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	[bookmark: tableS1]Table S1 The number of marks and their distance 

	Types
	Makers
	Chr1
	Chr2
	Chr3
	Chr4
	Chr5
	Chr6
	Chr7
	Chr8
	Chr9
	Chr10
	Totalb
	Makersc

	Numbers
	SNPa
	32844 
	15066 
	22606 
	41097 
	25985 
	26707 
	39256 
	27064 
	11425 
	16750 
	258800 
	78360 

	
	InDela
	15207 
	13579 
	12255 
	11938 
	11807 
	7198 
	10233 
	6968 
	7726 
	6688 
	103600 
	8450 

	Distance, bp
	SNPa
	6698 
	14603 
	9732 
	5353 
	8466 
	8238 
	5604 
	8129 
	19256 
	13134 
	9921 
	20204 

	
	InDela
	14467 
	16201 
	17951 
	18428 
	18633 
	30562 
	21500 
	31574 
	28475 
	32896 
	23069 
	264930 


a From SLAF-seq; b The filtered markers; c Finally applied makers.


	[bookmark: tableS2][bookmark: _Hlk130556872]Table S2 The differentially expressed genes from RNA-seq in QTL interval with GWAS

	№
	QTL
	Chr:start
	(All/Exp/Dif)
I|IIa
	Stage 
(I, II)b
	log2fc
(I|II)b
	Genesc
(Zm00001)
	Descriptionc

	1
	qSD1.1
	1:25293068
	18/15/1
|18/13/2
	II
	0.51|11.34
	d028182
	Protein UPSTREAM of FLC

	
	
	
	
	II
	0.11|-2.66
	d028181
	NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit (NDUFA)

	
	
	
	
	I
	1.81|-0.21
	d028184
	Unknown

	2
	qSD1.2
	1:163900558
	11/8/0
|11/9/2
	II
	0.01|-8.99
	d030861
	PMR5N domain-containing protein (PMR5Np)

	
	
	
	
	II
	0.31|2.91
	d030862
	Ethylene-responsive transcription factor RAP2-11

	3
	qSD1.3
	1:203828336
	13/13/2
|13/11/3
	I,II
	-6.21|10.45
	d031845
	Glycosyltransferase family A (GT-A)

	
	
	
	
	II
	-0.41|-9.7
	d031855
	GDSL esterase/lipase LTL1

	
	
	
	
	I,II
	-6.81|-9.69
	d031848
	ENTH/VHS family protein

	4
	qSD2.1
	2:12151061
	28/21/2
|28/23/3
	II
	0.01|-7.05
	d002430
	GPCR-type G protein 2 (GTGs)

	
	
	
	
	II
	-0.61|-4.53
	d002412
	Xyloglucan endotransglucosylase /hydrolase

	
	
	
	
	II
	0.81|-2.83
	d002436
	Ubiquinol oxidase

	
	
	
	
	I
	-5.51|1.45
	d002425
	Putrescine-binding periplasmic protein

	
	
	
	
	I
	2.81|-1.61
	d002434
	Ubiquinol oxidase

	5
	qSD2.2
	2:188764751
	11/7/0
|11/8/2
	II
	0.01|9.38
	d005799
	LEA type 2 family protein (LEA2)

	
	
	
	
	II
	-0.91|-1.92
	d005802
	SAUR-like auxin-responsive protein family

	6
	qSD4.1
	4:18707673
	8/5/3
|8/7/3
	II
	0.01|-7.07
	d049169
	FAD binding domain 4 protein (FAD4)

	
	
	
	
	II
	0.01|-3.94
	d049168
	CBS domain-containing protein CBSCBSPB1

	
	
	
	
	I,II
	2.41|-3.91
	d049170
	Plastocyanin-like domain containing protein

	
	
	
	
	I
	-11.71|0.51
	d049175
	OSJNBa0043A12.20-like protein

	
	
	
	
	I
	-8.31|-1.11
	d049173
	WRKY DNA-binding domain superfamily protein

	7
	qSD4.2
	4:23578834
	8/5/2
|8/5/2
	II
	0.01|-10.83
	d049265
	O-methyltransferase ZRP4

	
	
	
	
	I,II
	9.61|10.17
	d049267
	Acyl carrier protein (ACP)

	
	
	
	
	I
	10.01|0
	d049266
	Transposase

	8
	qSD4.3
	4:26971160
	11/5/0
|11/5/2
	II
	0.21|-11.09
	d049347
	Orphans transcription factor

	
	
	
	
	II
	0.21|-3.9
	d049336
	Xyloglucan glycosyltransferase (XyG-GT)

	9
	qSD4.4
	4:27663140
	23/18/2
|23/16/2
	I,II
	9.51|-8.06
	d049367
	Histone acetyltransferase type B catalytic subunit

	
	
	
	
	II
	0.21|1.79
	d049359
	O-Glycosyl hydrolase family 17 protein (GH17)

	
	
	
	
	I
	9.21|0
	d049358
	DNA-(Apurinic or apyrimidinic site) lyase chloroplastic

	10
	qSD4.5
	4:157632531
	6/6/2
|6/6/2
	II
	2.51|10.51
	d051424
	Serine/threonine-protein kinase Cx32 chloroplastic

	
	
	
	
	I,II
	16.61|2.45
	d051418
	GDSL esterase/lipase (GEL)

	
	
	
	
	I
	3.01|0.51
	d051420
	Dehydrin3

	11
	qSD4.6
	4:171927530
	14/10/1
|14/11/3
	II
	0.41|8.19
	d051843
	Oligopeptide transporter 5 (OPT5)

	
	
	
	
	II
	0.21|-2.85
	d051842
	Zn-dependent hydrolase, including glyoxylase

	
	
	
	
	II
	0.21|-2.37
	d051841
	Sugar transport protein 5

	
	
	
	
	I
	2.91|-1.81
	d051847
	Delta(24)-sterol reductase

	12
	qSD5.1
	5:165860036
	6/5/1
|6/5/2
	I,II
	2.51|4.12
	d016522
	Serine hydroxymethyltransferase (SHMT)

	
	
	
	
	II
	0.11|2.07
	d016519
	Hypothetical protein

	13
	qSD5.2
	5:179919633
	16/11/3
|16/11/3
	II
	0.01|-9.55
	d016919
	Sugar transport protein 5 (STP5)

	
	
	
	
	II
	2.91|7.7
	d016921
	RING-H2 finger protein ATL13

	
	
	
	
	I,II
	4.51|-2.82
	d016922
	RING-H2 finger protein ATL13

	
	
	
	
	I
	-6.31|0
	d016929
	Replication protein A 70 kDa DNA-binding subunit B

	
	
	
	
	I
	-3.51|-1.21
	d016924
	ETHYLENE INSENSITIVE 3-like 5 protein

	14
	qSD9.1
	9:24210504
	17/16/1
|17/15/4
	II
	-0.11|-12.18
	d027070
	Unknown

	
	
	
	
	II
	-0.61|-1.97
	d045499
	E3 ubiquitin-protein ligase XBAT33

	
	
	
	
	II
	-1.51|-1.69
	d045492
	Pentatricopeptide repeat-containing protein (PPR)

	
	
	
	
	II
	-0.11|1.66
	d045501
	Embryo sac development arrest 7

	
	
	
	
	I
	9.21|-1.12
	d045498
	C2 calcium/lipid-binding domain, CaLB domain containing protein

	15
	qSD9.2
	9:155842571
	22/20/1
|22/17/4
	II
	-0.81|11.89
	d048438
	Epidermal patterning factor-like protein

	
	
	
	
	II
	-2.91|10.96
	d048436
	Protein SHOOT GRAVITROPISM 6

	
	
	
	
	I,II
	9.31|10.24
	d048416
	FAD/NAD(P)-binding oxidoreductase family protein

	
	
	
	
	II
	0.71|8.85
	d048437
	Calmodulin binding protein (CBP)

	16
	qSD10.1
	10:24385380
	5/2/1
|5/3/2
	II
	0.01|8.81
	d023078
	Unknown

	
	
	
	
	II
	-0.81|1.72
	d023851
	Histone-lysine N-methyltransferase ATXR3 (HMT)

	
	
	
	
	I
	-3.61|-0.67
	d023846
	ERAD-associated E3 ubiquitin-protein ligase HRD1A

	17
	qSD10.2
	10:140296538
	22/19/4
|22/15/3
	II
	0.21|-8.56
	d026185
	Chaperone protein dnaJ 3 (DnaJ3)

	
	
	
	
	II
	0.11|-3.39
	d026177
	Aquaporin TIP2-3

	
	
	
	
	II
	-0.11|3.35
	d026182
	Ethylene-responsive transcription factor ERF035

	
	
	
	
	I
	-11.61|0
	d026192
	Phosphoenolpyruvate carboxykinase (ATP)

	
	
	
	
	I
	-9.61|0
	d026175
	Squamosa promoter-binding protein-like (SBP domain) transcription factor family protein

	
	
	
	
	I
	9.31|0
	d026188
	Phytoene synthase chloroplastic

	
	
	
	
	I
	8.11|0
	d026197
	MYB transcription factor9

	a All, Exp, Dif, I and II means all numbers, expressed genes, differentially expressed genes between high and low PHS or GR in QTL intervals, in 14 DAP and 28 DAP, respectively; b In I or II stages most significantly expressed genes; c The gnes ID in B73 RefGen_v4. Candidate genes are shown in bold.





	[bookmark: tableS3]Table S3 The QTL mapping with BinMap, and the expressed genes from RNA-seq

	№
	Enva
	QTL
	Allele
	Chr: Pos (GD, cM/Start)b
	 LODc
	PVE
 (%)
	Co-locusd
	Numbers (All/Exp/Dif)
I|IIe
	log2fc
I/IIe
	Stage 
(I, II)e
	Genesf
(Zm00001)
	Descriptionf

	1
	16B,18B,
19B
	bSD1.1
	CGAT/-
	1:420-422/26904637
	12.74 
	7.39 
	
	10/6/1
|10/8/1
	-1.89/-1.51
	I, II
	d028219
	ATMAP70-2

	2
	18B,19B
	bSD2.1
	A/-
	2:62-64/1711839
	5.02 
	2.25 
	　
	30/28/3
|30/26/1
	-6.92/-7.42
	I, II
	d001835
	Protein ASPARTIC PROTEASE IN GUARD CELL 2

	
	
	
	
	
	
	
	
	
	-5.23/0.96
	I
	d001832
	NDR1/HIN1-like 25

	
	
	
	
	
	
	
	
	
	-5.21/0.00
	I
	d001850
	Magnesium chelatase

	3
	16B,18B
	bSD2.2
	TA/-
	2:135-137/11996783
	9.74 
	2.34 
	qSD2.1
	28/21/2
|28/23/3
	0.00/-7.05
	II
	d002430
	GPCR-type G protein 2 (GTGs)

	
	
	
	
	
	
	
	
	
	-0.61/-4.53
	II
	d002412
	Xyloglucan endotransglucosylase/hydrolase

	
	
	
	
	
	
	
	
	
	0.81/-2.83
	II
	d002436
	Ubiquinol oxidase

	
	
	
	
	
	
	
	
	
	-5.51/1.45
	I
	d002425
	Putrescine-binding periplasmic protein-related

	
	
	
	
	
	
	
	
	
	2.81/-1.61
	I
	d002434
	Ubiquinol oxidase

	4
	18B,19B
	bSD2.3
	T/-
	2:444-446/189704264
	6.38 
	2.24 
	qSD2.2
	11/7/0
|11/8/2
	0.00/9.38
	II
	d005799
	LEA type 2 family protein (LEA2)

	
	
	
	
	
	
	
	
	
	-0.91/-1.92
	II
	d005802
	SAUR-like auxin-responsive protein family

	5
	17B,18B,
19B
	bSD3.1
	C/-
	3:104-106/128630644
	8.26 
	3.07 
	　
	9/4/1
|9/5/0
	9.26/0.35
	I
	d041589
	Ankyrin repeat family protein

	6
	16B,18B
	bSD3.2
	A/-
	3:290-292/174861054
	15.28
	2.46 
	
	7/4/1
|7/4/1
	9.68/0.00
	I
	d042677
	SKP1-like protein 1A

	
	
	
	
	
	
	
	
	
	0.00/-9.76
	II
	d042679
	Cytochrome P450 71B2

	7
	17B,18B
	bSD4.1
	CAA/-
	4:632-634/20098965
	7.45 
	2.15 
	　
	8/5/0
|8/5/1
	0.22/1.21
	II
	d049201
	Putative cytochrome P450 superfamily protein

	8
	16B,18B,
19B
	bSD5.1
	A/-
	5:157-159/20156049
	7.36 
	3.56 
	
	13/10/2
|13/9/1
	-7.48/0.00
	I
	d013792
	Agamous-like MADS-box protein AGL80

	
	
	
	
	
	
	
	
	
	-2.27/-3.32
	I, II
	d013794
	Conserved hypothetical protein

	9
	16B,17B
	bSD6.1
	AA/-
	6:122-124/105403286
	8.48 
	3.10 
	　
	21/14/1
|21/13/2
	-10.55/0.00
	I
	d036874
	Non-specific lipid-transfer protein

	
	
	
	
	
	
	
	
	
	0.00/-10.12
	II
	d036893
	VQ domain-containing protein

	
	
	
	
	
	
	
	
	
	0.00/7.05
	II
	d036887
	Putative leucine-rich repeat receptor-like protein kinase family protein

	10
	18B
	bSD6.2
	T/-
	6:1291-1293/146564443
	6.19 
	1.58 
	
	21/19/1
|21/19/1
	10.23/-11.57
	I, II
	d038069
	Putative thaumatin domain family protein

	11
	16B,17B
	bSD7.1
	CA/-
	7:87-89/13590566
	9.52 
	2.37 
	　
	13/11/1
|13/9/2
	1.03/-4.14
	I, II
	d019030
	unknown

	
	
	
	
	
	
	
	
	
	-0.65/-2.51
	II
	d019035
	Thioredoxin

	12
	16B,17B,
19B
	bSD8.1
	GAGAAGCATAGC/-
	8:73-75/16966389
	13.09 
	3.88 
	
	16/5/1
|16/5/1
	2.48/2.04
	I, II
	d008676
	Expressed protein

	13
	18B,19B
	bSD8.2
	G/-
	8:184-186/105573868
	9.44 
	2.33 
	　
	14/11/2
|14/12/1
	-7.65/-1.13
	I
	d010249
	MLO-like protein

	
	
	
	
	
	
	
	
	
	6.04/1.27
	I
	d010258
	Protein kinase superfamily protein

	
	
	
	
	
	
	
	
	
	0.00/-8.74
	II
	d010257
	PMEAMT

	14
	16B,18B,
BLUP
	bSD8.3
	TAT/-
	8:978-980/139022272
	8.83 
	6.81 
	
	14/10/1
|14/10/1
	9.01/0.00
	I
	d011105
	Os05g0406600-like protein

	
	
	
	
	
	
	
	
	
	0.02/-8.34
	II
	d011110
	PNC2

	15
	16B,18B,
19B
	bSD9.1
	T/-
	9:29-31/10868261
	6.39 
	3.21 
	　
	16/12/1
|16/14/2
	-2.18/-2.48
	I, II
	d045047
	Anaphase-promoting complex subunit 4

	
	
	
	
	
	
	
	
	
	0.00/-9.96
	II
	d045045
	Tesmin/TSO1-like, CXC domain containing protein

	16
	18B
	bSD9.2
	T/-
	9:1280-1282/13705841
	5.40 
	1.53 
	
	16/12/2
|16/13/2
	-7.41/-2.20
	I, II
	d045130
	Putative UPF0481 protein

	
	
	
	
	
	
	
	
	
	-2.94/-0.64
	I
	d045138
	Heparanase-like protein 3

	
	
	
	
	
	
	
	
	
	1.11/-8.98
	II
	d045135
	Putative 2-oxoglutarate-dependent dioxygenase AOP1

	17
	16B,18B
	bSD10.1
	A/-
	10:1488-1490/138535594
	12.48
	2.39 
	　
	17/14/3
|17/11/2
	-13.32/0.00
	I
	d026102
	Aluminum-activated malate transporter 10

	
	
	
	
	
	
	
	
	
	-12.26/0.00
	I
	d026113
	Naked endosperm2

	
	
	
	
	
	
	
	
	
	9.46/0.00
	I
	d026098
	Nucleic acid-binding, OB-fold-like protein

	
	
	
	
	
	
	
	
	
	3.31/-9.30
	II
	d026097
	Transcription factor bHLH157

	
	
	
	
	
	
	
	
	
	7.02/9.27
	II
	d026111
	Argonaute1b

	18
	16B,17B,
19B
	bSD10.2
	CA/-
	10:1543-1545/143078327
	8.56 
	3.49 
	
	23/22/4
|23/19/1
	11.40/0.00
	I
	d026291
	DNA methyl transferase2

	
	
	
	
	
	
	
	
	
	11.21/0.00
	I
	d026296
	Trypsin family protein

	
	
	
	
	
	
	
	
	
	9.85/0.00
	I
	d026304
	Putative WRKY transcription factor 33

	
	
	
	
	
	
	
	
	
	5.32/-9.29
	I, II
	d026303
	Non-specific serine/threonine protein kinase

	a,d,e 16B – 20B, Blup, co-located QTLs, Total, Exp, Dif, I, II, fc and Reg see in Table 1; b GP and PP mean genetic distances (cM) and physical distances (bp; B73 RefGen_v4); c The threshold of LOD score is five; f The bold fonts as candidate genes and function in QTL intervals. 






	[bookmark: tableS4]Table S4 The QTL mapping for PHS with GWAS of 368 maize lines 

	№
	QTLa
	Alleles
	Chr:start/end
	SNPsb
	-log10(p)c
	PVE(%)
	Co-locus

	1
	mSD1.1
	T/G
	1:17166820
	3
	6.11 
	10.13 
	

	2
	mSD1.2
	A/G
	1:62650000
	2
	6.08 
	9.91 
	

	3
	mSD1.3
	A/G
	1:229621291
	1
	9.70 
	16.04 
	

	4
	mSD2.1
	C/G
	2:11950922
	2
	6.56 
	3.65 
	qSD2.1; bSD2.2

	5
	mSD2.2
	A/T
	2:171246301
	2
	5.80 
	9.47 
	

	6
	mSD2.3
	A/C
	2:188635192
	6
	5.81 
	8.27 
	qSD2.2; bSD2.4

	7
	mSD3.1
	T/C
	3:183863902
	1
	7.98 
	14.94 
	

	8
	mSD5.1
	A/G
	5:200027174
	1
	6.46 
	9.92 
	

	9
	mSD6.1
	A/G
	6:89384598
	1
	6.15 
	9.97 
	

	10
	mSD6.2
	T/C
	6:161655878
	1
	8.64 
	13.18 
	

	11
	mSD8.1
	A/G
	8:170464260
	1
	6.03 
	9.76 
	

	12
	mSD9.1
	T/C
	9:12946446
	2
	7.88 
	12.41 
	

	13
	mSD9.2
	A/G
	9:153516206
	1
	6.07 
	10.74 
	

	14
	mSD10.1
	T/C
	10:2565906
	1
	6.04 
	9.85 
	

	15
	mSD10.2
	A/G
	10:113989721
	1
	7.90 
	12.98 
	

	16
	mSD10.3
	A/C
	10:123944396
	2
	6.80 
	10.84 
	

	17
	mSD10.4
	A/G
	10:128448638
	4
	5.86 
	10.56 
	

	a With PHS of BLUP in Baoding 2016 – 2018; b The numbers of significant associated SNP in QTL; c with threshold 1/n (-log10(1/n) = -log10(1/556,000) = 5.75).



	[bookmark: tableS5]Table S5 The phenotypic evaluation for GWAS with PHS of 368 maize lines

	Enva
	Range
	Mean ± SD
	Skewness
	Kurtosis
	H2 (%)

	16B
	1.00 ± 1.12 – 9.00 ± 2.32
	1.84 ± 2.22
	2.50 
	4.50 
	91.60 

	17B
	1.00 ± 1.41 – 9.00 ± 1.35
	1.73 ± 2.18
	2.80 
	6.10 
	93.81 

	18B
	1.00 ± 1.54 – 9.00 ± 2.61
	1.27 ± 1.30
	5.20 
	6.50 
	95.87 

	BLUP
	1.00 ± 1.01 – 9.00 ± 1.62
	3.56 ± 1.30
	2.60 
	6.80 
	98.45 

	a 16B – 18B, BLUP see in Table 1.



[bookmark: tableS6]Table S6 The QTL mapping for GWAS with PHS of 368 maize lines
	QTLa
	Alleles
	Chr:start
	SNPsb
	-log10(p)c
	PVE (%)
	Co-locus

	mSD1.1
	T/G
	1:17166820
	3
	6.11 
	10.13 
	

	mSD1.2
	A/G
	1:62650000
	2
	6.08 
	9.91 
	

	mSD1.3
	A/G
	1:229621291
	1
	9.70 
	16.04 
	

	mSD2.1
	C/G
	2:11950922
	2
	6.56 
	3.65 
	qSD2.1; bSD2.2

	mSD2.2
	A/T
	2:171246301
	2
	5.80 
	9.47 
	

	mSD2.3
	A/C
	2:188635192
	6
	5.81 
	8.27 
	qSD2.2; bSD2.4

	mSD3.1
	T/C
	3:183863902
	1
	7.98 
	14.94 
	

	mSD5.1
	A/G
	5:200027174
	1
	6.46 
	9.92 
	

	mSD6.1
	A/G
	6:89384598
	1
	6.15 
	9.97 
	

	mSD6.2
	T/C
	6:161655878
	1
	8.64 
	13.18 
	

	mSD8.1
	A/G
	8:170464260
	1
	6.03 
	9.76 
	

	mSD9.1
	T/C
	9:12946446
	2
	7.88 
	12.41 
	

	mSD9.2
	A/G
	9:153516206
	1
	6.07 
	10.74 
	

	mSD10.1
	T/C
	10:2565906
	1
	6.04 
	9.85 
	

	mSD10.2
	A/G
	10:113989721
	1
	7.90 
	12.98 
	

	mSD10.3
	A/C
	10:123944396
	2
	6.80 
	10.84 
	

	mSD10.4
	A/G
	10:128448638
	4
	5.86 
	10.56 
	


a With PHS by BLUP in Baoding 2016 - 2018; b The numbers of significant associated SNPs in QTL; c with threshold 1/n (-log10(1/n) = -log10(1/556,000) = 5.75).






	[bookmark: tableS7]Table S7 The primers used for qRT-PCR

	№
	Gene ID
	Types
	F: forward primer (5'-3')
	R: reverse primer (5'-3')

	1
	Zm00001d014957
	RNA-seq
	GTGTTGGAGCCAGAGAAAGC
	TGTCGGATTAGTGGCACCAT

	2
	Zm00001d015589
	RNA-seq
	GTCATAAAGGAGACGCTGCG
	CCCTTGAAGTCTCGTCCACT

	3
	Zm00001d024302
	RNA-seq
	CGCTGCCACGTGAGTATAAG
	CCGTCGTAGTGTGAGAGCAG

	4
	Zm00001d024303
	RNA-seq
	TAGTCGACCAAGCACAAGCA
	GCTAGCACTCCCTGATGCAC

	5
	Zm00001d028408
	RNA-seq
	AGCGTGAGCTCCTACGACAT
	CAACCCACGCTAGTGCTACA


	6
	Zm00001d028486
	RNA-seq
	CTTTTAGCGGCGAGAGACTG

	GATGGGTGGAGAGAACGTGT


	7
	Zm00001d028561
	RNA-seq
	AACAAGGAGCACGAGGAGAA
	TGATCTGGACGTTCTTGACG

	8
	Zm00001d029778
	RNA-seq
	CTGTAGACCTTGGGGCTCTG
	CGATCGACGCCTCTTAATTT

	9
	Zm00001d031555
	RNA-seq
	ACTCATGGGATCCTGAATGC
	ACAGGTTTCCGAGATGGATG

	10
	Zm00001d038810
	RNA-seq
	AACTTCAAGCAGGTCGTCCA
	AGGTTGTTCTTGCCGATCC

	11
	Zm00001d047841
	RNA-seq
	AGCAGCCAAGAAAAGCACAT
	AAGGGAAATAAGCCCTGGAA

	12
	Zm00001d048533
	RNA-seq
	GAAGCGCCTCTTCCAAGC
	AGCTGAGCACCATGTTTCGT

	13
	Zm00001d049641 (GAPDH)
	inner reference
	CGGCATTGTTGAGGGTTTGA
	ACAACCGAGACATCCACAGT

	14
	At1G27450 (APT1)
	inner reference
	AGTCATTGATCACGGCTTTTGTCCA
	ACGGTTGCAAGGAACAGCACGA

	15
	At5G12250(β-tubulin)
	inner reference
	TATCAACAGTATCAGGATGCGAC
	CGAACAATCAAAACCACCATAA



	[bookmark: tableS8]Table S8. Expression values of differential expression genes RNA-seq versus qRT-PCR 

	Types
	Stage
	Genes
(Zm00001)
	H1
	L1
	log2fc1
	H2
	L2
	log2fc2
	H3
	L3
	log2fc3
	log2fcMean

	RNA-seqa
	17 DAP
	d014957
	331.79 
	278.30 
	0.25 
	266.94 
	223.91 
	0.27 
	222.27 
	186.44 
	0.37 
	0.30 

	
	
	d015589
	1.59 
	6.05 
	-1.93 
	3.32 
	12.60 
	-2.04 
	5.68 
	21.58 
	-2.83 
	-2.26 

	
	
	d024302
	27.04 
	65.54 
	-1.28 
	25.12 
	60.88 
	-1.35 
	7.45 
	18.07 
	-1.88 
	-1.50 

	
	
	d024303
	14.30 
	33.03 
	-1.21 
	16.15 
	37.32 
	-1.28 
	3.96 
	9.15 
	-1.78 
	-1.42 

	
	
	d028408
	5.13 
	10.43 
	-1.02 
	4.40 
	8.95 
	-1.08 
	2.13 
	4.33 
	-1.51 
	-1.20 

	
	
	d028486
	9.74 
	13.41 
	-0.46 
	2.96 
	4.08 
	-0.49 
	3.05 
	4.21 
	-0.68 
	-0.54 

	
	
	d028561
	7.18 
	22.88 
	-1.67 
	4.02 
	12.81 
	-1.77 
	7.36 
	23.45 
	-2.46 
	-1.97 

	
	
	d029778
	24.13 
	47.51 
	-0.98 
	29.16 
	57.42 
	-1.04 
	28.08 
	55.29 
	-1.44 
	-1.15 

	
	
	d031555
	4.89 
	23.78 
	-2.28 
	11.02 
	53.62 
	-2.42 
	18.75 
	91.24 
	-3.36 
	-2.69 

	
	
	d038810
	1.42 
	8.85 
	-2.64 
	2.83 
	17.67 
	-2.80 
	11.50 
	71.73 
	-3.88 
	-3.11 

	
	
	d047841
	4.44 
	10.97 
	-1.30 
	1.98 
	4.89 
	-1.38 
	7.73 
	19.09 
	-1.92 
	-1.53 

	
	
	d048533
	5.70 
	22.44 
	-1.98 
	10.36 
	40.76 
	-2.09 
	50.46 
	198.50 
	-2.91 
	-2.32 

	
	28 DAP
	d014957
	444.54 
	1633.95 
	-1.88 
	223.34 
	820.92 
	-1.99 
	170.47 
	626.57 
	-2.76 
	-2.21 

	
	
	d015589
	2.47 
	2.08 
	0.25 
	1.75 
	1.48 
	0.26 
	2.67 
	2.25 
	0.36 
	0.29 

	
	
	d024302
	5208.23 
	16742.17 
	-1.68 
	3218.11 
	10344.82 
	-1.78 
	3370.88 
	10835.92 
	-2.48 
	-1.98 

	
	
	d024303
	2116.66 
	7130.28 
	-1.75 
	1559.64 
	5253.89 
	-1.86 
	2059.75 
	6938.59 
	-2.58 
	-2.06 

	
	
	d028408
	37.72 
	105.92 
	-1.49 
	105.87 
	297.28 
	-1.58 
	2.46 
	6.90 
	-2.19 
	-1.75 

	
	
	d028486
	16.70 
	67.38 
	-2.01 
	10.95 
	44.18 
	-2.13 
	12.88 
	51.95 
	-2.96 
	-2.37 

	
	
	d028561
	54.35 
	154.39 
	-1.51 
	120.83 
	343.21 
	-1.59 
	1.07 
	3.05 
	-2.21 
	-1.77 

	
	
	d029778
	3765.76 
	15026.58 
	-2.00 
	1795.58 
	7164.95 
	-2.11 
	2073.14 
	8272.48 
	-2.94 
	-2.35 

	
	
	d031555
	12.73 
	10.49 
	0.28 
	5.16 
	4.25 
	0.30 
	3.89 
	3.20 
	0.41 
	0.33 

	
	
	d038810
	5.79 
	2.77 
	1.06 
	2.42 
	1.16 
	1.13 
	3.03 
	1.45 
	1.56 
	1.25 

	
	
	d047841
	47.82 
	135.49 
	-1.50 
	118.77 
	336.51 
	-1.59 
	2.15 
	6.09 
	-2.21 
	-1.77 

	
	
	d048533
	27.63 
	19.22 
	0.52 
	12.26 
	8.53 
	0.55 
	10.68 
	7.43 
	0.77 
	0.62 

	qRT-PCRb
	17 DAP
	d014957
	8.37 
	7.33 
	0.19 
	8.06 
	6.82 
	0.24 
	7.80 
	5.79 
	0.43 
	0.29 

	
	
	d015589
	0.67 
	2.26 
	-1.75 
	1.73 
	8.59 
	-2.31 
	2.51 
	42.68 
	-4.09 
	-2.72 

	
	
	d024302
	4.76 
	11.05 
	-1.22 
	4.65 
	14.15 
	-1.61 
	2.90 
	20.75 
	-2.84 
	-1.89 

	
	
	d024303
	3.84 
	6.73 
	-0.81 
	4.01 
	8.43 
	-1.07 
	1.99 
	7.38 
	-1.89 
	-1.26 

	
	
	d028408
	2.36 
	3.89 
	-0.72 
	2.14 
	4.14 
	-0.95 
	1.09 
	3.51 
	-1.69 
	-1.12 

	
	
	d028486
	3.28 
	4.70 
	-0.52 
	1.57 
	2.47 
	-0.65 
	1.61 
	3.59 
	-1.16 
	-0.78 

	
	
	d028561
	2.84 
	10.14 
	-1.83 
	2.01 
	10.75 
	-2.42 
	2.88 
	56.06 
	-4.28 
	-2.85 

	
	
	d029778
	4.59 
	8.91 
	-0.96 
	4.87 
	11.67 
	-1.26 
	4.81 
	22.60 
	-2.23 
	-1.48 

	
	
	d031555
	2.29 
	11.34 
	-2.31 
	3.46 
	28.65 
	-3.05 
	4.23 
	177.77 
	-5.39 
	-3.58 

	
	
	d038810
	0.50 
	2.05 
	-2.02 
	1.50 
	9.55 
	-2.67 
	3.52 
	92.83 
	-4.72 
	-3.14 

	
	
	d047841
	2.15 
	4.46 
	-1.05 
	0.99 
	2.59 
	-1.39 
	2.95 
	16.22 
	-2.46 
	-1.63 

	
	
	d048533
	2.51 
	5.35 
	-1.09 
	3.37 
	9.16 
	-1.44 
	5.66 
	33.13 
	-2.55 
	-1.69 

	
	
	GAPDH
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	28 DAP
	d014957
	8.80 
	49.94 
	-2.51 
	7.80 
	50.06 
	-2.68 
	7.41 
	219.13 
	-4.89 
	-3.36 

	
	
	d015589
	1.30 
	1.13 
	0.21 
	0.81 
	0.67 
	0.26 
	1.42 
	1.02 
	0.47 
	0.31 

	
	
	d024302
	12.35 
	32.47 
	-1.39 
	11.65 
	32.80 
	-1.49 
	11.72 
	77.22 
	-2.72 
	-1.87 

	
	
	d024303
	11.05 
	41.76 
	-1.92 
	10.61 
	44.02 
	-2.05 
	11.01 
	147.18 
	-3.74 
	-2.57 

	
	
	d028408
	5.24 
	15.61 
	-1.58 
	6.73 
	21.65 
	-1.69 
	1.30 
	10.92 
	-3.07 
	-2.11 

	
	
	d028486
	4.06 
	21.26 
	-2.39 
	3.45 
	20.31 
	-2.56 
	3.69 
	93.01 
	-4.66 
	-3.20 

	
	
	d028561
	5.76 
	19.33 
	-1.75 
	6.92 
	25.26 
	-1.87 
	0.10 
	1.08 
	-3.40 
	-2.34 

	
	
	d029778
	11.88 
	33.02 
	-1.47 
	10.81 
	39.24 
	-1.86 
	11.02 
	86.51 
	-2.97 
	-2.10 

	
	
	d031555
	3.67 
	3.20 
	0.20 
	2.37 
	1.99 
	0.25 
	1.96 
	1.45 
	0.44 
	0.29 

	
	
	d038810
	2.53 
	1.21 
	1.06 
	1.27 
	0.50 
	1.34 
	1.60 
	0.31 
	2.37 
	1.59 

	
	
	d047841
	5.58 
	15.55 
	-1.48 
	6.89 
	20.65 
	-1.58 
	1.10 
	8.14 
	-2.88 
	-1.98 

	
	
	d048533
	4.79 
	3.64 
	0.40 
	3.62 
	2.56 
	0.50 
	3.42 
	1.85 
	0.88 
	0.59 

	
	
	GAPDH
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	a The expression level (rpkm) from high (H1–3) low PHS (L1–3); b The endogenous control as GAPDH (NC_050099). n =5.



	[bookmark: tableS9]Table S9 The expression levels of alternative splicing in QTL interval

	QTL
	Chr:Start
	Gene ID
(Zm00001)
	Numbersa
	Expression
H/L/|log2(H/L)|(I|II)b
	Reg(I/II)b

	qSD1.1
	1:25715085
	d028181
	2 
	119.88/129.79/0.03|0.09/0.23/0.42
	down/down

	
	1:25720877
	d028182
	2 
	4.25/6.2/0.16|0/0/0.05
	down/up

	
	1:25734022
	d028184
	3 
	7.97/29.4/0.57|0.01/0.01/0.07
	down/down

	qSD1.2
	1:163900558
	d030861
	0 
	　
	　

	qSD1.3
	1:203911284
	d031845
	2 
	0.02/0/3.33|0/0/4.32
	up/up

	
	1:203990154
	d031848
	2 
	0.03/0/3.51|0/0/3.92
	up/down

	qSD2.1
	2:12176650
	d002412
	2 
	1.01/0.65/0.19|0/0.01/1.36
	up/down

	
	2:12403956
	d002425
	4 
	0.82/0.03/1.46|0/0/0.44
	up/up

	
	2:12498275
	d002432
	2 
	0/0/0|0/0/3.6
	no/down

	
	2:12564577
	d002434
	2 
	0.42/3.01/0.85|0/0/0.49
	down/down

	
	2:12637877
	d002436
	2 
	2.46/4.35/0.25|0/0.03/0.85
	down/down

	qSD2.2
	2:189029245
	d005799
	2 
	0/0/0|0/0/4.3
	no/up

	qSD4.1
	4:18891863
	d049168
	2 
	0/0/0|0/0/3.54
	no/down

	
	4:19000755
	d049170
	2 
	0.18/0.98/0.73|0/0.01/1.18
	down/down

	
	4:19025176
	d049173
	2 
	0.1/0/3.99|0/0/0.33
	up/down

	
	4:19196981
	d049175
	2 
	1.02/0/5.01|0/0/0.15
	up/up

	qSD4.2
	4:23633672
	d049265
	2 
	0/0/0|0/0/5.11
	no/down

	
	4:23695704
	d049266
	2 
	0/0.31/4.49|0/0/0
	down/no

	
	4:23797855
	d049267
	2 
	0/0.23/4.37|0/0/0.02
	down/up

	qSD4.3
	4:27048627
	d049336
	2 
	0.1/0.11/0.07|0/0/1.35
	down/down

	qSD4.4
	4:27763610
	d049358
	2 
	0/0.18/4.25|0/0/0
	down/no

	
	4:27806884
	d049359
	2 
	6.89/8.12/0.07|0/0/0.54
	down/up

	
	4:28009164
	d049367
	2 
	0/0.21/4.33|0/0/3.9
	down/down

	qSD4.5
	4:157820475
	d051418
	2 
	0/29.51/6.47|0/0/0.74
	down/up

	
	4:157872166
	d051420
	3 
	40.5/274.8/0.83|0.04/0.03/0.18
	down/up

	
	4:158063199
	d051424
	2 
	0.26/1.47/0.76|0/0/4.64
	down/up

	qSD4.6
	4:171944564
	d051841
	2 
	0.98/1.13/0.06|0/0.02/0.71
	down/down

	
	4:171960302
	d051842
	9 
	1.06/0.95/0.05|0/0.01/0.99
	up/down

	
	4:171965697
	d051843
	2 
	0.17/0.23/0.14|0/0/4.24
	down/up

	
	4:172100463
	d051847
	2 
	0.08/0.59/0.87|0/0/0.55
	down/down

	qSD5.1
	5:165895167
	d016519
	6 
	10.11/10.72/0.03|0/0/0.52
	down/down

	qSD5.2
	5:180064517
	d016921
	4 
	0.07/0.52/0.86|0/0/3.79
	down/up

	
	5:180066187
	d016922
	30 
	0.01/0.49/1.65|0/0/0.81
	down/down

	
	5:180259252
	d016929
	2 
	0.05/0/3.67|0/0/0
	up/no

	qSD9.1
	9:24420777
	d045492
	4 
	20.12/3.98/0.7|0.01/0.01/0.17
	up/down

	
	9:24456079
	d027070
	2 
	1.95/1.88/0.02|0/0/0.09
	up/down

	
	9:24598570
	d045499
	2 
	0.49/0.32/0.18|0/0/0.17
	up/down

	
	9:24651819
	d045501
	11 
	4.47/1.66/0.43|0/0/0.35
	up/up

	qSD9.2
	9:155900011
	d048416
	2 
	0/0.19/4.28|0/0/0.49
	down/down

	
	9:156317542
	d048436
	7 
	0.27/0.02/1.22|0/0/0.26
	up/up

	
	9:156326677
	d048437
	4 
	3.09/5.1/0.22|0/0/0.36
	down/up

	
	9:156333273
	d048438
	2 
	1.06/0.59/0.25|0/0/0.24
	up/up

	qSD10.1
	10:24407598
	d023846
	31 
	8.06/8.7/0.03|0.06/0.1/0.23
	down/down

	
	10:24701388
	d023851
	2 
	4.88/2.71/0.25|0/0/0.04
	up/down

	
	10:83886418
	d024693
	2 
	0/0.03/3.41|0/0/3.42
	down/up

	
	10:84015105
	d024699
	2 
	0.09/0.33/0.57|0/0/0.05
	down/down

	qSD10.2
	10:140333912
	d026175
	2 
	0.23/0/4.36|0/0/0
	up/no

	
	10:140377176
	d026177
	2 
	0.33/0.37/0.04|0/0/1.02
	down/down

	
	10:140536234
	d026185
	2 
	1.18/1.32/0.05|0/0/4.05
	down/down

	
	10:140548621
	d026188
	2 
	0/0.19/4.27|0/0/0
	down/no

	
	10:140675801
	d026192
	156 
	1.4/1.62/0.06|0/0/0.01
	down/down

	
	10:140757698
	d026197
	2 
	0/0.08/3.93|0/0/0
	down/no

	The bold fonts as candidate genes in QTL intervals; a The numbers of alternative splicings and intervals in each alternative splicing; b I and II means at 14 DAP and 28 DAP. 



	[bookmark: tableS10]Table S10 Pathway, modules and their hub genes with WGCNA by RNA-seq

	Groups/Numbersa
	Pathways of groupsa
	Modules
	Hub genesb
(Zm00001)
	Chr/Startb
	Description
	Connectivity
	Expression, log2fc (I/II)c

	M1/5
	Lipid/secondary metabolites mediate ribosome/hormone regulation for cell proliferation
	blue
	d015589
	5/100023067
	Premnaspirodiene oxygenase (PPOG)
	2602.8 
	-2.1/0.1

	
	
	
	d031555
	1/194120554
	Cytochrome b561 (CYB561)
	2601.3 
	-3.1/0.1

	
	
	
	d011649
	8/157447787
	Glycosyltransferase (GT)
	2600.3 
	-1.1/1.1

	
	
	
	d054067
	4/245806161
	Linolenate hydroperoxide lyase (HPL)
	2596.8 
	-2.1/0.1

	
	
	
	d047340
	9/126972983
	Allene oxide cyclase (AOC)
	2594.2 
	-2.1/1.1

	
	
	
	d011454
	8/150927227
	Carbonic anhydrase (CA)
	2592.6 
	-2.1/1.1

	
	
	
	d048533
	9/157948405
	Cyclin-dependent protein kinase inhibitor EL2 (CDK_EL2)
	2587.7 
	-2.1/1.1

	
	
	
	d038810
	6/164906424
	DNA-binding WRKY (WRKY)
	2585.8 
	-3.1/1.1

	
	
	
	d034991
	6/1288136
	Polyadenylate-binding protein 1-B-binding protein (PABP)
	2585.6 
	-2.1/1.1

	
	
	
	d044008
	3/216391026
	Myosin heavy chain-like (MHCl)
	2585.0 
	-2.1/0.1

	
	
	red
	d039942
	3/20067714
	16.9 kDa class I heat shock protein 3 (hsp16.9C)
	767.0 
	-1.1/-2.1

	
	
	
	d028561
	1/39214417
	17.4 kDa class I heat shock protein 3 (hsp17.4C)
	745.0 
	-2.1/-2.1

	
	
	
	d047841
	9/143024246
	17.4 kDa class I heat shock protein (hsp17.4C)
	739.0 
	-2.1/-2.1

	
	
	
	d028408
	1/33789050
	Heat shock protein26 (hsp26)
	736.0 
	-1.1/-2.1

	
	
	
	d045478
	9/23695040
	Histone H1 (H1)
	723.0 
	0.1/-1.1

	
	
	
	d052620
	4/195052534
	Arginine and glutamate-rich 1 (AGR1)
	706.0 
	0.1/-1.1

	
	
	
	d047663
	9/138531558
	4-coumarate--CoA ligase (4CL)
	689.0 
	1.1/-1.1

	
	
	
	d032268
	1/219850205
	Solute carrier family 25 protein (SLC25)
	672.0 
	0.1/-1.1

	
	
	
	d006595
	2/211789967
	Diacylglycerol kinase (DGK)
	648.0 
	1.1/-1.1

	
	
	
	d005329
	2/169718350
	Haloacid dehalogenase-like hydrolase (HAD)
	632.0 
	1.1/-1.1

	
	
	turquoise
	d026681
	10/149805350
	AT14A like proteins (At14a)
	1394.0 
	0.1/0.1

	
	
	
	d039859
	3/16955374
	Metallothionein-like protein type 2 (MTLP2)
	1311.0 
	-1.1/-1.1

	
	
	
	d025551
	10/122019302
	Polyadenylate-binding protein RBP47B (RBP47B)
	1285.0 
	0.1/0.1

	
	
	
	d015376
	5/87051940
	Phosphoglycerate kinase (PGK)
	1256.0 
	0.1/1.1

	
	
	
	d006011
	2/195231015
	E3 ubiquitin-protein ligase UPL5 (UPL5)
	1247.0 
	0.1/0.1

	
	
	
	d000005
	B73V4_ctg150/272045
	Chromosome segregation ATPase (CS-ATPase)
	1246.0 
	0.1/1.1

	
	
	
	d003438
	2/44457553
	WRKY transcription factor 19 (WRKY19)
	1235.0 
	0.1/0.1

	
	
	
	d017121
	5/186104976
	Glyceraldehyde-3-phosphate dehydrogenase4 (GAPDH4)
	1221.0 
	0.1/1.1

	
	
	
	d048794
	4/5640579
	Phosphoserine phosphatase (PSPH)
	1183.0 
	0.1/0.1

	
	
	
	d003103
	2/32308213
	F-box protein (F-box)
	1161.0 
	0.1/1.1

	
	
	black
	d014957
	5/69975365
	Translationally-controlled tumor protein-like protein (TCTP)
	476.0 
	0.1/-2.1

	
	
	
	d039106
	6/170128583
	40S ribosomal protein S12 (RPS12)
	463.0 
	0.1/-2.1

	
	
	
	d012160
	8/169176092
	Ribosomal protein L13 protein (RPL13)
	453.0 
	0.1/-1.1

	
	
	
	d037787
	6/137836005
	CNH domain-containing protein (CNH)
	450.0 
	0.1/-1.1

	
	
	
	d014416
	5/45484963
	DEK_C domain-containing protein (DEK_C)
	449.0 
	0.1/-2.1

	
	
	
	d047500
	9/132754246
	60S ribosomal protein L22-2 (RPL22-2)
	443.0 
	0.1/-2.1

	
	
	
	d034048
	1/282391967
	Cytochrome b5 isoform A (CYB5A)
	434.0 
	-1.1/-2.1

	
	
	
	d017324
	5/192702495
	Replication factor A protein 2 (RFA2)
	425.0 
	0.1/-1.1

	
	
	
	d035468
	6/28113842
	TFIID_20kDa domain-containing protein (TFIID)
	397.0 
	0.1/-2.1

	
	
	
	d028486
	1/36754520
	Plantacyanin domain-containing protein (PC)
	389.0 
	-1.1/-2.1

	
	
	green
	d032298
	1/220971335
	Trehalose-6-phosphate phosphatase1 (T6PP1)
	752.0 
	2.1/-1.1

	
	
	
	d020607
	7/124671830
	Auxin_repressed super family (AuxinR)
	707.0 
	2.1/-1.1

	
	
	
	d045311
	9/18788726
	Lipase ROG1 protein (ROG1)
	670.0 
	2.1/-1.1

	
	
	
	d038846
	6/165730468
	Protein-serine/threonine phosphatase (STP)
	640.0 
	1.1/0.1

	
	
	
	d045312
	9/18798375
	F-box protein MAX2 (MAX2)
	613.0 
	0.1/0.1

	
	
	
	d004553
	2/117599896
	C3HC4-type RING finger protein (RZFP)
	602.0 
	1.1/0.1

	
	
	
	d032955
	1/244544978
	PDDEXK-like family protein (PDDEXK)
	582.0 
	1.1/0.1

	
	
	
	d012005
	8/166369165
	Histidine kinase (HK)
	570.0 
	1.1/0.1

	
	
	
	d011985
	8/165936679
	TCP transcription factor (TCP)
	560.0 
	1.1/0.1

	
	
	
	d038143
	6/149267387
	GDSL esterase/lipase (GEL)
	559.0 
	1.1/0.1

	M2/1
	AFP1/OBAP1 mediated hormone regulation of dehydration tolerance
	yellow
	d029778
	1/86529694
	Metallothionein2 (MT2)
	934.0 
	-1.1/-2.1

	
	
	
	d024303
	10/62903387
	Defensin-like protein 1 (AFP1)
	923.0 
	-1.1/-2.1

	
	
	
	d032372
	1/224206626
	Alanine and glycine-rich protein (AGR)
	891.0 
	1.1/-2.1

	
	
	
	d024302
	10/62902288
	Defensin-like protein 1 (AFP1)
	888.0 
	-2.1/-2.1

	
	
	
	d047779
	9/141540110
	Angiotensin-converting enzyme 2 (ACE2)
	882.0 
	1.1/-2.1

	
	
	
	d042030
	3/147850935
	LEA_2 domain-containing protein (LEA2) 
	873.0 
	-1.1/-3.1

	
	
	
	d048709
	4/3833330
	Tryptophan synthase (TrpS)
	872.0 
	0.1/-2.1

	
	
	
	d052010
	4/176412462
	Calcineurin subunit B (CNB)
	861.0 
	1.1/-2.1

	
	
	
	d051459
	4/159425350
	Oil body-associated protein 1B (OBAP1)
	851.0 
	0.1/-3.1

	
	
	
	d051936
	4/174850059
	F-box protein PP2-B10 (PP2-B10)
	823.0 
	1.1/-1.1

	M3/2
	PI signaling/sulfate mediated hormone regulation of cell wall metabolism
	brown
	d010434
	8/115007050
	Arabinogalactan peptide 20 (AGP20)
	1162.0 
	0.1/-1.1

	
	
	
	d023853
	10/25081643
	Adenosine 5'-phosphosulfate reductase6 (APR6)
	1161.0 
	0.1/0.1

	
	
	
	d016237
	5/151835826
	Aquaporin NIP1.2 (NIP1.2)
	1110.0 
	0.1/0.1

	
	
	
	d003041
	2/30125952
	ARID domain-containing protein (ARID)
	1096.0 
	0.1/1.1

	
	
	
	d044045
	3/217679351
	SGNH/GDSL hydrolase (SGNH/GDSL)
	1074.0 
	0.1/1.1

	
	
	
	d008929
	8/25814902
	GDSL esterase/lipase (GEL)
	1064.0 
	0.1/-1.1

	
	
	
	d021268
	7/147335002
	Homeobox-leucine zipper protein ATHB-12 (ATHB-12)
	1045.0 
	0.1/1.1

	
	
	
	d016256
	5/153844459
	Lipoprotein (LIP)
	1038.0 
	0.1/-1.1

	
	
	
	d038319
	6/154339042
	ABC transporter domain-containing protein (ABC-TP)
	1034.0 
	0.1/0.1

	
	
	
	d012578
	8/176853051
	DNA glycosylase (DGs)
	1011.0 
	1.1/0.1

	
	
	magenta
	d005368
	2/171115942
	SMC_prok_B super family protein (SMC)
	356.0 
	0.1/0.1

	
	
	
	d003984
	2/73709485
	AIR1 super family protein (AIR1)
	346.0 
	0.1/1.1

	
	
	
	d010997
	8/136181225
	DEUBAD domain-containing protein (DEUBAD)
	336.0 
	0.1/1.1

	
	
	
	d035812
	6/51702104
	AIG1-type G domain-containing protein (AIG1G)
	336.0 
	0.1/1.1

	
	
	
	d035723
	6/43293215
	Regulator of chromosome condensation (RCC1) family with FYVE zinc finger domain (RCC1-FYVE)
	334.0 
	0.1/0.1

	
	
	
	d018133
	5/215034661
	Protein kinase domain-containing protein (PK)
	315.0 
	0.1/1.1

	
	
	
	d010556
	8/120214574
	PWWP domain-containing protein (PWWP)
	308.0 
	0.1/0.1

	
	
	
	d048319
	9/154468684
	Glycosyltransferase family 2 protein (GT2)
	300.0 
	0.1/1.1

	
	
	
	d042328
	3/161430816
	F-box protein (F-box)
	299.0 
	0.1/0.1

	
	
	
	d042269
	3/158421207
	Chaperone protein DnaJ (DnaJ)
	298.0 
	0.1/0.1

	a M1 – M3 means the groups of modules; b In B73 RefGen_v4; c H, L, I, II and fc represent the mean expression of three ILs with higher PHS, with lower PHS, in 14 DAP, in 28 DAP and ratio of H/L, respectively.







[bookmark: figS1]Fig. S1 The distribution with markers and LD decay
a,b For SNP and InDel by SLAF-seq in B73 RefGen_v4; c LD decay for 78,360 SNP with threshold of 0.4 (red line). 
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[bookmark: figS2]Fig.S2 The GWAS-QTL verification by BinMap, mGWAS and grGWAS 
a The BinMap with thresholds LOD =5.00 with the red dots. 16B - 20B, BLUP see in Table 1. The co-located QTLs with red fonts between GWAS and BinMap; b The GWAS (as mGWAS) for BLUP of PHS in Baoding 2016 – 2018 use 368 maize lines with threshold 1/n (-log10(1/n) = -log10(1/556,000) = 5.75) and the co-located (as red fonts) between mGWAS and GWAS or BinMap. Below QQ blots; c The GWAS for GR (as grGWAS) of ILs with threshold = 2.0. The red dots are co-located with GWAS for PHS.
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[bookmark: figS3]Fig.S3 The evaluation of gene expression levels for RNA-seq 
a,b The correlation analysis of the expression level and the box plot analysis for the variation of expression level with the OmicStudio (https://www.omicstudio.cn/). I, II, 1 – 3, H, L, numbers mean at 14 DAP, 28 DAP, three IL, from high PHS and low PHS, correlation coefficient, respectively; c Volcanic plots of expression (rpkm); d The verifying the gene expression level of RNA-seq using qRT-PCR. 
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