Supplementary Information

Table S1 Criteria for alkali digestion score of rice from the International Rice Research Institute.
	Score
	Alkali digestion value

	1
	Grain not affected

	2
	Grain swollen

	3
	Grain swollen, color incomplete or narrow

	4
	Grain swollen, color complete and wide

	5
	Grain split or segmented, color complete and wide

	6
	Grain dispersed, merging with collar

	7
	Grain completely dispersed and disintegrated

















[bookmark: _Hlk111587225]Table S2 Alkali digestion value (ADV) of 120 Cheongcheong/Nagdong double haploid (CNDH) line.
	Plant traits
	Year
	Parents
	DH line
	

	
	
	Cheongcheong
	Nagdong
	High ADV line
	Low ADV line
	p value

	Alkali digestion value of brown rice
	2018
	z2.33 ± 0.58bz
	 2.00 ± 0.00bc
	6.00 ± 0.00a
	1.33 ± 0.58c
	<0.001**

	
	2019
	2.37 ± 0.58b
	1.67 ± 0.58b
	5.67 ± 0.58a
	1.33 ± 0.58b
	<0.001**

	
	2020
	3.00 ± 1.00c
	1.33 ± 0.58b
	5.33 ± 1.15a
	1.00 ± 0.00c
	 0.001**

	
	2021
	3.33 ± 0.58a
	1.67 ± 0.58b
	4.67 ± 1.53a
	1.00 ± 0.00b
	 0.003**

	Alkali digestion value of milled rice
	2018
	6.33 ± 0.58a
	5.00 ± 0.00b
	6.67 ± 0.58a
	3.33 ± 0.58c
	<0.001**

	
	2019
	6.00 ± 0.00a
	5.00 ± 1.00b
	6.00 ± 0.00a
	3.00 ± 0.00c
	<0.001**

	
	2020
	5.67 ± 0.58a
	4.33 ± 0.58b
	6.00 ± 0.00a
	3.00 ± 0.00c
	<0.001**

	
	2021
	5.67 ± 0.58a
	5.00 ± 0.00a
	6.00 ± 0.00a
	3.00 ± 0.00b
	 0.001**


z The data are presented as the mean ± standard deviation. Means with the same letters are not significantly different by Duncan’s multiple range test at p < 0.05. ** significant at the 0.01 level.





[bookmark: _Hlk111587230]Table S3 The content of amylose, amylopectin, protein, and lipid of milled rice of CNDH line.
	Content (%)
	Parents
	
	DH line

	
	Cheongcheong
	Nagdong
	p value
	
	High ADV
	Low ADV
	p value
	
	High ADV
	Low ADV
	p value

	
	
	
	
	
	CNDH15
	CNDH25
	
	
	CNDH14-2
	CNDH52-2
	

	Amylose
	15.3 ± 0.1z
	18.4 ± 0.1
	0.002**
	
	17.9 ± 0.2
	13.6 ± 0.2
	0.001**
	
	17.9 ± 0.2
	13.6 ± 0.2
	0.002**

	Amylopectin
	73.6 ± 0.1
	72.3 ± 0.1
	0.012*
	
	68.9 ± 0.2
	74.2 ± 0.2
	0.001**
	
	73.4 ± 0.2
	74.5 ± 0.1
	0.016*

	Protein
	06.7 ± 0.1
	05.4 ± 0.0
	0.002**
	
	08.4 ± 0.2
	07.7 ± 0.1
	0.370
	
	05.6 ± 0.1
	07.9 ± 0.0
	<0.001**

	Lipid
	03.4 ± 0.2
	02.9 ± 0.1
	0.870
	
	02.8 ± 0.0
	02.5 ± 0.1
	0.200
	
	02.3 ± 0.1
	02.0 ± 0.1
	0.089


zData presented as the mean ± standard deviation. *significant at the 0.05 level; **significant at the 0.01 level.








[bookmark: _Hlk111587237]Table S4 QTLs related to the alkali digestion value of 120 CNDH line.
	Characteristics
	Year
	QTL
	Chromosome
	Interval Markersz
	LOD
	Additive effect y
	R2x
	Increasing effectsw

	Alkali digestion value
of brown rice
	2018
	qAdb8
	8
	RM223-RM1345
	3.13
	-0.37
	0.29
	Nagdong

	
	
	qAdb11
	11
	RM26981-RM287
	3.75
	-0.40
	0.30
	Cheongcheong

	
	2019
	qAdb8-1
	8
	RM223-RM1345
	2.53
	-0.29
	0.27
	Nagdong

	
	2021
	qAdb2
	2
	RM6-RM32
	2.54
	-0.21
	0.21
	Cheongcheong

	Alkali digestion value
of milled rice
	2018
	qAdm6
	6
	RM588-RM1163
	3.97
	-0.37
	0.29
	Cheongcheong

	
	2019
	qAdm4
	4
	RM280-RM17502
	2.88
	-0.25
	0.30
	Cheongcheong

	
	
	qAdm6-1
	6
	RM558-RM1163
	4.68
	-0.39
	0.36
	Cheongcheong

	
	
	qAdm12
	12
	RM1226-RM12
	2.68
	-0.28
	0.31
	Cheongcheong

	
	2020
	qAdm5
	5
	RM3838-RM3381
	3.52
	-0.27
	0.31
	Cheongcheong

	
	
	qAdm6-2
	6
	RM588-RM1163
	3.03
	-0.28
	0.31
	Cheongcheong

	
	2021
	qAdm5-1
	5
	RM3838-RM3381
	3.80
	-0.33
	0.26
	Cheongcheong

	
	
	qAdm12-1
	12
	RM27778-RM8216
	2.69
	-0.31
	0.28
	Cheongcheong


Adb, alkali digestion value of brown rice; Adm, alkali digestion value of milled rice.
zInterval markers are those within the significance threshold on each border of the QTL range.
yThe positive values of the additive effect indicate that alleles from Cheongcheong are in the direction of increases in the traits.
xThe proportion of evaluated phenotype variations attributable to a particular QTL was estimated using the coefficient of determination (R2).
wIncreased allele is the source of the allele causing an increase in the measured trait.
[bookmark: _Hlk111587242][bookmark: _GoBack]Table S5 20 candidate gene associated with alkali digestion value in RM588-RM1163 on chromosome 6.
	Function
	Locus
	Description

	Cell function
	LOC_Os06g07550
	Basic helix-loop-helix dimerisation region bHLH domain containing protein

	Hydrolase
	LOC_Os06g03910
	NUDIX hydrolase domain containing protein

	
	LOC_Os06g04910
	NUDIX hydrolase domain containing protein

	
	LOC_Os06g06230
	Lipolytic enzyme, G-D-S-L family protein

	
	LOC_Os06g06250
	Lipolytic enzyme, G-D-S-L family protein

	
	LOC_Os06g06260
	Lipolytic enzyme, G-D-S-L family protein

	Kinase
	LOC_Os06g05520
	Similar to Mitogen-activated protein kinase 2

	
	LOC_Os06g05860
	Phosphofructokinase family protein

	
	LOC_Os06g06090
	Similar to MAP kinase 5

	Secondary metabolite
	LOC_Os06g04200
	Granule-bound starch synthase I, chloroplast precursor (EC 2.4.1.21)

	
	LOC_Os06g05630
	Similar to Proline-rich protein APG-like

	
	LOC_Os06g06350
	Similar to Acyl-CoA synthetase (EC 6.2.1.3)

	
	LOC_Os06g06560
	Similar to Starch synthase I, chloroplast precursor (EC 2.4.1.21) (Soluble starch synthase 1) (SSS 1)

	Signaling
	LOC_Os06g06050
	F-box/LRR-repeat MAX2 homolog (F-box and leucine-rich repeat MAX2 homolog)

	
	LOC_Os06g07040
	Similar to Auxin-responsive protein IAA20 (Indoleacetic acid-induced protein 20)

	
	LOC_Os06g07540
	Similar to GAMYB-binding protein (Fragment)

	
	LOC_Os06g08080
	Vacuolar H+-pyrophosphatase (EC 3.6.1.1) (Ovp2)

	Transferase
	LOC_Os06g04900
	Sugar transporter family protein

	
	LOC_Os06g06280
	Glycosyl transferase, family 31 protein

	
	LOC_Os06g07905
	Glycosyl transferase, family 31 protein



