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[bookmark: _Hlk108389401][image: ]Additional File 1: Fig. S1 Panicle of the parents, Hwayeong and Wandoaengmi6, after seven days of incubation 


	Additional File 2: Table S1. Segregation ratio of pre-harvested sprouting (PHS) in the 157 RIL lines

	Reference point
(RF)
	Segregation


	No. of plants
	
	X2 value

	
	
	Rb
	M
	S
	Total
	
	3:1
	12:3:1
	9:3:4

	RF-Ia
	R:Sb
	88
	-
	69
	157
	
	4.17**
	-
	-

	RF-II
	R:S 
	109
	-
	48
	157
	
	2.60ns
	-
	-

	RF-III
	R:M:S 
	88
	31
	32
	157
	
	-
	-
	1.24ns

	RF-IV
	R:M:S 
	109
	20
	28
	157
	
	-
	-
	11.10**


a) RF-I (R:S = 5% or less: over 5%), RF-II (R:S = 10% or less: over 10%), RF-III (R:M:S = 5% or less: 5-15%: over 15%), and RF-III (R:M:S = 10% or less: 10-20%: over 20%)
b) R is low PHS, M is moderate PHS, and S is high PHS
ns: Not significant
Significance levels: *P < 0.05, **P < 0.01


Additional File 3: Table S2. Summary of the linkage map constructed for QTL analysis
	Chromosome

	Used 
markers
	Polymorphic 
markers
	Polymorphism
(%)
	Anchored
markersa
	Lengthb
(cM)
	AMIc
(cM)

	1
	850
	150
	17.66
	64
	131.3
	2.08

	2
	660
	88
	13.33
	38
	48.7
	1.31

	3
	683
	102
	14.93
	40
	134.3
	3.44

	4
	646
	28
	4.33
	15
	60.4
	4.31

	5
	509
	27
	5.30
	15
	356.58
	25.47

	6
	551
	106
	19.23
	21
	221.6
	11.08

	7
	524
	60
	11.45
	20
	31.3
	1.64

	8
	545
	98
	17.98
	50
	186.3
	3.80

	9
	455
	133
	29.23
	35
	68.7
	2.02

	10
	472
	73
	15.46
	26
	80.7
	3.22

	11
	631
	128
	20.38
	29
	76.6
	2.73

	12
	572
	31
	5.41
	15
	284.5
	20.32

	Total (average)
	7098
	1024
	(14.42)
	368
	140.1
	(6.78)


a) Number of selected markers 
b) Chromosomal length
c) Average marker interval

Additional File 4: Table S3. List of CAPs markers in the target region of qPH7
	Marker name
	Poly-morphisma
	Positionb 
(bp)
	TM 
(°C)
	Product size
	Restrict enzyme
	F
	R

	cPH7_1
	O
	23558763
	64
	776
	DraI
	GTGCACGCACCGCATCGTATG
	GGTGAAGTAGGGGCCGGATGG

	cPH7_2
	O
	23562168
	55
	791
	HaeIII
	AGTTTGATCAGTCACTGGTG
	AGGATGCAATTT3CATTAGTC

	cPH7_3
	O
	23562860
	55
	796
	DdeI
	TTGTTGTGTAGCTACCAAGTC
	TCCAACAAGAGCTACCATATG

	cPH7_4
	X
	23565170
	64
	773
	HinfI
	TGGCGGCGAGAAGAGATGGTG
	GCGGCCTAGCTGTCTGTTCGG

	cPH7_5
	X
	23565603
	64
	770
	AluI
	GCCGAAAACCATAAAGGGCGCC
	CGAGAAGACCAAGGGATCTGGCG

	cPH7_6
	X
	23571920
	64
	793
	DraI
	TTCTGTCGGTCCCGCACACAG
	CCATTCTAGGGGCAAACGGCG

	cPH7_7
	O
	23575579
	55
	780
	EcoRI
	TGCGAACATACAAAAGGATTG
	AGTAATACTTTTGGCCTGTCG

	cPH7_8
	O
	23579761
	64
	790
	DdeI
	AGTTCGCGCAATCTTTTAGCCCC
	ACTCCGCATGGATTGACGGCC

	cPH7_9
	O
	23579949
	64
	797
	TaqI
	GCTAGGAGAACACCTGTTGCCATC
	GATAGGGACCTCTTCGCCGCC

	cPH7_10
	O
	23588066
	55
	758
	HaeIII
	TGGTACTGTGGCTTAAATCTG
	ATTTCCTTCTTGAAGGCGTC

	cPH7_11
	O
	23598078
	64
	798
	AluI
	AGATGACCACGTTGGACGGGC
	ACAAAGACGACCACAAGCGGC

	cPH7_12
	X
	23600018
	64
	777
	HinfI
	TCTCGGGGAGAAGCAGAGGCC
	TCAGGTGTTGGGAAGATCGTTGTG

	cPH7_13
	O
	23601759
	55
	770
	DdeI
	ATCTGTATGACTTAAGGCACG
	ACTAAACTGTGCTAAATTGCG

	cPH7-14
	X
	23618675
	55.48
	798
	AluI
	GTTTGAACACCTGCATGAAG
	TCGCAAATTAGTCGCAATATG

	cPH7-15
	X
	23618675
	55.48
	796
	AluI
	"
	GCAAATTAGTCGCAATATGTG

	cPH7-16
	X
	23662134
	54.3
	793
	TaqI
	GTAACAGTGTAGCAAGTCTTC
	TATATATAGGTCAGGCCAACG

	cPH7-17
	X
	23662134
	54.3
	797
	TaqI
	"
	TGTGTATATATAGGTCAGGCC

	cPH7-18
	O
	23703527
	55.03
	800
	HaeIII
	TAGAGGAGTACAATGGCAAAG
	GTATACTGTATACTCCTCCAGG

	cPH7-19
	O
	23703527
	55.05
	799
	HaeIII
	AGAGGAGTACAATGGCAAAG
	"

	cPH7-20
	X
	23742308
	64.96
	800
	AluI
	TGAGACCCCTTCGCTTGTGGC
	AGGTGGCTCTAGTGGAGGAAGAAG

	cPH7-21
	X
	23742308
	63.41
	799
	AluI
	GAGACCCCTTCGCTTGTGGC
	"

	cPH7-22
	O
	23761731
	54.3
	797
	TaqI
	CCATCTTCCAATCATCTTTCC
	GCTATGAACCCTGCATAAATG

	cPH7-23
	O
	23761731
	54.3
	783
	TaqI
	"
	ATAAATGCCCCGTATAGATCC

	a) The presence of qPH7 (O: positive, X: negative qPH7)
b) Physical position on chromosome 7




Additional File 5: Table S4. List of ORFs within the target region for pPH7
[image: Forma
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Additional File 6: Table S4. Gain traits and physicochemical characteristics of parents and three selected PHS-resistant lines
	Parents and lines
	Grain traits
	
	Physicochemical characteristic

	
	Length
	Width
	Thickness
	TGWa
	
	CKb

	ADVc
(1-7)
	Protein (%)
	Amylose (%)

	Hwayeong
	4.88a
	3.04a
	2.10a
	26.4a
	
	0/1
	4.9ab
	6.5a
	17.4b

	Wandoaengmi6
	4.57d
	2.74b
	1.81b
	22.8ab
	
	0/0
	5.2a
	5.9b
	19.0ab

	HW20 (AGT20)
	4.79b
	2.60d
	1.90b
	21.8b
	
	1/1
	5.0a
	6.4a
	18.2b

	HW23 (AGT23)
	4.74c
	2.69c
	1.90b
	20.4b
	
	1/1
	4.5b
	5.8b
	17.5b

	HW36 (AGT36)
	4.56d
	2.75b
	2.03a
	23.0ab
	
	0/1
	5.1a
	5.6b
	20.9a


a) 1,000-grain weight 
b) CK: chalkiness 
c) ADV: alkali digestive value


Additional File 7: Table S5. List of CAPs markers within the target region of qPH2
	Marker name
	Poly-morphism a
	Position b
(bp)
	TM (℃)
	Product size
	Restrict enzyme
	F
	R

	cPH2-1
	O
	32327475
	55
	770
	BglII
	AGCCTTCACTTCTGATACAAG
	GCATATGATTTCATTCGGTCC

	cPH2-2
	O
	32327475
	55
	788
	BglII
	GTTCTGAACTTTAGGCTTAGC
	GCATATGATTTCATTCGGTCC

	cPH2-3
	O
	32354395
	55
	760
	EcoRV
	AAGTAGAAAGCAGATCTGGAC
	CACTAATGGAGTAAACGATGC

	cPH2-4
	O
	32354395
	55
	755
	EcoRV
	AAGTAGAAAGCAGATCTGGAC
	ATGGAGTAAACGATGCTACTC

	cPH2-5
	X
	32360106
	55
	800
	HhaI
	TCACGCTGCAATAATTAATTAAC
	ATTAGGATGGAGAAGGTGAAG

	cPH2-6
	X
	32360106
	55
	800
	HhaI
	TTAATTAATTAACCAATCGACCG
	GAATGCGAGAGATTAATGGTG

	cPH2-7
	X
	32371489
	55
	771
	DraI
	TGTCACATGAGGTTAACAGAG
	ACTAGTGGATAGCTTCACTCC

	cPH2-8
	X
	32371489
	55
	769
	DraI
	TCACATGAGGTTAACAGAGAG
	ACTAGTGGATAGCTTCACTCC

	cPH2-9
	X
	32374877
	64
	797
	BstUI
	GTGGCAGCTCCTTAAAGGTCATCG
	AGGAACACGCGGTAGTCGAGC

	cPH2-10
	X
	32374877
	64
	799
	BstUI
	GTGGCAGCTCCTTAAAGGTCATCG
	CGAGGAACACGCGGTAGTCGAG

	cPH2-11
	X
	32380597
	64
	782
	BglI
	TCTGGCTTTGCTCAAGGTTGATGC
	GTCTGGGGCGCCGACCTC

	cPH2-12
	X
	32380597
	64
	781
	BglI
	CTGGCTTTGCTCAAGGTTGATGC
	GTCTGGGGCGCCGACCTC

	cPH2-13
	X
	32388958
	55
	795
	SspI
	TGGAAGTGGATACTGACAATC
	AATCTTACCAATCCTCCATGC

	cPH2-14
	X
	32388958
	55
	786
	SspI
	ATACTGACAATCTCTCGGTTG
	AATCTTACCAATCCTCCATGC

	cPH2-15
	X
	32396000
	64
	765
	BslI
	TCCATTGGTGCGAGTCAGGGC
	TGGCGTACCGAAATAGGAGTGGG

	cPH2-16
	X
	32396000
	64
	764
	BslI
	TCCATTGGTGCGAGTCAGGGC
	GGCGTACCGAAATAGGAGTGGGTG

	a) The presence of qPH2 (O: positive, X: negative qPH2)
b) Physical position on chromosome 2
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Additional file3: Table S2

Chromosomal position
23560361..23560654
23582347..23582458
23582946..23583332
23586360..23586462
23588908..23589080
23596819..23597751
23597163..23597630
23598771..23599424
23600058..23600133
23603978..23603980
chr07:23619689..23623165 (+ strand)
chr07:23624364..23627325 (- strand)
chr07:23636461..23641750 (- strand)
chr07:23650525..23654071 (+ strand)

Futative fuction

Homeodomain-leucine zipper (HD-Zip) transcription factor, Regulation of panicle development
Similar to Proton myo-inositol cotransporter.
Hypothetical gene.

Similar to Proton myo-inositol cotransporter.
Conserved hypothetical protein.

Conserved hypothetical protein.

Hypothetical protein.

Conserved hypothetical protein.

General substrate transporter family protein.

Ribosome associated membrane RAMP4 family protein.

Mitochodrial transcription termination factor-related family protein.

Putative zinc finger CCCH domain-containing protein 51. (Os07t0583300-00)
RNA recognition motif domain domain containing protein

Chitin-inducible gibberellin-responsive protein. (0s07t0583600-01);Chitin-

inducible gibberellin-responsive protein. (0s07t0583600-02);Similar to Chitin-inducible gibberellin-responsive protein 2.

# Locus (RAP)

1 0s07g0581700
2 0s07g0582400
3 0s07g0582450
4 0s07g0582500
5 0s07g0582600
6 0s07g0582700
7 0s07g0582800
8 0s07g0582900
9 0s07g0582850
10 0Os07g0583000
11 0s07g0583200
12 0s07g0583300
13 0s07g0583500
14 0s07g0583600
15 0s07g0583700
16 0s07g0584000
17 0s07g0584100
18 0s07g0584200
19 0s07g0584283
20 0s07g0584366
21 0s07g0584500
22 0s07g0584550
23 0s07g0584750
24 0s07g0584900
25 0s07g0585000
26 0Os07g0585100
27 0s07g0585200
protein.

28 0s07g0585300
29 0s07g0585500

tolerance

chr07:23654137..23659609 (- strand)
chr07:23673394..23673536 (+ strand)
chr07:23677940..23678533 (+ strand
chr07:23685410..23685522 (+ strand)
chr07:23685822..23686767 (- strand)
chr07:23694975..23695459 (- strand)
chr07:23704983..23705204 (+ strand)
chr07:23706154..23708855 (- strand)
chr07:23715142..23715612 (- strand)
chr07:23721913..23723223 (+ strand)
chr07:23747129..23748466 (+ strand)
chr07:23754242..23754367 (+ strand)

(

chr07:23765213..23765798 (- strand)

chr07:23769062..23769301 (+ strand)
chr07:23782222..23782270 (+ strand)

WRKY transcription factor 78.

Similar to Yippee-like protein CG15309.

Similar to MAP kinase-like protein.

BTB/POZ fold domain containing protein.

Hypothetical protein.

Hypothetical gene.

Nucleotide-binding, alpha-beta plait domain containing protein.
Non-protein coding transcript.

Similar to OSIGBa0147H17.4 protein.

Armadillo-like helical domain containing protein.

C2 calcium-dependent membrane targeting domain containing protein.
Mo25-like domain containing protein.

Bifunctional inhibitor/plant lipid transfer protein/seed storage domain containing

Similar to H0815C01.6 protein.
"Rice proline-, glycine and tyrosine-rich protein”, Vesicle trafficking, Cold




