ND ND
196 A DGDG_34:1 ([M+NH4]+) LIPID_488 -0.30 0.3849 5.68 0.0000
197 A DGDG_34:2 ([M+NH4]+) LIPID_492 0.06 0.8701 4.73 0.0000
198 A DGDG_34:3 ([M+NH4]+) LIPID_496 -0.68 0.0247 1.57 0.0003
199 A DGDG_34:4 ([M+NH4]+) LIPID_500 ND ND ND ND
200 A TAG_56:4 ([M+NH4]+) LIPID_501 -1.37 0.0001 1.96 0.0000
201 A DGDG_36:6 ([M+NH4]+) LIPID_502 -0.90 0.0018 0.71 0.0044
202 A TAG_58:1 ([M+NH4]+) LIPID_520 -1.64 0.0000 2.36 0.0000
203 A DGDG_36:2 ([M+NH4]+) LIPID_522 ND ND ND ND
204 A TAG_58:2 ([M+NH4]+) LIPID_524 ND ND ND ND
205 A DGDG_36:3 ([M+NH4]+) LIPID_525 ND ND ND ND
206 A TAG_58:3 ([M+NH4]+) LIPID_527 -1.50 0.0000 2.08 0.0000
207 A DGDG_36:4 ([M+NH4]+) LIPID_528 ND ND ND ND
208 A TAG_58:4 ([M+NH4]+) LIPID_530 -1.65 0.0000 1.75 0.0000
209 A DGDG_36:5 ([M+NH4]+) LIPID_531 ND ND ND ND
210 A TAG_60:2 ([M+NH4]+) LIPID_540 ND ND ND ND
211 A TAG_60:3 ([M+NH4]+) LIPID_541 -1.59 0.0000 1.86 0.0000
212 A TAG_60:4 ([M+NH4]+) LIPID_542 -1.84 0.0000 1.45 0.0000
N =3 (analytical replications of polished seed powder and bran from 100 grains).
Identification/Annotation levels were determined according to Summuner et al. 2007. A, annotated (MSI-level 2).
ND, not detected; FDR, folse discovery rate; DAG, diacyl glycerol; DGDG, digalactosyldiacylglycerol; 
MGDG, monogalactosyldiacylglycerol; PC, phosphatidylcholine; PE, phosphatidylethanolamine; 
PG, phosphatidylglycerol; PI, phosphatidylinositol; SQDG, sulfoquinovosyl diacylglycerol; TAG, triacylglycerol.
Pink and Blue-shaded, |log2-fold change (#2012  vs. Nip)| ≤ 1 and FDR  < 0.05.

Bran Polished rice grains
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Supplemental Table S4.Composition of carbohydrate content (weight %) in endosperm starch fractions
separated by gel filtration chromatography (Toyopearl HW55S/HW50S x 3).

Frac. Ia Frac. II Frac. III TACe III/II
(%) (%) (%) (%)

WT starchb 22.0±0.3d, ** 20.0±0.2** 58.0±0.2** 20.8±0.3** 2.9±0.1**

(Nipponbare) amylopectinc 1.2±0.1c** 21.2±0.5** 57.6±0.4** 2.6±0.1**

ss3a starch 30.8±0.0* 12.7±0.1* 56.5±0.1* 27.9±0.2* 4.4±0.0*

amylopectin 2.9±0.2* 12.3±0.2* 54.8±0.3* 4.5±0.2*

ss4b starch 14.6±1.3*,** 22.5±0.5*,** 62.9±1.4*,** 13.1±1.2** 2.8±0.1**

(e8 ) amylopectin 1.5±0.0** 19.2±0.6** 59.4±0.6** 3.1±0.2*,**

ss4b starch 11.9±2.0*,** 23.4±0.1*,** 64.7±1.9*,** 10.5±1.9*,** 2.7±0.1**

(e14 ) amylopectin 1.4±0.0** 20.4±0.2** 61.1±0.2*,** 3.0±0.1*,**

ss3a/ss4b starch 33.3±0.3*,** 11.4±0.1*,** 55.4±0.3*,** 30.3±0.3*,** 4.9±0.1*,**

(#2012 ) amylopectin 2.9±0.1* 11.1±0.1*,** 56.0±0.1** 5.0±0.1*

ss3a/ss4b starch 33.6±0.7* 11.2±0.2*,** 55.2±0.9* 29.8±0.6*,** 5.0±0.2*,**

(#2013 ) amylopectin 3.8±0.2*,** 11.0±0.5* 60.1±0.4*,** 5.0±0.2*

aThree fractions (Fr. I, II and III) were divided at the valleys of the carbohydrate content curve
equipped with refractive index detectors (Figure 2 and Supplemental Figure S3C).
bTotal carbohydrate content was 100 %.
cThe amylopectin area for Fr. II and Fr. III were superimposed on those of starch, and
the amount of the amylopectin Fr. I (extra-long chain) was calculated.
dMean±SE of at least three replications.
eTrue amylose content=apparent amylose content (Fr. I of starch) – extra-long chains
(Fr. I of amylopectin).
*Significant differences between WT and mutant lines by t -test at P <0.05.
**Significant differences between ss3a  and other lines by t -test at P <0.05.

Line
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