1. Image import
DCM cross-section images were imported
into Mimics Innovation Suite . Images were
displayed in three orthogonal views.

2. Initial segmentation
For each target tissue, “Threshold” and
“Contrast” were adjusted to select the S
corresponding density range. “Region
Growing” was used to separate the target
from the background and adjacent tissues.

3. Mask refinement
“Edit Masks” and “Morphology
Operation” were used to correct

boundaries, remove artifacts,

dilate dot arrays and fill holes.

6. Calculation and replication
Chalkiness degree, internal hollow volume
ratio and chalky rice rate were calculated
from the measured values. Thirty grains per
variety were processed independently, and
variety-level data are reported as mean + SD.

/N

5. Automatic measurement
Surface area and volume were
automatically read from “3D Properties”.
2D length, width, thickness and area were e
measured on cross-sections using the the
“Distance” tool and averaged

N

4. 3D reconstruction
“Calculate 3D” was applied to
reconstruct each finalized mask
into a 3D object.

Note: “Threshold selection”, “Region Growing”, “Edit Masks” and “Morphology Operation“ are semi-automatic and operator-dependent; “Calculate 3D* and “3D Properties” are

automatic. The same workflow and the same threshold range for each tissue type were used across all varieties.

Figure S1 Stepwise workflow of image import, semi-automatic segmentation, mask refinement, 3D reconstruction, and 2D/3D measurement used for rice quality trait quantification.

Table S1 Rice varieties in this study

No. Cultivar Husk color  Kernel color Feature Subspecies
Pl shanlan (black) yellow black upland rice Indica
P2 shanlan (red) yellow red upland rice Japonica
P3 rice landrace (black) yellow black conventional rice Japonica
P4 rice landrace (red) yellow red conventional rice Indica
P5 rice landrace (purple) yellow purple conventional rice Indica
P6 rice landrace (yellow) yellow red conventional rice Japonica
P7 rice germplasm (red) yellow red conventional rice Indica
P8 rice landrace (green) purple green conventional rice Japonica
P9 purple-leaf black rice yellow black conventional rice Indica
P10 purple-leaf blood glutinous rice purple purple black  conventional rice Japonica
d23 heng feng you zhi 903 yellow white conventional rice Indica
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Table S2 Qualification of the composite layer of pericarp, seed coat and aleurone

Surface-area (mm?)

Thickness (um)

Sample Volume (mm’) ventral dorsal upper lower
d23 68.66 +0.19 0.58 £0.11 54.55+1.01 50.03 £ 2.02 88.89 +13.20 54.30 £9.33
d24 47.71+2.79 0.21 £0.07 19.41+1.54 25.03+6.15 73.31+7.24 58.22+5.95
d25s 61.48 £1.55 0.37+0.09 32.09 £ 8.33 23.33£0.65 91.58 £ 12.20 41.45+1.50
d26 4498 +8.33 0.31+£0.08 30.17 £ 5.72 28.77 £4.25 75.57+11.50 38.92+5.98
d27 74.85 +£9.80 0.58 £0.12 34.23 £5.09 19.11 £ 8.01 88.22 +23.00 54.10 £ 6.47
d28 4723 +£2.83 0.15+0.02 31.50 £ 0.29 26.09 +1.53 55.32+3.01 30.77 £8.10
d29 4272 +3.16 0.24 £ 0.01 31.40+2.18 30.85+£1.54 49.66 = 10.00 20.63 £0.20
d30 50.07 £3.71 0.38 +£0.09 32.09 £4.31 27.04 + 0.67 71.63 £12.20 41.41+8.99
d31 52.66 +9.90 0.52 £0.17 59.48 £ 8.54 51.11+4.14 93.37+13.20 38.02+7.09
d32 42.65+0.16 0.21 £0.02 31.39+£3.22 31.01 £9.54 60.54 £ 0.91 40.95+2.20
d33 48.59+9.30 0.39+0.09 32.75+1.58 22.93+£9.78 103.77 £ 8.50 42.22+5.59
d34 51.48 +3.81 0.45+0.11 23.03£6.95 18.97 £1.02 87.54+0.91 43.87+9.29
d3s 43.59 +3.23 0.35+0.08 31.89£2.11 36.87 £2.53 99.78 £ 12.30 20.66 + 0.05
d36 40.08 £2.97 0.43 £0.03 31.11+1.07 26.54 +0.43 98.74 £ 11.20 40.21+3.29
d37 48.14 +£0.56 0.41 £0.05 33.30+1.74 38.60 £ 3.83 105.73 £2.98 43.10+8.93
d3s8 48.37+3.58 0.35+0.09 61.50 £9.23 2093 £1.55 100.01 +7.34 40.74 £0.23
d39 46.29 £3.43 0.27 £0.09 32.20+4.49 27.53 £3.69 82.20 £ 12.33 41.68 +8.09
d40 62.95+£3.11 042 +0.11 33.16 £2.74 23.38 £3.80 95.35+5.77 3291 +£5.05
d41 62.00 £3.85 0.48 £0.18 33.88+£5.05 38.36 £4.81 85.30+12.70 42.94 + 8.44
d42 66.72 £ 1.20 0.52 £ 0.08 40.20 £3.09 25.84 + 6.24 95.83 £13.54 39.06 +3.40
d43 48.22 +3.57 0.37+0.09 42.55+4.44 27.55+£2.66 72.20+3.33 41.66 +0.39
d44 43.42£3.22 0.27 £0.09 32.39+ 942 23.59 £6.62 42.49 +£12.38 21.74 £ 6.29
d45 50.47 +0.74 0.24 +£0.06 26.70 £3.69 20.89 £9.54 84.63 £10.21 34.53 +£7.58
d46 69.19 £ 4.97 0.36 £0.11 30.31+4.94 26.28 £2.33 97.42+£9.72 39.79 +£8.24
d47 39.46 £2.55 0.18£0.07 29.09 £ 0.66 21.37+6.14 5422 £11.33 18.41 £2.09
d48 45.07 £ 1.66 0.21 £0.02 38.07+5.21 24.32+£0.99 90.48 +£20.90 26.88 £7.11
d49 46.67 + 3.46 0.38+0.09 32.51+0.31 27.43 £ 1.66 71.82+9.20 41.54+0.28
dso 42.10£3.12 0.41+0.10 33.23+1.74 40.31 +6.88 95.33 £12.79 42.00 +8.39
ds1 47.13 +3.49 0.31+£0.02 50.19 £ 8.73 2570 +£0.24 95.57+1.53 38.91+1.05
ds2 62.85+591 0.67 £ 0.09 52.21+10.49 32.55+6.61 82.22 +£2.33 61.66 +6.33




SCL: surface-area of composite layer (mm?); VCL: volume of composite layer (mm?); VTCL: ventral thickness of composite layer (um); DTCL: dorsal thickness of (um) composite
layer; UTCL: upper thickness of composite layer (um); LTCL: lower thickness of composite layer (um).

Table S3 Quantitative analysis of quality traits in pigmented rice varieties

Sample P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
PL 7.87£0.18 7.41+£0.02 8.90 £0.25 8.91+£0.19 9.01 £0.37 6.92+0.16 8.29 £0.21 6.13+£0.14 8.74+£0.23 6.49+0.17
PW 1.77 £ 0.03 2.93+0.11 3.11£0.13 2.64 +0.09 2.50 +£0.08 326 £0.15 2.36 £0.07 346+0.16 2.49 +0.06 3.59+0.14
PH 2.32+£0.08 2.17+0.06 2.41+0.10 2.26 +0.07 1.98 £0.05 242 +0.11 2.06 £0.04 2.72+0.12 1.96 +£0.03 2.33+0.09
PS 73.83+10.73  86.54 +2.38 98.85+7.91 9295+11.22  99.68 +5.09 99.66 +9.32 92.22+1.12 75.55 +2.81 91.39+5.38 95.69 +£4.11
PV 12.89 +£3.01 20.90 +1.32 19.95 +4.01 1837+ 5.91 16.6 £2.33 16.43 +3.21 1591 +£1.76 16.66 +2.38 17.16 +2.21 18.47 +1.98
EL 1.29 £0.25 1.43+0.37 1.30+0.14 1.13£0.13 1.58 +£0.09 1.54 +0.28 1.25+0.07 1.44 +£0.16 1.42£0.15 1.27 £0.04
EW 1.10+0.14 1.24 £0.05 1.28£0.16 1.05+0.08 1.23 £0.25 1.08 +£0.13 1.22+0.34 1.22 +£0.09 1.08 £ 0.12 1.29+0.36
EH 0.74 £0.13 1.25+0.28 1.12+0.35 0.87+£0.02 1.08 £0.14 1.02 +0.09 0.92+0.19 1.20 +£0.37 1.03+0.13 1.22+0.36
ES 8.85+1.55 7.23+1.23 10.67 + 0.67 7.92+0.76 12.45+1.02 13.89+£0.95 10.12 + 0.83 12.78 £ 0.97 1434+ 0.21 6.08 £0.15
EV 0.26 £0.01 0.32+0.11 0.29 £0.04 0.21 £0.01 0.38 £0.06 0.35+0.05 0.27 £0.04 0.33+0.10 0.31+£0.09 0.25+0.03
CLS 48.70 £2.33 57.82+5.07 46.18 £3.45 61.13+9.21 50.12+2.11 49.81+1.34 68.57+7.09 63.56 £5.03 4545+ 1.77 48.14 +£3.98
CLV 0.93 £0.03 1.45+0.33 0.71 £0.15 0.78+0.19 0.78+£0.02 0.73£0.02 0.81+0.21 0.67+0.11 1.66 +£0.03 1.64 +0.29
TCV 92.34+3.21 108.92+9.87 85.67+4.12 7523 +£6.34 71.78 £1.45 77.65 +3.56 88.91 £5.67 64.32+4.23 106.89 £9.78 99.75 +3.89
TCD 88.45+1.89 72.67 +3.45 76.78 £ 2.34 55.12+4.56 69.87 + 1.67 57.34+2.12 58.45+£3.78  43.89+2.97 85.67+ 145 88.91 +2.67
TCU 12523 £845  82.45+9.67 68.90 +7.23 88.67+11.23  72.34+6.78 69.78+5.89 9234+1045 85.67+890 13645+15.67 134.56+11.89
TCL 9234+345 108.67+2.89 9523 +4.12 75.78 £ 3.67 81.56 +2.34 74.89 £ 3.78 82.45+2.67 66.78+2.45 116.34+13.89 123.67+13.23
Ccv 0.006 £0.000 0.162+0.077 0.028+0.010  0.033+0.012 0.003+0.000 0.020£0.009 0.015+£0.004 0.105+0.018 0.001 £+ 0.000 0.001 + 0.000
CD 0.04 +0.00 0.77+0.18 0.14 £0.02 0.18+0.01 0.02 +0.00 0.12+0.04 0.09+0.01 0.63+£0.21 0.01 =0.00 0.01 =0.00
CRR 10.00 90.00 40.00 23.33 6.67 30.00 16.67 63.33 6.67 36.67

Note: PL (mm), PW (mm), PH (mm), PS (mm?) and PV (mm?®) respectively represented the paddy grain length, paddy grain width, paddy grain height, paddy grain surface area and

paddy grain volume. EL (mm), EW (mm), EH (mm), ES (mm?) and EV (mm?®) respectively represented the embryo length, embryo width, embryo height, embryo surface area and



embryo volume. SCL (mm?), VCL (mm?®), VTCL (um), DTCL (um), UTCL (um) and LTCL (um) represented the surface area, volume, ventral thickness, dorsal thickness, upper
thickness and lower thickness of composite layer respectively. CV (mm?), CD (%) and CRR (%) respectively represented the chalkiness volume, chalkiness degree and chalky rice

rate.

Table S4 Paddy grain traits in 30 white rice cultivars

Sample PL PW PH PS PV BV HV
d23 850+220 3.02+031 194+0.14 71.05+1.02 1822+151 1621+124 11.05+1.21
d24 890+098 286+0.19 201+0.17 89.09+1034 23.23+1.85 2026159 12.80+0.06
d25 7.63+045 240+0.08 2.05+0.02 6136+695 14.92+0.23 1241+0.11 16.84+0.07
d26 861+152 260+0.11 2.05+047 7046+587 19.99+0.64 17.72+146 11.34+1.03
d27 836+099 254+0.10 2.09+026 7693+959 1931+0.76 17.55+032 9.10+£0.07
d28 8.62+1.01 283+0.12 197+007 7521+9.13 19.02+1.99 16.07+1.66 11.52+1.04
d29 978+025 236+029 1.83+006 6832+492 19.15+2.82 16.64+0.77 13.09+0.34
d30 826+0.17 253+0.10 1.70+0.05 7945+574 12.15+1.04 1095+020 9.90+1.06
d31 825+128 283+0.11 220+0.19 80.58+638 23.01+£0.94 2224+180 3.33+0.02
d32 795+0.16 249+0.08 201+036 70.11+411 15.89+133 1381+1.02 13.09+0.04
d33 1034+132 243+005 215+£0.04 7521+123 1842+1.62 1694+0.51 8.05+1.03
d34 780+0.15 2.67+0.10 1.86+025 64.87+258 15.56+0.09 1239+0.12 20.37+0.10
d3s 8.00+0.16 230+0.07 191+0.16 6508+232 13.93+1.39 11.84+1.03 14.98+1.11
d36 836+0.79 270+021 228+0.19 73.03+639 19.45+0.77 17.76+0.66 8.69+0.72
d37 856+020 2.65+0.10 194+0.07 6837+502 17.81+1.09 1540+142 13.53+1.23
d3s 793+£0.16 289=+0.12 197+017 63.09+834 17.23+1.61 14.13+139 18.01+145
d39 7794055 274+031 2.13+0.02 79.55+4.09 21.39+0.89 20.77+081 291+0.84
d40 8.66+021 276+032 208+005 75.05+421 2135+094 1945+1.70 8.89+1.12



d41

d42

d43

d44

d45

d46

d47

d48

d49

dso

dsi

ds2

821+0.18

10.55+1.31

9.16+0.23

7.35+0.64

7.97 +£0.66

8.53+0.20

10.58 £0.32

8.17+£0.17

8.20+0.17

9.19+1.20

843 +0.08

7.84+0.15

2.84+0.11

2.50+0.20

2.38+0.09

2.74+0.14

2.51+0.09

2.78+0.41

2.32+0.19

2.50+0.05

2.47+0.02

2.89+0.10

2.76+0.29

2.65+0.08

2.14+0.03

2.14+£0.08

1.80+0.06

2.04+0.01

2.18+0.22

2.38£0.09

2.05+0.07

2.18+0.13

2.24+0.08

2.14+0.22

224+0.17

2.66 +£0.06

64.53 £ 6.88

101.35+6.34

65.63+7.24

66.54 +4.09

72.69 £2.39

82.28+8.44

81.37+£3.26

72.27+4.03

67.74+5.05

74.17+5.14

89.32+4.32

7234+332

15.95+1.43

24.68 +1.02

17.90 £ 1.65

18.03 £ 0.50

19.01 £ 1.74

21.73 £0.93

21.67 £2.99

18.99 + 1.61

17.75 £ 1.55

19.37+1.54

16.59 £ 1.82

14.98 +0.23

13.21+£0.21

21.38+£0.94

16.51+0.50

15.42+0.43

16.76 £1.61

20.62 +0.87

17.88£0.74

18.24+0.51

14.81£1.11

16.69 +1.21

14.66 £1.55

12.99 £ 0.81

17.16+1.11

13.38+1.04

778 +1.22

1446 +0.34

11.84+1.32

5.12+£0.21

1750+ 1.0

3.93+0.89

16.55+1.34

13.82+2.18

11.65+0.13

13.87+0.37

Note: PL (mm), PW (mm), PH (mm), PS (mm?), PV (mm?), BV (mm?®) and IHV (mm?) represented the paddy grain length, paddy grain width, paddy grain height, paddy grain surface

area, paddy grain volume, brown rice volume and internal hollow volume respectively.



