Trait 1: the number of panicles per plant 
Table S1.  Cross-validation for determining hyperparameters (a, b) used in QTL mapping for the number of panicles per plant.
	Algorithm
	Parameters (a, b)
	PE ± STEa

	
	
	

	
	(0.01, 0.01)
	3.49 ± 0.04

	
	(0.1, 0.1)
	3.30 ± 0.03

	
	(0.5, 0.5)
	3.10 ± 0.03b

	EBlasso
	(1, 1)
	3.35 ± 0.07

	Full model
	(0.1, 0.5)
	3.33 ± 0.04

	
	(0.01, 0.5)
	3.31 ± 0.03

	
	(-0.001, 0.5)
	3.49 ± 0.06

	
	(0.5, 1)
	3.27 ± 0.05

	
	(0.5, 2)
	3.28 ± 0.03

	
	(0.5, 3)
	3.43 ± 0.07

	
	(0.01, 0.01)
	2.35 ± 0.10

	
	(0.1, 0.1)
	2.28 ± 0.08

	
	(1, 1)
	2.28 ± 0.09

	EBlasso
	(0.1, 0.5)
	2.28 ± 0.09

	Main model
	(0.01, 0.5)
	2.22 ± 0.08

	
	(-0.01, 0.5)
	2.14 ± 0.08b

	
	(-0.1, 0.5)
	2.31 ± 0.09

	
	(-0.2, 0.5)
	2.34 ± 0.10

	
	(-0.3, 0.5)
	2.35 ± 0.10

	
	(-0.01, 1)
	2.66 ± 0.11


aThe average PE and standard error were obtained from five-fold cross validation.

bThe optimal PE and its corresponding parameters used in QTL mapping.

Table S2.  Experimentally investigated genes near QTLs for the number of panicles per plant identified with the full model.
	Bin group (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	7,10,15,18,20(1,4.69-14.27)
	OsJAG/(1, 6.15)
	0.00
	1[]


	44(1, 35.09)
	Gn1a/(1, 30.72)
	4.37
	2[]


	54(1, 53.93)
	−
	−
	−

	64,69(1, 65.38-74.48)
	−
	−
	−

	104,123(1, 98.63-113.03)
	LOG/(1, 113.27)
	0.24
	3[]


	
	OsEF3/(1, 102.73)
	4.10
	4[]


	166,186, 192(1, 145.97-163.52)
	DWARF10/(1, 145.25)
	0.72
	5[]


	
	D10/(1, 145.25)
	0.72
	6[]


	199,208,213(1, 188.15-197.66)
	−
	−
	−

	220,227,229(2, 3.95-8.81)
	OsTEF1/(2, 13.87)
	5.07
	7[]


	
	qGY2-1/(2, 17.51)
	8.70
	8[]


	244,249(2, 32.37-36.31)
	−
	−
	−

	309(2, 82.78)
	RCN2/(2, 78.18)
	4.60
	9[]


	
	OsCIN1/(2, 82.78)
	0.00
	10[]


	
	PGL2/(2, 149.24)
	6.91
	11[]


	333,335, 349,354(2, 156.15-174.45)
	OsPIN1/(2, 148.00)
	8.14
	12[]


	
	OsGS1/(2, 146.32)
	9.83
	13[]


	
	TH1/(2, 174.45)
	0.00
	14[]


	
	OsDRM2/(3, 1.95)
	1.71
	15[]


	358,364, 371,372(3, 0.24-20.16)
	OsAPC6/(3, 22.66)
	2.50
	16[]


	
	TAD1/(3, 10.68)
	9.72
	
 ADDIN EN.CITE 
[17,18]


	
	PGL1/(3, 35.14)
	14.98
	19[]


	381(3, 40.64)
	D14/(3, 37.67)
	2.97
	6[]


	408,417,421(3, 69.50-84.18)
	−
	−
	−

	456(3, 99.54)
	GS3/(3, 94.72)
	4.82
	20[]


	
	OsPPKL1/(3, 114.95)
	15.42
	21[]


	517,518,520(3, 141.34-142.80)
	OsTB1/(3, 134.05)
	7.29
	6[]


	
	PAP2/(3, 152.25)
	9.45
	22[]


	
	DST/(3, 159.68)
	16.88
	23[]


	532,534(3, 178.71-180.67)
	−
	−
	−

	561,580(4, 5.59-14.17)
	Nglf-1/( 4, 0.48)
	5.10
	24[]



a Bin ID and the map information were obtained from dataset S1 in 25[]
. QTLs with a distance ≤ 20cM are represented as one group.
bDistance between the gene and the nearest QTL.  

Table S2.  continued
	Bin group (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	595(4, 27.87)
	−
	−
	−

	627(4, 59.94)
	GIF1/(4, 53.86)
	6.08
	26[]


	
	LAX2/(4, 49.32)
	10.62
	27[]


	
	D17/(4, 84.20)
	2.22
	6[]


	649(4, 86.42)
	MIP1/(4, 84.2)
	2.22
	28[]


	
	RFL/(4, 96.82)
	10.40
	29[]


	
	FLO2/(4, 109.89)
	5.24
	30[]


	681,684(4, 106.80-115.12)
	OsAP2-39/(4,103.18)
	3.63
	31[]


	
	OsGS2/(4, 125.03)
	9.91
	32[]


	
	qSW5/(5, 33.28)
	0.24
	
 ADDIN EN.CITE 
[33,34]


	
	GS5/(5, 20.52)
	13.00
	35[]


	732,735(5, 33.52-35.98)
	SRS3/(5, 20.04)
	13.48
	36[]


	
	OsPPKL2/(5, 17.57)
	15.96
	21[]


	
	APG/(5, 14.58)
	18.94
	19[]


	757,759(5, 61.38-62.35)
	−
	−
	−

	782,784,786(5, 80.96-85.18)
	EUI1/(5, 90.68)
	5.49
	37[]


	810(5, 109.89)
	OsNADH/(5, 106.49)
	3.40
	38[]


	
	DLT/(6, 5.82)
	0.96
	39[]


	828(6, 4.86)
	D3/(6, 12.86)
	8.00
	
 ADDIN EN.CITE 
[6,40]


	
	HGW/(6,15.77)
	10.91
	41[]


	861(6, 28.34)
	−
	−
	−

	887(6, 50.98)
	Hd1/(6, 52.42)
	1.44
	42[]


	
	MOC1/(6, 98.749)
	11.66
	43[]


	904,908,913, 918,929(6, 68.93-87.09)
	TGW6/(6, 102.99)
	15.90
	44[]


	
	OsIAA23/(6, 92.88)
	5.80
	45[]


	
	OsJMT1/(6, 61.55)
	7.39
	46[]


	967(6, 144.41)
	−
	−
	−

	981(7, 7.89)
	LRK1/(7, 8.62)
	0.73
	47[]


	
	Ghd7/(7, 54.73)
	9.03
	48[]


	
	RISBZ1/(7, 28.13)
	0.72
	49[]


	991,994(7, 27.41-45.70)
	WAF1/(7, 27.41)
	0.00
	50[]


	
	PROG1/(7, 25.67)
	1.73
	51[]


	
	OsNRAMP5/(7, 54.25)
	8.55
	52[]


	
	OsTRXh1/(7, 28.13)
	0.72
	53[]


	1026(7, 82.71)
	−
	−
	−

	1037(7, 104.03)
	DEP2/(7, 118.38)
	14.35
	54[]



Table S2.  continued
	Bin group (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	1065(8, 9.426)
	OsFIE2/(8, 23.56)
	14.13
	55[]


	1079,1089, 1094,1096(8, 28.68-39.63)
	ASP1/(8, 29.16)
	0.48
	56[]


	
	DTH8/(8, 36.74)
	0.72
	
 ADDIN EN.CITE 
[57,58]


	1113,1117, 1119,1132(8, 46.66-56.73)
	−
	−
	−

	
	OsSPL14/(8, 94.22)
	10.99
	59[]


	1160,1173(8, 105.21-118.16)
	GW8/(8, 106.89)
	1.69
	60[]


	
	SGL1/(8, 88.50)
	16.71
	61[]


	1208,1217(9, 13.58-21.86)
	−
	−
	−

	
	DEP1/(9, 71.77)
	2.43
	62[]


	1223,1237(9, 62.83-74.19)
	SG1/(9, 80.28)
	6.08
	61[]


	
	qPE9-1/(9, 65.26)
	2.44
	63[]


	
	OsEATB/(75.65)
	1.45
	64[]


	1282(9, 94.10)
	TAC1/(9, 86.57)
	7.52
	65[]


	
	LGD1/(9, 86.57)
	7.52
	66[]


	1303(10, 7.00)
	−
	−
	−

	1334,1346(10, 26.34-36.68)
	−
	−
	−

	1356,1364, 1370,1372(10, 47.44-65.38)
	Ehd1/(10, 49.41)
	1.97
	42[]


	
	TAW1/(10, 51.86)
	4.42
	67[]


	
	RCN1/(11, 17.19)
	2.73
	9[]


	1394,1407(11, 4.68-19.92)
	OsNAC5/(11, 27.36)
	7.44
	68[]


	
	OsNAC10/(11, 5.88)
	1.20
	69[]


	
	CycT1;3/(11, 19.92)
	0.00
	70[]


	1425(11, 37.58)
	SP1/(11, 46.04)
	8.46
	71[]


	
	SRS5/(11, 52.07)
	14.49
	72[]


	1471(11, 70.46)
	TLD1/(11, 83.27)
	12.81
	73[]


	1510,1515(11, 102.03-104.21)
	DWARF27/(11, 100.57)
	1.46
	74[]


	
	D27/(11, 101.79)
	0.24
	6[]


	1558,1576, 1583(12, 43.43-60.14)
	OsCD1/(12, 77.33)
	17.19
	75[]


	
	OGR1/(12, 42.95)
	0.48
	76[]


	1615(12, 105.07)
	OsPPKL3/(12, 106.05)
	0.98
	21[]


	
	OsSUT2/(12, 109.33)
	4.27
	77[]



Table S3.  Experimentally investigated genes near QTLs for the number of panicles per plant identified with the main effect model.
	Bin (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	3(1, 0.72)
	OsJAG/(1, 6.15)
	5.42
	1[]


	228(2, 8.57)
	OsTEF1/(2, 13.87)
	5.30
	7[]


	
	qGY2-1/(2, 17.51)
	8.94
	8[]


	353(2, 174.21)
	TH1/(2, 174.45)
	0.24
	14[]


	461(3, 107.79)
	GS3/(3, 94.72)
	13.08
	20[]


	
	OsPPKL1/(3, 114.95)
	7.16
	21[]


	757(5, 61.38)
	−
	−
	−

	818(5, 116.04)
	OsNADH/(5, 106.49)
	9.55
	38[]


	861(6, 28.34)
	D3/(6, 12.86)
	15.48
	
 ADDIN EN.CITE 
[6,40]


	
	HGW/(6, 15.77)
	12.57
	41[]


	908(6, 73.27)
	OsJMT1/(6, 61.55)
	11.72
	46[]


	
	OsIAA23/(6, 92.88)
	19.61
	45[]


	
	WAF1/(7, 27.41)
	18.29
	50[]


	
	OsNRAMP5/(7, 54.25)
	8.55
	52[]


	994(7, 45.70)
	OsTRXh1/(7, 28.13)
	17.57
	53[]


	
	Ghd7/(7, 54.73)
	9.03
	48[]


	
	RISBZ1/(7, 28.13)
	17.57
	49[]


	1363(10, 53.62)
	Ehd1/(10, 49.41)
	4.20
	42[]


	
	TAW1/(10, 51.86)
	1.76
	67[]



aBin ID and the map information were obtained from dataset S1 in 25[]
.

bDistance between the gene and the nearest QTL.  

Trait 2: the number of grains per panicle 

Table S4.  Cross-validation for determining hyperparameters (a, b) used in QTL mapping for the number of grains per panicle.
	Algorithm
	Parameters (a, b)
	PE ± STEa

	
	
	

	
	(0.01, 0.01)
	261.48 ± 4.99

	
	(0.1, 0.1)
	239.04 ± 5.15

	
	(1, 1)
	271.73 ± 6.78

	EBlasso
	(0.05, 0.1)
	238.84 ± 4.89b

	Full model
	(0.01, 0.1)
	239.05 ± 4.83

	
	(-0.01, 0.1)
	239.11 ± 4.82

	
	(-0.1, 0.1)
	240.32 ± 4.70

	
	(-0.3, 0.1)
	303.27 ± 10.05

	
	(0.05, 1)
	287.58 ± 5.67

	
	(0.05, 3)
	296.46 ± 5.58

	
	(0.01, 0.01)
	245.83 ± 10.58

	
	(0.1, 0.1)
	245.60 ± 10.63

	
	(1, 1)
	256.63 ± 14.89

	EBlasso
	(0.1, 0.5)
	214.85 ± 13.61

	Main model
	(-0.1, 0.5)
	211.22 ± 13.97

	
	(-0.3, 0.5)
	203.85 ± 14.01

	
	(-0.4, 0.5)
	197.25 ± 9.94b

	
	(-0.5, 0.5)
	204.30 ± 9.50

	
	(-0.4, 1)
	200.30 ± 9.96

	
	(-0.4, 2)
	204.04 ± 9.69


aThe average PE and standard error were obtained from five-fold cross validation.

bThe optimal PE and its corresponding parameters used in QTL mapping.

Table S5.  Experimentally investigated genes near QTLs for the number of grains per panicle identified with the full model.
	Bin (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	10 (1, 6.15)
	OsJAG/(1, 6.15)
	0.00
	1[]


	50 (1, 38.25)
	Gn1a/(1, 30.72)
	7.53
	2[]


	
	OsAPC6/(3, 22.66)
	17.98
	16[]


	381 (3, 40.64)
	D14/(3, 37.67)
	2.97
	6[]


	
	PGL1/(3, 35.14)
	5.50
	19[]


	436 (3, 93.03)
	GS3/(3, 94.72)
	1.68
	20[]


	595 (4, 27.87)
	−
	−
	−

	875 (6, 42.51)
	Hd1/(6, 52.42)
	9.91
	42[]


	
	OsJMT1/(6, 61.55)
	19.04
	46[]


	1004 (7, 54.01)
	Ghd7/(7, 54.73)
	0.72
	48[]


	
	OsNRAMP5/(7, 54.25)
	0.24
	52[]


	
	DEP2/(7, 118.38)
	15.53
	54[]


	1057 (7, 133.92)
	OsSDR/(7, 135.41)
	1.49
	46[]


	
	OsFAD8/(7, 135.41)
	1.49
	78[]


	
	FZP/(7, 135.41)
	1.49
	79[]


	
	SGL1/(8, 88.50)
	10.58
	61[]


	1156 (8, 99.08)
	OsSPL14/(8, 94.22)
	4.86
	59[]


	
	GW8/(8, 106.89)
	7.81
	60[]



aBin ID and the map information were obtained from dataset S1 in 25[]
.

bDistance between the gene and the nearest QTL.  

Table S6.  Experimentally investigated genes near QTLs for the number of grains per panicle identified with the main effect model.
	Bin (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	43(1, 34.85)
	Gn1a/(1, 30.72)
	4.13
	2[]


	436(3, 93.03)
	GS3/(3, 94.72)
	1.69
	20[]


	877(6, 42.99)
	Hd1/(6, 52.42)
	9.43
	42[]


	
	OsJMT1/(6, 61.55)
	18.56
	46[]


	1006(7, 54.73)
	Ghd7/(7, 54.73)
	0.00
	48[]


	
	OsNRAMP5/(7, 54.25)
	0.48
	52[]


	
	DEP2/(7, 118.38)
	15.54
	54[]
 

	1057(7, 133.92)
	OsSDR/(7, 135.41)
	1.49
	46[]


	
	OsFAD8/(7, 135.41)
	1.49
	78[]


	
	FZP/(7, 135.41)
	1.49
	
 ADDIN EN.CITE 
[79,80]



aBin ID and the map information were obtained from dataset S1 in 25[]
.

bDistance between the gene and the nearest QTL.  

Trait 3: grain weight
Table S7.  Cross-validation for determining hyperparameters (a, b) used in QTL mapping for grain weight.
	Algorithm
	Parameters (a, b)
	PE ± STEa

	
	
	

	
	(0.01, 0.01)
	2.20 ± 0.01

	
	(0.1, 0.1)
	2.31 ± 0.02

	
	(1, 1)
	1.98 ± 0.02b

	EBlasso
	(0.1, 1)
	2.25 ± 0.03

	Full model
	(0.01, 1)
	2.04 ± 0.02

	
	(-0.001, 1)
	2.14 ± 0.02

	
	(-0.01, 1)
	2.15 ± 0.01

	
	(-0.1, 1)
	2.17 ± 0.02

	
	(-0.2, 1)
	2.31 ± 0.03

	
	(1, 2)
	2.29 ± 0.04

	
	(0.01, 0.01)
	1.55 ± 0.03

	
	(0.05, 0.05)
	1.46 ± 0.05

	
	(0.1, 0.1)
	1.45 ± 0.06

	EBlasso
	(0.5, 0.5)
	1.25 ± 0.02

	Main model
	(1, 1)
	1.08 ± 0.03b

	
	(0.5, 1)
	1.20 ± 0.07

	
	(0.1, 1)
	1.75 ± 0.10

	
	(0.01, 1)
	1.66 ± 0.03

	
	(-0.001, 1)
	1.75 ± 0.10

	
	(1, 2)
	1.60 ± 0.05


aThe average PE and standard error were obtained from five-fold cross validation.

bThe optimal PE and its corresponding parameters used in QTL mapping.

Table S8.  Experimentally investigated genes near QTLs of grain weight identified with the full model.
	Bin group (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	18,37(1, 12.06-31.68)
	OsJAG/(1, 6.15)
	5.91
	1[]


	
	Gn1a/(1, 30.72)
	0.97
	2[]


	67,71,96(1, 71.95-85.37)
	−
	−
	−

	107,119(1, 99.35-105.68)
	OsEF3/(1, 102.73)
	2.95
	4[]


	
	LOG/(1, 113.27)
	7.59
	3[]


	
	DWARF10/(1, 145.25)
	7.49
	5[]


	151,184(1, 137.77-154.78)
	LAX1/(1, 136.09)
	1.68
	81[]


	
	D10/(1, 145.25)
	7.49
	6[]


	210(1, 194.96)
	−
	−
	−

	247(2, 33.83)
	qGY2-1/(2, 17.51)
	16.32
	8[]


	
	OsTEF1/(2, 13.87)
	19.96
	7[]


	310(2, 83.02)
	RCN2/(2, 78.18)
	4.84
	9[]


	
	OsCIN1/(2, 82.78)
	0.24
	10[]


	
	OsGS1/(2, 146.32)
	1.21
	13[]


	329(2, 147.53)
	OsPIN1/(2, 148)
	0.48
	12[]


	
	PGL2/(2, 149.24)
	1.61
	11[]


	419,431(3, 82.45-89.56)
	GS3/(3, 94.72)
	5.15
	20[]


	
	OsTB1/(3, 134.05)
	0.73
	6[]


	472,500(3, 118.94-133.32)
	OsPPKL1/(3, 114.95)
	3.99
	21[]


	
	OsTB1/(3, 134.05)
	0.73
	6[]


	
	PAP2/(3, 152.25)
	18.93
	22[]


	547(3, 187.25)
	−
	−
	−

	583(4, 15.88)
	−
	−
	−

	620(4, 53.86)
	GIF1/(4, 53.86)
	0.00
	26[]


	
	LAX2/(4, 49.32)
	4.54
	27[]


	
	D17/(4, 84.20)
	0.00
	82[]


	647(4, 84.2)
	MIP1/(4, 84.20)
	0.00
	28[]


	
	OsAP2-39/(4,103.18)
	18.98
	31[]


	
	RFL/(4, 96.82)
	12.63
	29[]


	
	SRS3/(5, 20.04)
	4.98
	36[]


	
	OsPPKL2/(5, 17.57)
	2.51
	21[]


	700,708,714(5, 8.70-15.06)
	OsSIZ1/(5, 9.68)
	0.98
	83[]


	
	OsMT2b/(5, 4.54)
	4.16
	84[]


	
	APG/(5, 14.58)
	0.48
	19[]



a Bin ID and the map information were obtained from dataset S1 in 25[]
. QTLs with a distance ≤ 20cM are represented as one group.
bDistance between the gene and the nearest QTL.  

Table S8.  continued
	Bin group (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	727,729(5, 28.25-29.71)
	GS5/(5, 20.52)
	7.73
	35[]


	
	qSW5/(5, 33.28)
	3.57
	
 ADDIN EN.CITE 
[33,34]


	772(5, 75.82)
	−
	−
	−

	796,818(5, 104.57-116.04)
	OsNADH/(5, 106.487)
	1.92
	38[]


	
	EUI1/(5, 90.68)
	13.89
	37[]


	916,920(6, 78.19-81.17)
	OsJMT1/(6, 61.55)
	19.62
	46[]


	
	OsIAA23/(6, 92.88)
	11.71
	45[]


	955(6, 125.73)
	APO1/(6, 122.81)
	2.92
	85[]


	
	OsPIN2/(6, 122.81)
	2.92
	86[]


	
	LRK1/(7, 8.62)
	2.18
	47[]


	
	PROG1/(7, 25.67)
	14.87
	51[]


	971,987(7, 0.96-10.8)
	OsTRXh1/(7, 28.13)
	17.33
	53[]


	
	WAF1/(7, 27.41)
	16.61
	50[]


	
	RISBZ1/(7, 28.13)
	17.33
	49[]


	1011(7, 60.93)
	Ghd7/(7, 54.73)
	6.20
	48[]


	
	OsNRAMP5/(7, 54.25)
	6.68
	52[]


	1026,1035(7, 82.71-101.53)
	DEP2/(7, 118.38)
	16.86
	54[]


	
	DTH8/(8, 36.74)
	1.68
	
 ADDIN EN.CITE 
[57,58]


	1093,1100,1111,1117(8, 38.42-48.34)
	ASP1/(8, 29.16)
	9.26
	56[]


	
	OsFIE2/(8, 23.56)
	14.86
	55[]


	
	OsSPL14/(8, 94.22)
	13.64
	59[]


	1167,1168(8, 107.86-110.43)
	GW8/(8, 106.89)
	0.97
	60[]


	
	SGL1/(8, 88.50)
	19.36
	61[]


	
	DEP1/(9, 71.77)
	8.70
	62[]


	1224(9, 63.07)
	qPE9-1/(9, 65.26)
	2.20
	63[]


	
	OsEATB/(75.65)
	12.58
	64[]


	
	TAC1/(9, 86.57)
	0.48
	65[]


	1262(9, 86.09)
	SG1/(9, 80.28)
	5.82
	61[]


	
	LGD1/(9, 86.57)
	0.48
	66[]


	1375(10, 74.22)
	−
	−
	−

	
	RCN1/(11, 17.19)
	2.73
	9[]


	1397,1400, 1407(11, 5.64-19.92)
	OsNAC5/(11, 27.36)
	7.44
	68[]


	
	OsNAC10/(11, 5.88)
	0.24
	69[]


	
	CycT1;3/(11, 19.92)
	0.00
	70[]


	1461(11, 62.29)
	SRS5/(11, 52.07)
	10.21
	72[]


	
	DWARF27/(11, 100.57)
	4.79
	74[]


	1505(11, 95.79)
	TLD1/(11, 83.27)
	12.52
	73[]


	
	D27/(11, 101.79)
	6.01
	6[]


	1578(12, 55.85)
	OGR1/(12, 42.95)
	12.90
	76[]



Table S9.  Experimentally investigated genes near QTLs of grain weight identified with the main effect model.
	Bin group (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	37,38,50(1, 31.68 - 38.25)
	Gn1a/(1, 30.72)
	0.96
	2[]


	
	LAX1/(1, 136.09)
	1.68
	81[]


	151,173(1, 137.77 - 148.38)
	DWARF10/(1, 145.25)
	3.13
	5[]


	
	D10/(1, 145.26)
	3.12
	6[]


	199(1, 188.15)
	−
	−
	−

	228(2, 8.57)
	OsTEF1/(2, 13.87)
	5.30
	7[]


	
	qGY2-1/(2, 17.51)
	8.94
	8[]


	
	OsPIP1;1/(2, 136.02)
	0.73
	87[]


	312,332(2, 136.75 - 149.24)
	OsGS1/(2, 146.32)
	2.92
	13[]


	
	OsPIN1/(2, 148.00)
	1.24
	12[]


	
	PGL2/(2, 149.24)
	0.00
	11[]


	440, 441(3, 93.99 - 94.23)
	GS3/(3, 94.72)
	0.48
	20[]


	498(3, 132.60)
	OsTB1/(3, 134.05)
	1.45
	6[]


	547(3, 187.25)
	−
	−
	−

	
	OsPPKL2/(5, 17.57)
	3.47
	21[]


	
	APG/(5, 14.58)
	0.48
	19[]


	710,729(5, 14.10 - 29.71)
	OsSIZ1/(5, 9.68)
	4.42
	83[]


	
	qSW5/(5, 33.28)
	3.57
	34[]


	
	GS5/(5, 20.52)
	6.42
	35[]


	
	SRS3/(5, 20.04)
	5.94
	36[]


	
	D3/(6, 12.86)
	0.96
	6[]


	843(6, 11.90)
	DLT/(6, 5.82)
	6.08
	39[]


	
	HGW/(6, 15.77)
	3.87
	41[]


	894(6, 58.14)
	Hd1/(6, 52.42)
	5.72
	42[]


	
	OsJMT1/(6, 61.55)
	3.40
	46[]


	
	MOC1/(6, 98.75)
	5.87
	43[]


	936(6, 92.88)
	TGW6/(6, 102.99)
	10.11
	44[]


	
	OsIAA23/(6, 92.88)
	0.00
	45[]


	1008(7, 55.21)
	Ghd7/(7, 54.73)
	0.48
	48[]


	1110(8, 44.70)
	DTH8/(8, 36.74)
	7.96
	
 ADDIN EN.CITE 
[57,58]


	
	ASP1/(8, 29.16)
	15.54
	56[]


	1176(8, 120.35)
	GW8/(8, 106.89)
	13.46
	60[]



a Bin ID and the map information were obtained from dataset S1 in 25[]
. QTLs with a distance ≤ 20cM are represented as one group.
bDistance between the gene and the nearest QTL.  

Table S9.  Continued
	Bin group (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	
	TAC1/(9, 86.57)
	6.06
	65[]


	
	DEP1/(9, 71.77)
	8.74
	62[]


	1251(9, 80.51)
	qPE9-1/(9, 65.26)
	15.25
	63[]


	
	OsEATB/(75.65)
	4.87
	64[]


	
	LGD1/(9, 86.57)
	6.06
	66[]


	
	SG1/(9, 80.28)
	0.23
	61[]


	1374(10, 73.98)
	−
	−
	−

	
	SP1/(11, 46.04)
	7.24
	71[]


	1442(11, 53.28)
	SRS5/(11, 52.07)
	1.21
	72[]


	
	DWARF27/(11, 100.57)
	4.29
	74[]


	1506(11, 96.27)
	TLD1/(11, 83.27)
	13.00
	73[]


	
	D27/(11, 101.79)
	5.52
	6[]


	1565(12, 45.60)
	OGR1/(12, 42.95)
	2.65
	76[]



Trait 4: yield per plant

Table S10.  Cross-validation for determining hyperparameters (a, b) used in QTL mapping for yield per plant.
	Algorithm
	Parameters (a, b)
	PE ± STEa

	
	
	

	
	(0.01, 0.01)
	36.92 ± 0.83

	
	(0.1, 0.1)
	41.59 ± 1.20

	
	(1, 1)
	36.15 ± 0.81b

	EBlasso
	(0.5, 1)
	51.18 ± 0.94

	Full model
	(0.1, 1)
	44.50 ± 0.74

	
	(0.05, 1)
	50.03 ± 0.86

	
	(0.01, 1)
	47.58 ± 0.79

	
	(-0.001, 1)
	47.42 ± 0.66

	
	(1, 2)
	42.91 ± 1.57

	
	(1, 3)
	48.14 ± 1.23

	
	(0.01, 0.01)
	31.75 ± 1.58

	
	(0.1, 0.1)
	31.73 ± 1.58

	
	(1, 1)
	32.82 ± 1.43

	EBlasso
	(0.01, 0.1)
	31.74 ± 1.58

	Main model
	(-0.01, 0.1
	31.75 ± 1.58

	
	(-0.1, 0.1)
	31.66 ± 1.56

	
	(-0.3, 0.1)
	30.67 ± 1.46

	
	(-0.5, 0.1)
	29.33 ± 1.50b

	
	(-0.5, 1)
	32.70 ± 2.00

	
	(-0.5, 2)
	31.15 ± 1.70


aThe average PE and standard error were obtained from five-fold cross validation.

bThe optimal PE and its corresponding parameters used in QTL mapping.

Table S11.  Experimentally investigated genes near QTLs of yield per plant identified with the full model.
	Bin (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	113 (1, 102.01)
	LOG/(1, 113.27)
	11.26
	3[]


	
	OsEF3/(1, 102.73)
	0.72
	4[]


	743 (5, 47.95)
	qSW5/(5, 33.28)
	14.67
	
 ADDIN EN.CITE 
[33,34]


	1014 (7, 63.67)
	OsNRAMP5/(7, 54.25)
	9.42
	52[]


	
	Ghd7/(7, 54.73)
	8.94
	48[]


	1043 (7, 116.17)
	DEP2/(7, 118.38)
	2.21
	54[]


	
	FZP/(7, 135.41)
	1.49
	79[]


	1057 (7, 133.92)
	OsSDR/(7, 135.41)
	1.49
	46[]


	
	OsFAD8/(7, 135.41)
	1.49
	78[]


	1144 (8, 64.09)
	−
	−
	−

	1547 (12, 16.04)
	−
	−
	−


aBin ID and the map information were obtained from dataset S1 in 25[]
.

bDistance between the gene and the nearest QTL.  

Table S12.  Experimentally investigated genes near QTLs of yield per plant identified with the main effect model.
	Bin (chr, cM)a
	Gene/Location(chr, cM)
	Distance (cM)b
	Reference

	
	DWARF10/(1, 145.25)
	7.83
	5[]


	181(1, 153.08)
	LAX1/(1, 136.09)
	16.99
	81[]


	
	D10/(1, 145.25)
	7.83
	6[]


	1014(7, 63.67)
	Ghd7/(7, 54.73)
	8.94
	48[]


	
	OsNRAMP5/(7, 54.25)
	9.42
	52[]


	
	DEP2/(7, 118.38)
	15.54
	54[]


	1057(7, 133.92)
	FZP/(7, 135.41)
	1.49
	79[]


	
	OsSDR/(7, 135.41)
	1.49
	46[]


	
	OsFAD8/(7, 135.41)
	1.49
	78[]


	1100(8, 42.06)
	DTH8/(8, 36.74)
	5.32
	
 ADDIN EN.CITE 
[57,58]


	
	ASP1/(8, 29.16)
	12.90
	56[]



aBin ID and the map information were obtained from dataset S1 in 25[]
.
bDistance between the gene and the nearest QTL.  
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