Table S1. Geographic coordinates, climate and soil information of the field locations.
	Location
	Latitude

(North)
	Longitude

(West)
	Altitude

(meters)
	Average Annual

Temperature

(ºC)
	Total Annual

Precipitation (mm)
	Soil Type

	
	
	
	
	
	
	

	Corpus Christi
	27.778795
	-97.560760
	  13.40
	24.33
	478.80
	Orelia clay loam

	Halfway
	34.184554
	 -101.946039
	1027.20
	16.61
	270.00
	Pullman clay loam

	Weslaco
	26.205061
	-97.947289
	  22.90
	24.38
	344.17
	Hidalgo sandy clay


Table S2. NIR calibration curve statistics for the prediction of fat, fiber, starch, and protein content in sorghum grain.

	Constituent
	N
	Range
	Mean
	SD
	SEC
	R-square
	SECV
	1-VR

	Fat (%)
	109
	1.83-4.90
	  3.37
	0.51
	 0.10
	0.96
	0.13
	0.94

	Fiber (%)
	116
	1.18-2.26
	  1.72
	0.18
	0.11
	0.60
	0.12
	0.54

	Starch (%)
	110
	63.28-70.68
	66.98
	1.23
	 0.30
	0.94
	0.33
	0.93

	Protein (%)
	110
	  5.29-15.54
	10.42
	1.71
	0.33
	0.96
	0.41
	0.94


N, sample size; SD, standard deviation; SEC, standard error of calibration; SECV, standard error in cross-validation; 

1-VR, coefficient of determination for cross-validation.

Table S3. Phenotypic trait values for parental inbreds Sureño and RTx430 and the derived F2:7 RILs evaluated in different environments and averaged across all environments. Values represent means of the parents and RILs, minimum and maximum trait values, standard deviation (SD), and coefficient of variation (CV) of the RILs.
	Environment†
	Trait‡
	Parents
	
	                           RILs
	

	
	
	  Sureño
	RTx430
	
	Mean
	    Min.
	    Max.
	    SD
	CV (%)

	CC
	Fat 
	2.63 x§
	2.54 x
	
	      2.90 x
	      1.77
	      3.82
	    0.30
	10.34

	HW
	Fat
	1.90 y
	2.34 x
	
	      2.28 y
	      1.04
	      3.12
	    0.31
	13.60

	WE
	Fat
	2.56 x
	2.75 x
	
	      2.94 x
	      1.78
	      3.88
	    0.31
	10.54

	Combined
	Fat
	2.36
	2.54
	
	      2.71
	      1.04
	      3.88
	    0.43
	15.87

	CC
	Fiber
	1.94 x
	1.83 x
	
	      1.84 x
	      1.17
	      2.10
	    0.11
	5.98

	HW
	Fiber
	1.71 y
	1.78 x
	
	      1.80 y 
	      1.48
	      2.05
	    0.10
	5.56

	WE
	Fiber
	1.97 x
	1.83 x
	
	      1.85 x
	      1.40
	      2.08
	    0.10
	5.41

	Combined
	Fiber
	1.87
	1.82
	
	      1.83
	      1.17
	      2.10
	    0.10
	5.46

	CC
	Protein
	13.66 x
	12.50 x
	
	    12.86 x
	      9.99
	    15.04
	    0.93
	7.23

	HW
	Protein
	11.09 y
	10.93 x
	
	    11.19 y
	      8.85
	    13.12
	    0.75
	6.70

	WE
	Protein
	12.50 xy
	11.36 x
	
	    11.18 y
	      7.73
	    15.05
	    1.40
	12.52

	Combined
	Protein
	12.42
	11.59
	
	    11.75
	      7.73
	    15.05
	    1.32
	11.23

	CC
	Starch
	64.59 x
	64.87 x
	
	    65.09 y
	    63.37
	    67.32
	    0.78
	1.20

	HW
	Starch
	66.31 x
	66.18 x
	
	    66.01 x
	    63.81
	    68.31
	    0.83
	1.26

	WE
	Starch
	65.21 x
	65.57 x
	
	    66.05 x
	    62.78
	    69.00
	    1.15
	1.74

	Combined
	Starch
	65.37
	65.54
	
	    65.71
	    62.78
	    69.00
	    1.03
	1.57

	CC
	IE
	12.21 y
	NA¶
	
	    17.67 y
	      5.40
	    30.48
	    4.58
	25.92

	HW
	IE
	24.47 x
	21.00
	
	    25.02 x
	      9.98
	    48.25
	    6.55
	26.18

	Combined
	IE
	18.34
	NA
	
	    21.71
	      5.40
	    48.25
	    6.81
	31.37

	CC
	OE
	47.01 x
	NA
	
	    45.19 x
	    32.06
	    72.21
	    6.94
	15.36

	HW
	OE
	34.03 x
	39.52
	
	    37.86 y
	    13.40
	    61.25
	    7.35
	19.41

	Combined
	OE
	40.52
	NA
	
	    41.18
	    13.40
	    72.21
	    8.03
	19.50

	CC
	EMB
	40.78 x
	NA
	
	    37.14 x
	    13.19
	    57.00
	    6.53
	17.58

	HW
	EMB
	41.50 x
	39.49
	
	    37.12 x
	    20.78
	    54.80
	    6.05
	16.30

	Combined
	EMB
	41.14
	NA
	
	    37.11 
	    13.19
	    57.00
	    6.27
	16.90

	CC
	TA
	4033.25 y 
	NA
	
	4934.00 y
	3612.00
	6507.00
	561.45
	11.38

	HW
	TA
	5084.50 x
	5751.00
	
	5264.00 x
	3644.00
	6925.00
	572.31
	10.87

	Combined
	TA
	4558.88
	NA
	
	5116.00
	3612.00
	3925.00
	591.01
	11.55


† CC, Corpus Christi; HW, Halfway; WE, Weslaco.

‡ All trait values are measured as a percentage except TA.  IE, area of inner floury endosperm; OE, area of outer 

  vitreous endosperm; EMB, area of embryo; TA, total area of kernel in pixels.
§ Means followed by different letters in the same column are significantly different between environments at 
  P < 0.05.
¶ Data not available.
Table S4. Top ten performing RILs for grain compositional traits in combined environments and their corresponding ranks in individual environments.
	FAT

	
	  COMBINED
	
	          CC†
	
	          HW
	
	         WE
	
	SUM

	RIL
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	OF RANKS

	28
	1
	3.282
	
	1
	3.780
	
	34
	2.395
	
	2
	3.671
	
	37

	69
	2
	3.279
	
	2
	3.541
	
	2
	2.766
	
	3
	3.531
	
	7

	39
	3
	3.199
	
	20
	3.125
	
	-
	-
	
	11
	3.273
	
	-

	98
	4
	3.063
	
	56
	2.907
	
	-
	-
	
	14
	3.220
	
	-

	65
	5
	3.027
	
	35
	3.040
	
	44
	2.344
	
	1
	3.696
	
	80

	74
	6
	2.998
	
	4
	3.354
	
	57
	2.286
	
	8
	3.354
	
	69

	66
	7
	2.996
	
	37
	3.028
	
	1
	2.837
	
	27
	3.122
	
	65

	43
	8
	2.993
	
	6
	3.311
	
	16
	2.513
	
	22
	3.156
	
	44

	96
	9
	2.981
	
	42
	2.999
	
	-
	-
	
	55
	2.946
	
	-

	20
	10
	2.953
	
	13
	3.180
	
	56
	2.286
	
	5
	3.392
	
	74

	FIBER

	
	  COMBINED
	
	          CC
	
	          HW
	
	         WE
	
	SUM

	RIL
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	OF RANKS

	47
	1
	1.985
	
	2
	2.026
	
	11
	1.889
	
	2
	2.039
	
	15

	81
	2
	1.956
	
	16
	1.941
	
	-
	-
	
	10
	1.971
	
	-

	119
	3
	1.949
	
	3
	2.025
	
	65
	1.773
	
	1
	2.048
	
	69

	122
	4
	1.947
	
	20
	1.921
	
	-
	-
	
	8
	1.974
	
	-

	73
	5
	1.945
	
	1
	2.084
	
	19
	1.855
	
	35
	1.895
	
	55

	123
	6
	1.930
	
	12
	1.954
	
	14
	1.873
	
	12
	1.962
	
	38

	69
	7
	1.926
	
	6
	1.988
	
	23
	1.844
	
	16
	1.947
	
	45

	74
	8
	1.925
	
	13
	1.945
	
	4
	1.939
	
	39
	1.890
	
	56

	17
	9
	1.922
	
	4
	2.019
	
	43
	1.813
	
	19
	1.935
	
	66

	139
	10
	1.920
	
	10
	1.971
	
	28
	1.838
	
	15
	1.951
	
	53

	PROTEIN

	
	   COMBINED
	
	          CC
	
	          HW
	
	         WE
	
	SUM

	RIL
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	OF RANKS

	39
	1
	13.618
	
	4
	14.468
	
	-
	-
	
	11
	12.768
	
	-

	33
	2
	13.469
	
	5
	14.387
	
	11
	11.913
	
	2
	14.108
	
	18

	69
	3
	13.271
	
	3
	14.483
	
	88
	10.726
	
	1
	14.606
	
	92

	110
	4
	13.043
	
	8
	14.122
	
	42
	11.381
	
	5
	13.625
	
	55

	116
	5
	12.979
	
	2
	14.718
	
	59
	11.188
	
	9
	13.032
	
	70

	64
	6
	12.906
	
	14
	13.811
	
	60
	11.185
	
	4
	13.723
	
	78

	78
	7
	12.792
	
	1
	14.909
	
	98
	10.429
	
	8
	13.039
	
	107

	35
	8
	12.784
	
	9
	14.119
	
	6
	12.004
	
	21
	12.231
	
	36

	98
	9
	12.667
	
	11
	13.900
	
	-
	-
	
	44
	11.434
	
	-

	61
	10
	12.658
	
	24
	13.532
	
	66
	11.087
	
	6
	13.355
	
	96

	STARCH

	
	   COMBINED
	
	          CC
	
	          HW
	
	         WE
	
	SUM

	RIL
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	OF RANKS

	43
	1
	67.076
	
	14
	65.901
	
	2
	67.610
	
	6
	67.716
	
	22

	146
	2
	66.829
	
	11
	65.961
	
	42
	66.184
	
	3
	68.342
	
	56

	131
	3
	66.697
	
	-
	-
	
	6
	66.979
	
	43
	66.415
	
	-

	95
	4
	66.636
	
	2
	66.225
	
	98
	65.167
	
	2
	68.515
	
	102

	120
	5
	66.632
	
	3
	66.195
	
	44
	66.181
	
	8
	67.521
	
	55

	55
	6
	66.614
	
	40
	65.298
	
	13
	66.752
	
	4
	67.792
	
	57

	102
	7
	66.608
	
	19
	65.713
	
	16
	66.648
	
	9
	67.462
	
	44

	31
	8
	66.573
	
	10
	65.996
	
	17
	66.635
	
	18
	67.089
	
	45

	133
	9
	66.455
	
	-
	-
	
	64
	65.813
	
	16
	67.097
	
	-

	134
	10
	66.411
	
	5
	66.189
	
	20
	66.577
	
	40
	66.467
	
	65


† CC, Corpus Christi; HW, Halfway; WE, Weslaco.

Table S5. Top ten performing RILs for grain structural traits in combined environments and their corresponding ranks in individual environments.
	AREA OF INNER FLOURY ENDOSPERM

	
	     COMBINED
	
	            CC†
	
	             HW
	
	SUM

	RIL
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	OF RANKS

	94
	1
	31.02
	
	1
	27.26
	
	1
	32.90
	
	2

	69
	2
	28.27
	
	7
	21.71
	
	6
	31.55
	
	13

	146
	3
	27.59
	
	5
	22.65
	
	2
	32.53
	
	7

	53
	4
	27.57
	
	17
	20.95
	
	8
	30.88
	
	25

	75
	5
	27.49
	
	4
	24.16
	
	9
	30.83
	
	13

	43
	6
	26.45
	
	2
	24.55
	
	25
	27.39
	
	27

	107
	7
	26.02
	
	16
	20.99
	
	18
	28.54
	
	34

	80
	8
	25.61
	
	6
	21.92
	
	15
	29.29
	
	21

	142
	9
	25.48
	
	9
	21.54
	
	13
	29.42
	
	22

	36
	10
	25.39
	
	23
	20.35
	
	11
	30.44
	
	34

	AREA OF OUTER VITREOUS ENDOSPERM

	
	     COMBINED
	
	            CC
	
	            HW
	
	SUM

	RIL
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	OF RANKS

	101
	1
	50.18
	
	24
	48.55
	
	1
	51.81
	
	25

	97
	2
	48.94
	
	31
	47.26
	
	2
	49.78
	
	33

	76
	3
	48.45
	
	8
	52.70
	
	11
	44.20
	
	19

	127
	4
	48.32
	
	2
	55.61
	
	14
	42.86
	
	16

	91
	5
	48.06
	
	13
	50.62
	
	3
	46.78
	
	16

	115
	6
	47.26
	
	9
	52.59
	
	29
	40.15
	
	38

	122
	7
	46.98
	
	6
	52.83
	
	15
	42.60
	
	21

	118
	8
	46.89
	
	5
	54.33
	
	22
	41.31
	
	27

	29
	9
	46.11
	
	34
	47.00
	
	5
	45.21
	
	39

	133
	10
	46.04
	
	29
	47.30
	
	7
	44.79
	
	36

	AREA OF EMBRYO

	
	     COMBINED
	
	            CC
	
	            HW
	
	SUM

	RIL
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	OF RANKS

	41
	1
	44.94
	
	5
	45.85
	
	4
	44.25
	
	9

	26
	2
	43.19
	
	13
	41.47
	
	1
	44.92
	
	14

	47
	3
	43.13
	
	25
	39.55
	
	2
	44.91
	
	27

	60
	4
	43.02
	
	2
	47.21
	
	15
	40.93
	
	17

	79
	5
	42.64
	
	12
	41.68
	
	6
	43.61
	
	18

	119
	6
	42.31
	
	3
	47.17
	
	21
	39.88
	
	24

	137
	7
	42.10
	
	22
	39.81
	
	7
	43.25
	
	29

	53
	8
	41.90
	
	4
	45.85
	
	20
	39.93
	
	24

	38
	9
	40.95
	
	32
	38.08
	
	11
	42.39
	
	43

	31
	10
	40.85
	
	23
	39.79
	
	12
	42.28
	
	35

	TOTAL AREA OF KERNEL

	
	     COMBINED
	
	            CC
	
	            HW
	
	SUM

	RIL
	RANK
	MEAN
	
	RANK
	MEAN
	
	RANK
	MEAN
	
	OF RANKS

	17
	1
	6241.00
	
	4
	5828.00
	
	1
	6447.50
	
	5

	26
	2
	6202.38
	
	1
	5971.25
	
	2
	6433.50
	
	3

	105
	3
	6083.00
	
	2
	5948.00
	
	3
	6150.50
	
	5

	69
	4
	5890.67
	
	6
	5727.50
	
	6
	5972.25
	
	12

	84
	5
	5820.57
	
	13
	5553.67
	
	5
	6020.75
	
	18

	116
	6
	5790.57
	
	9
	5604.25
	
	4
	6039.00
	
	13

	42
	7
	5717.17
	
	15
	5528.50
	
	12
	5811.50
	
	27

	74
	8
	5665.00
	
	7
	5684.50
	
	18
	5655.25
	
	25

	89
	9
	5657.75
	
	16
	5423.00
	
	10
	5892.50
	
	26

	47
	10
	5652.83
	
	3
	5929.00
	
	26
	5514.75
	
	29


† CC, Corpus Christi; HW, Halfway.
Table S6. Co-localization of quantitative trait loci (QTL) reported in published studies with QTL detected in the Sureño × RTx430 RIL population. 

	Trait†
	Population‡
	Population size
	Environment§
	Chromosome
	QTL  Interval 
	QTL Peak  
	Reference

	
	
	
	
	
	(Mbp)
	(Mbp)
	

	Fiber
	Sureño/ RTx430
	113
	CC-2012
	2
	61.21-61.67
	61.58
	

	Protein
	BTx642/BTxARG-1
	191
	SC, TX-2015
	2
	60.82-73.41
	63.14-63.15
	Boyles et al. 2017 

	Fat
	BTx642/BTxARG-1
	191
	TX-2014
	2
	61.96-63.87
	63.35
	Boyles et al. 2017 

	
	
	
	
	
	
	
	

	IE
	Sureño/ RTx430
	113
	CC, HW-2012,  Combined
	3
	69.87-71.74
	70.23-71.74
	

	OE
	Sureño/ RTx430
	113
	HW-2012, Combined
	3
	69.87-71.92
	70.23
	

	Protein
	BTxARG-1/P850029
	279
	SC-2014
	3
	70.60-70.94
	70.72
	Boyles et al. 2017 

	Kernel Hardness
	Sureño/ RTx430
	115
	CC-2012
	3
	70.22-72.76
	71.90
	Pugh et al. 2017b

	
	
	
	
	
	
	
	

	Fiber
	Sureño/ RTx430
	113
	WE-2012, Combined
	4
	56.50-59.56
	57.6-58.83
	

	EMB 
	Sureño/ RTx430
	113
	CC-2012
	4
	59.56-60.72
	59.75
	

	Fat
	SAP
	265
	Combined
	4
	57.40-60.07
	57.6-57.7
	Rhodes et al. 2017

	Protein
	SAP
	265
	Combined
	4
	57.40-60.07
	57.6-57.7
	Rhodes et al. 2017

	Starch
	Diverse Panel
	269
	KS-2007
	4
	57.43-60.16
	-
	Sukumaran et al. 2012

	
	
	
	
	
	
	
	

	Fiber
	Sureño/ RTx430
	113
	CC-2012
	4
	62.27-63.16
	62.96
	

	Expansion Ratio
	Sureño/ RTx430
	115
	HW-2012
	4
	62.79-63.78
	63.20
	Pugh et al. 2017b

	Kernel Flouriness
	IS2807/249
	90
	BF-1995
	4
	61.63-62.57
	-
	Rami et al. 1998

	
	
	
	
	
	
	
	

	Starch
	Sureño/ RTx430
	113
	HW-2012
	5
	1.47-2.05
	1.59
	

	Protein
	BTx642/BTxARG-1
	191
	SC-2014
	5
	0.44-1.62
	1.42
	Boyles et al. 2017 

	
	
	
	
	
	
	
	

	Fat
	Sureño/ RTx430
	113
	HW-2012, Combined
	6
	41.38-42.64
	42.41-42.44
	

	Protein
	BTxARG-1/P850029
	279
	TX-2015
	6
	6.56-44.05
	41.45
	Boyles et al. 2017 

	Starch
	BTxARG-1/P850029
	279
	SC, TX-2015
	6
	1.61-44.09
	42.83
	Boyles et al. 2017 

	
	
	
	
	
	
	
	

	Fat
	Sureño/ RTx430
	113
	HW-2012
	6
	47.51-48.82
	47.57
	

	Fat
	BTxARG-1/P850029
	279
	SC-2014
	6
	45.75-48.61
	48.61
	Boyles et al. 2017 

	
	
	
	
	
	
	
	

	Fat
	Sureño/ RTx430
	113
	WE-2012
	7
	54.99-55.44
	55.22
	

	Fiber
	Sureño/ RTx430
	113
	CC-2012
	7
	54.99-55.44
	55.22
	

	Kernel Weight
	Sureño/ RTx430
	115
	CC-2012
	7
	54.83-55.22
	54.90
	Pugh et al. 2017b

	
	
	
	
	
	
	
	

	Starch
	Sureño/ RTx430
	113
	CC-2012
	7
	59.72-60.00
	59.87
	

	Kernel Friability
	IS2807/249
	90
	BF-1995
	7
	59.52-61.33
	-
	Rami et al. 1998

	
	
	
	
	
	
	
	

	Starch
	Sureño/ RTx430
	113
	CC-2012
	9
	54.32-56.8
	54.72
	

	Kernel Weight
	Sureño/ RTx430
	115
	WE-2012
	9
	54.32-55.16
	54.70
	Pugh et al. 2017b

	
	
	
	
	
	
	
	

	Starch
	Sureño/ RTx430
	113
	WE-2012, Combined
	10
	7.51-8.48
	7.77
	

	Protein
	Sureño/ RTx430
	113
	WE-2012, Combined
	10
	7.51-8.48
	7.77
	

	Kernel Hardness
	Diverse Panel
	287
	KS,IN-2007, 2008
	10
	7.79-8.33
	-
	Sukumaran et al. 2012

	Expansion Ratio
	Sureño/ RTx430
	115
	HW-2012
	10
	7.42-8.48
	7.80
	Pugh et al. 2017b

	Starch
	BTx642/BTxARG-1
	191
	SC, TX-2015
	10
	1.80-53.79
	8.54-8.63
	Boyles et al. 2017 

	
	
	
	
	
	
	
	

	IE
	Sureño/ RTx430
	113
	CC-2012
	10
	51.24-52.12
	51.47
	

	Fat
	BTx642/BTxARG-1
	191
	SC-2014; SC,TX-2015
	10
	7.79-56.91
	50.12-51.41
	Boyles et al. 2017 


† IE, area of inner floury endosperm; OE, area of outer vitreous endosperm; EMB, area of embryo.

‡ SAP, Sorghum accession panel.

§ Location and year in which the QTL was detected. CC, Corpus Christi; SC, South Carolina (Florence); TX, Texas (College Station); HW, Halfway; WE, Weslaco; KS, Kansas (Manhattan); BF, Burkina Faso; IN, Indiana (West Lafayette); Combined, average value of all environments.
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