	Table S1. Sample sequencing depth and coverage statistics

	Sample
	Total base（G）
	Mapping rate（%）
	Q20（%）
	Q30（%）
	GC content （%）
	Average depth（×）

	YJ
	71.8
	99.81
	97.51
	92.86
	44.4
	14.1×

	H30
	61.24
	99.81
	97.16
	91.82
	44.38
	12.0×

	Offspring average
	32.5
	99.81
	97.36
	92.38
	44.11
	6.4×





	Table S2. Descriptive statistics of RIL population leaf size in different environments

	Traits
	Environments
	The RIL Lines

	
	
	Range
	Mean
	SD
	CV(%)
	H2

	FLL
	2022WH
	6.55-23.88
	14.92
	3.33
	22.32
	0.91

	
	2023WH
	5.62-32.21
	14.17
	4.29
	30.27
	

	
	2023XY
	7.04-26.75
	15.74
	3.93
	24.98
	

	
	2024WH
	8.15-24.48
	15.97
	2.97
	18.61
	

	
	2024XY
	10.23-27.55
	17.04
	3.67
	21.54
	

	
	BLUP
	9.74-23.06
	15.69
	2.53
	16.15
	

	FLW
	2022WH
	0.83-2.13
	1.56
	0.24
	15.35
	0.92

	
	2023WH
	0.68-2.54
	1.49
	0.28
	19.07
	

	
	2023XY
	0.80-2.32
	1.58
	0.28
	17.67
	

	
	2024WH
	0.85-2.25
	1.57
	0.23
	14.59
	

	
	2024XY
	1.05-2.25
	1.55
	0.24
	15.52
	

	
	BLUP
	1.05-2.05
	1.55
	0.18
	11.47
	

	FLA
	2022WH
	4.17-34.38
	18.13
	6.09
	33.6
	0.91

	
	2023WH
	3.13-61.56
	16.85
	8.22
	48.75
	

	
	2023XY
	5.28-46.64
	19.46
	7.73
	39.69
	

	
	2024WH
	5.31-41.34
	19.37
	6.03
	31.15
	

	
	2024XY
	8.69-46.35
	20.42
	7.27
	35.58
	

	
	BLUP
	8.90-34.52
	19.02
	4.76
	25.01
	

	SLL
	2022WH
	12.96-32.60
	21.94
	3.46
	15.76
	0.88

	
	2023WH
	11.72-39.03
	21.82
	5.04
	23.11
	

	
	2023XY
	11.88-41.10
	24.07
	5.15
	21.4
	

	
	2024WH
	16.43-33.42
	25.5
	3.27
	12.84
	

	
	2024XY
	16.3-37.03
	27.6
	4.24
	15.35
	

	
	BLUP
	16.99-31.52
	24.19
	2.69
	11.11
	

	SLW
	2022WH
	1.38-2.43
	2.01
	0.23
	11.26
	0.9

	
	2023WH
	1.36-2.73
	1.96
	0.26
	13.34
	

	
	2023XY
	1.28-2.65
	1.99
	0.24
	11.87
	

	
	2024WH
	1.22-2.45
	1.94
	0.21
	10.57
	

	
	2024XY
	1.40-2.60
	2.04
	0.22
	10.97
	

	
	BLUP
	1.57-2.40
	1.99
	0.17
	8.44
	

	SLA
	2022WH
	14.88-54.56
	33.49
	7.69
	22.95
	0.9

	
	2023WH
	12.52-80.01
	32.83
	11.08
	33.74
	

	
	2023XY
	12.80-69.17
	36.59
	10.97
	29.98
	

	
	2024WH
	16.53-58.10
	37.58
	7.75
	20.63
	

	
	2024XY
	18.78-70.43
	42.69
	10.17
	23.82
	

	
	BLUP
	22.28-54.35
	36.89
	6.25
	16.95
	

	TLL
	2022WH
	15.00-34.50
	23.13
	3.54
	15.3
	0.8

	
	2023WH
	12.92-37.08
	22.3
	4.48
	20.07
	

	
	2023XY
	10.83-41.80
	26.47
	6.51
	24.58
	

	
	2024WH
	15.97-35.20
	27.3
	3.43
	12.55
	

	
	2024XY
	20.25-38.80
	29.87
	3.61
	12.08
	

	
	BLUP
	19.75-30.71
	25.94
	1.93
	7.44
	

	TLW
	2022WH
	1.38-2.43
	1.94
	0.23
	11.73
	0.92

	
	2023WH
	1.12-2.65
	1.84
	0.24
	13.28
	

	
	2023XY
	1.16-2.57
	1.97
	0.26
	13.45
	

	
	2024WH
	1.07-2.42
	1.88
	0.21
	11.25
	

	
	2024XY
	1.48-2.6
	1.98
	0.24
	12.15
	

	
	BLUP
	1.53-2.37
	1.94
	0.17
	8.71
	

	TLA
	2022WH
	17.53-63.20
	34.14
	7.94
	23.25
	0.86

	
	2023WH
	11.09-73.87
	31.27
	9.33
	29.84
	

	
	2023XY
	11.26-73.56
	39.99
	13.62
	34.06
	

	
	2024WH
	12.77-59.87
	38.79
	7.88
	20.31
	

	
	2024XY
	23.43-73.4
	44.78
	9.82
	21.92
	

	
	BLUP
	24.77-53.35
	38.43
	5.42
	14.09
	














	
	Table S3. QTLs related to leaf traits identified in less than four environments

	TraitName
	QTL
	Env
	Chr
	Interval
	Position
	LeftMarker
	RightMarker
	LOD
	PVE(%)
	Add

	FLA
	QFla.hzau-2H.1
	23WH
	2
	72.5-73.5
	73
	BM1168
	BM1169
	98.31 
	25.22 
	-21.53 

	FLA
	QFla.hzau-2H.2
	24XY
	2
	73.5-74.5
	74
	BM1212
	BM1216
	8.85 
	15.58 
	2.94 

	
	
	22WH
	2
	75.5-76.5
	76
	BM1293
	BM1294
	9.20 
	13.26 
	2.49 

	FLA
	QFla.hzau-5H.1
	23XY
	5
	0-0.5
	0
	EM1
	EM2
	3.87 
	6.02 
	-1.96 

	
	
	24XY
	5
	0-1.5
	1
	EM8
	EM9
	7.32 
	12.42 
	-2.59 

	
	
	FLA-BLUP
	5
	0-1.5
	1
	EM8
	EM9
	5.49 
	6.45 
	-1.27 

	FLA
	QFla.hzau-6H
	24WH
	6
	47.5-48.5
	48
	FM244
	FM247
	4.22 
	6.03 
	-1.51 

	FLL
	QFll.hzau-1H
	FLL-BLUP
	1
	107.5-108.5
	108
	AM953
	AM955
	5.76 
	4.58 
	-0.59 

	
	
	24XY
	1
	110.5-112.5
	112
	AM963
	AM964
	3.87 
	6.08 
	-0.90 

	FLL
	QFll.hzau-2H
	24XY
	2
	73.5-74.5
	74
	BM1212
	BM1216
	10.49 
	18.79 
	1.61 

	FLL
	QFll.hzau-3H
	FLL-BLUP
	3
	60.5-61.5
	61
	CM2032
	CM2033
	4.12 
	3.14 
	-0.49 

	FLL
	QFll.hzau-5H.1
	FLL-BLUP
	5
	0-0.5
	0
	EM1
	EM2
	4.35 
	3.29 
	-0.50 

	
	
	24XY
	5
	0-1.5
	1
	EM8
	EM9
	5.43 
	8.63 
	-1.08 

	FLL
	QFll.hzau-6H
	24WH
	6
	45.5-46.5
	46
	FM234
	FM235
	4.57 
	5.93 
	-0.77 

	FLL
	QFll.hzau-7H
	24WH
	7
	102.5-103.5
	103
	GM842
	GM843
	3.03 
	3.79 
	-0.61 

	FLW
	QFlw.hzau-2H.1
	24XY
	2
	73.5-74.5
	74
	BM1212
	BM1216
	6.47 
	10.40 
	0.08 

	FLW
	QFlw.hzau-2H.2
	22WH
	2
	105.5-106.5
	106
	BM1766
	BM1767
	7.28 
	4.95 
	0.07 

	FLW
	QFlw.hzau-3H.1
	FLW-BLUP
	3
	61.5-63.5
	62
	CM2036
	CM2037
	4.08 
	5.59 
	-0.03 

	FLW
	QFlw.hzau-3H.2
	23WH
	3
	66.5-67.5
	67
	CM2083
	CM2084
	4.06 
	6.61 
	-0.07 

	FLW
	QFlw.hzau-6H
	24WH
	6
	47.5-48.5
	48
	FM244
	FM247
	6.06 
	6.90 
	-0.07 

	SLA
	QSla.hzau-1H
	SLA-BLUP
	1
	107.5-109.5
	108
	AM953
	AM955
	5.13 
	4.50 
	-1.39 

	
	
	24XY
	1
	110.5-112.5
	112
	AM963
	AM964
	4.72 
	6.63 
	-2.56 

	SLA
	QSla.hzau-2H.1
	23WH
	2
	72.5-73.5
	73
	BM1168
	BM1169
	91.34 
	32.34 
	-22.77 

	SLA
	QSla.hzau-2H.2
	24XY
	2
	73.5-74.5
	74
	BM1212
	BM1216
	5.72 
	8.17 
	2.88 

	
	
	SLA-BLUP
	2
	73.5-74.5
	74
	BM1212
	BM1216
	8.62 
	7.85 
	1.86 

	
	
	22WH
	2
	75.5-76.5
	76
	BM1293
	BM1294
	3.88 
	3.03 
	2.02 

	SLA
	QSla.hzau-3H
	24XY
	3
	121.5-122.5
	122
	CM2581
	CM2582
	3.62 
	4.96 
	-2.22 

	SLA
	QSla.hzau-4H.1
	24WH
	4
	38.5-39.5
	39
	DM133
	DM134
	14.79 
	10.99 
	3.20 

	SLA
	QSla.hzau-4H.2
	24WH
	4
	46.5-47.5
	47
	DM168
	DM169
	6.85 
	4.56 
	-2.06 

	SLA
	QSla.hzau-4H.3
	23WH
	4
	97.5-98.5
	98
	DM1379
	DM1380
	30.70 
	3.92 
	8.09 

	SLA
	QSla.hzau-4H.4
	23WH
	4
	99.5-100.5
	100
	DM1386
	DM1387
	20.07 
	2.27 
	-6.07 

	SLA
	QSla.hzau-5H.1
	23XY
	5
	0-0.5
	0
	EM1
	EM2
	3.44 
	5.63 
	-2.65 

	
	
	SLA-BLUP
	5
	0-1.5
	0
	EM1
	EM2
	6.87 
	6.05 
	-1.61 

	
	
	24XY
	5
	0-1.5
	1
	EM8
	EM9
	4.29 
	5.93 
	-2.42 

	SLA
	QSla.hzau-5H.2
	23WH
	5
	119.5-121.5
	121
	EM1685
	EM1686
	6.18 
	0.61 
	3.42 

	SLA
	QSla.hzau-6H.1
	24WH
	6
	11.5-12.5
	12
	FM80
	FM81
	4.30 
	2.74 
	-1.59 

	SLA
	QSla.hzau-6H.2
	24WH
	6
	47.5-48.5
	48
	FM244
	FM247
	4.56 
	3.00 
	-1.68 

	SLL
	QSll.hzau-1H.1
	24XY
	1
	111.5-112.5
	112
	AM963
	AM964
	5.13 
	7.92 
	-1.20 

	SLL
	QSll.hzau-1H.2
	23WH
	1
	120.5-121.5
	121
	AM1008
	AM1009
	3.53 
	6.26 
	-1.28 

	
	
	SLL-BLUP
	1
	120.5-121.5
	121
	AM1008
	AM1009
	4.73 
	4.40 
	-0.59 

	SLL
	QSll.hzau-2H
	23XY
	2
	73.5-74.5
	74
	BM1212
	BM1216
	4.18 
	7.21 
	1.44 

	
	
	24XY
	2
	73.5-74.5
	74
	BM1212
	BM1216
	8.10 
	13.45 
	1.58 

	
	
	22WH
	2
	75.5-76.5
	76
	BM1293
	BM1294
	7.67 
	10.04 
	1.35 

	SLL
	QSll.hzau-3H.1
	24WH
	3
	18.5-19.5
	19
	CM100
	CM101
	6.95 
	6.43 
	-0.93 

	SLL
	QSll.hzau-3H.2
	24WH
	3
	35.5-36.5
	36
	CM226
	CM227
	3.63 
	3.23 
	0.66 

	SLL
	QSll.hzau-3H.3
	24XY
	3
	121.5-122.5
	122
	CM2581
	CM2582
	5.57 
	8.57 
	-1.25 

	SLL
	QSll.hzau-4H
	SLL-BLUP
	4
	97.5-98.5
	98
	DM1379
	DM1380
	3.67 
	3.38 
	0.53 

	SLL
	QSll.hzau-5H.1
	23XY
	5
	0-0.5
	0
	EM1
	EM2
	3.24 
	5.50 
	-1.24 

	
	
	SLL-BLUP
	5
	0-0.5
	0
	EM1
	EM2
	3.81 
	3.50 
	-0.52 

	SLL
	QSll.hzau-6H
	24WH
	6
	47.5-48.5
	48
	FM244
	FM247
	4.75 
	4.34 
	-0.77 

	SLL
	QSll.hzau-7H
	24WH
	7
	100.5-101.5
	101
	GM836
	GM837
	5.23 
	4.75 
	-0.80 

	SLW
	QSlw.hzau-2H
	22WH
	2
	172.5-173.5
	173
	BM2089
	BM2090
	3.61 
	5.04 
	0.05 

	SLW
	QSlw.hzau-4H.1
	SLW-BLUP
	4
	32.5-34.5
	34
	DM117
	DM118
	3.90 
	3.23 
	0.03 

	SLW
	QSlw.hzau-4H.2
	23WH
	4
	38.5-39.5
	39
	DM133
	DM134
	3.41 
	3.24 
	0.05 

	
	
	24WH
	4
	38.5-39.5
	39
	DM133
	DM134
	4.91 
	4.68 
	0.05 

	SLW
	QSlw.hzau-5H.1
	24XY
	5
	0-1.5
	1
	EM8
	EM9
	4.62 
	8.83 
	-0.07 

	
	
	SLW-BLUP
	5
	0-1.5
	1
	EM8
	EM9
	4.77 
	4.03 
	-0.03 

	SLW
	QSlw.hzau-6H.1
	23WH
	6
	19.5-20.5
	20
	FM126
	FM127
	3.75 
	3.58 
	-0.05 

	SLW
	QSlw.hzau-6H.2
	23WH
	6
	58.5-59.5
	59
	FM346
	FM347
	3.11 
	2.98 
	-0.05 

	TLA
	QTla.hzau-4H
	24XY
	4
	97.5-98.5
	98
	DM1379
	DM1380
	3.93 
	5.37 
	2.46 

	TLA
	QTla.hzau-5H.1
	24WH
	5
	0-0.5
	0
	EM1
	EM2
	4.34 
	4.12 
	-1.73 

	
	
	TLA-BLUP
	5
	0-0.5
	0
	EM1
	EM2
	4.72 
	3.65 
	-1.19 

	TLL
	QTll.hzau-1H
	24XY
	1
	110.5-112.5
	112
	AM963
	AM964
	3.86 
	4.01 
	-0.79 

	TLL
	QTll.hzau-2H.1
	23XY
	2
	73.5-74.5
	74
	BM1212
	BM1216
	4.45 
	9.44 
	2.09 

	
	
	22WH
	2
	75.5-76.5
	76
	BM1293
	BM1294
	3.49 
	4.11 
	0.96 

	TLL
	QTll.hzau-2H.2
	24XY
	2
	102.5-103.5
	103
	BM1752
	BM1753
	5.57 
	5.83 
	-0.99 

	TLL
	QTll.hzau-3H
	24WH
	3
	19.5-20.5
	20
	CM104
	CM105
	4.26 
	3.57 
	-0.71 

	TLL
	QTll.hzau-4H.1
	24WH
	4
	55.5-56.5
	56
	DM800
	DM803
	4.76 
	4.03 
	0.76 

	TLL
	QTll.hzau-4H.2
	24XY
	4
	97.5-98.5
	98
	DM1379
	DM1380
	4.72 
	4.88 
	0.90 

	TLL
	QTll.hzau-5H.1
	24WH
	5
	97.5-99.5
	99
	EM1596
	EM1598
	6.52 
	5.71 
	0.90 

	TLL
	QTll.hzau-7H
	24WH
	7
	100.5-101.5
	101
	GM836
	GM837
	3.58 
	2.96 
	-0.65 

	TLW
	QTlw.hzau-1H.1
	23XY
	1
	70.5-71.5
	71
	AM752
	AM756
	10.31 
	7.87 
	0.10 

	TLW
	QTlw.hzau-1H.2
	23XY
	1
	75.5-76.5
	76
	AM786
	AM787
	16.59 
	14.28 
	-0.14 

	TLW
	QTlw.hzau-2H
	22WH
	2
	172.5-173.5
	173
	BM2089
	BM2090
	4.73 
	5.35 
	0.05 

	
	
	TLW-BLUP
	2
	172.5-173.5
	173
	BM2089
	BM2090
	5.25 
	3.29 
	0.03 

	TLW
	QTlw.hzau-3H
	24WH
	3
	76.5-77.5
	77
	CM2279
	CM2283
	3.48 
	2.93 
	0.04 

	TLW
	QTlw.hzau-4H.1
	TLW-BLUP
	4
	27.5-29.5
	29
	DM89
	DM90
	6.90 
	4.36 
	0.04 

	
	
	24XY
	4
	31.5-32.5
	32
	DM114
	DM115
	8.63 
	11.38 
	0.08 

	TLW
	QTlw.hzau-4H.2
	23WH
	4
	35.5-36.5
	36
	DM123
	DM124
	3.86 
	4.00 
	0.05 

	
	
	24WH
	4
	38.5-39.5
	39
	DM133
	DM134
	4.44 
	3.78 
	0.04 

	TLW
	QTlw.hzau-5H.1
	TLW-BLUP
	5
	0-1.5
	1
	EM8
	EM9
	5.60 
	3.50 
	-0.03 

	TLW
	QTlw.hzau-5H.3
	24XY
	5
	141.5-142.5
	142
	EM1826
	EM1827
	4.18 
	5.22 
	-0.06 

	TLW
	QTlw.hzau-6H.1
	24WH
	6
	11.5-12.5
	12
	FM80
	FM81
	3.52 
	2.96 
	-0.04 

	
	
	24XY
	6
	11.5-12.5
	12
	FM80
	FM81
	5.67 
	7.15 
	-0.06 

	TLW
	QTlw.hzau-6H.2
	24XY
	6
	52.5-53.5
	53
	FM252
	FM253
	3.63 
	4.61 
	-0.05 

	TLW
	QTlw.hzau-6H.3
	23XY
	6
	77.5-78.5
	78
	FM1852
	FM1853
	4.33 
	3.12 
	-0.07 

















	[bookmark: _GoBack]Table S4. Gene function annotation and confidence levels for the genomic region 128.5-129.5 cM on chromosome 5H

	Gene_ID
	Physical pos（bp）
	Annotation
	Confidence

	HORVU.MOREX.r3.5HG0510940
	527496290-527497312
	HMG-Y-related protein A
	high

	HORVU.MOREX.r3.5HG0510950
	527540110-527541816
	Glucan endo-1
	high

	HORVU.MOREX.r3.5HG0510960
	527559007-527560070
	CDO504
	high

	HORVU.MOREX.r3.5HG0510970
	527561299-527562180
	3-beta-glucosidase 1
	high

	HORVU.MOREX.r3.5HG0510980
	527563076-527567767
	Protein TORNADO 1
	high

	HORVU.MOREX.r3.5HG0510990
	527568059-527571525
	oligopeptide transporter
	high

	HORVU.MOREX.r3.5HG0511000
	527607374-527607907
	branched-chain amino acid transaminase 2
	low

	HORVU.MOREX.r3.5HG0511010
	527608646-527609821
	Retrotransposon protein
	low

	HORVU.MOREX.r3.5HG0511020
	527613562-527613777
	Mitochondrial import inner me Mbrane translocase subunit TIM44
	low

	HORVU.MOREX.r3.5HG0511030
	527614886-527615272
	Retrotransposon protein
	low

	HORVU.MOREX.r3.5HG0511040
	527617773-527619574
	Heavy metal transport/detoxification superfamily protein
	high

	HORVU.MOREX.r3.5HG0511050
	527650850-527651949
	Retrotransposon protein
	low

	HORVU.MOREX.r3.5HG0511060
	527662975-527663529
	Di-glucose binding protein with Kinesin motor domain-containing protein
	low

	HORVU.MOREX.r3.5HG0511070
	527664158-527664514
	Peroxisome proliferator-activated receptor gamma coactivator 1-alpha
	high

	HORVU.MOREX.r3.5HG0511080
	527667392-527667979
	Serine/threonine protein phosphatase 7 long form isogeny
	low

	HORVU.MOREX.r3.5HG0511090
	527774453-527779253
	Phytochrome
	high

	HORVU.MOREX.r3.5HG0511100
	527779461-527783360
	DNA topoisomerase 6 subunit A
	high

	HORVU.MOREX.r3.5HG0511110
	527783809-527793719
	Potassium channel
	high

	HORVU.MOREX.r3.5HG0511120
	527870977-527871832
	Cytochrome oxidase complex asse Mbly protein
	low

	HORVU.MOREX.r3.5HG0511130
	527896957-527900282
	Chaperone DnaJ-domain containing protein
	high

	HORVU.MOREX.r3.5HG0511140
	528057134-528059082
	Cysteine protease
	high

	HORVU.MOREX.r3.5HG0511150
	528117080-528118233
	Potassium channel
	high

	HORVU.MOREX.r3.5HG0511160
	528120721-528121668
	Retrotransposon protein
	low

	HORVU.MOREX.r3.5HG0511170
	528128152-528129930
	Retrotransposon protein
	low

	HORVU.MOREX.r3.5HG0511180
	528133594-528135372
	Retrotransposon protein
	low

	HORVU.MOREX.r3.5HG0511190
	528140881-528144424
	DNA-binding protein with MIZ/SP-RING zinc finger
	low

	HORVU.MOREX.r3.5HG0511200
	528142354-528143421
	Transposase
	high

	HORVU.MOREX.r3.5HG0511210
	528147816-528157990
	MADS box transcription factor
	high



