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Supplementary Fig. S1. Haplotypes of Hd1, Ghd7, DTH8, and PRR37 in several rice materials.
(a) Hd1, (b) Ghd7, (c) DTH8, and (d) PRR37. F, functional; WF, weakly functional; SF, strongly functional; NF, non-functional (red). Deletions are indicated in red. The CCT domain is indicated in blue. Gbz, Ginbouzu; Nip, Nipponbare; XZ, Xiang Zhan; HZ, Hua Zhan; ZJ8, Zhong Jia 8; T65, Taichung 65.
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Supplementary Fig. S2. CRISPR/Cas9-mediated targeted mutagenesis in XZ, HZ, ZJ8, T65, and Nip.
(a–f) Diagrams of Hd1, Ghd7, DTH8, and PRR37 loci showing the target sites. Exons and introns are represented by black boxes and lines, respectively. The protospacer adjacent motifs (PAMs) are indicated in green. Selected T1 plants with mutations in the targeted gene(s) are shown in bold font.
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Supplementary Fig. S3. Heading date of XZ, HZ, ZJ8, T65, Nip, and their T1 mutant plants. 
(a–d) Heading date of (a) XZ, (b) HZ, (c) ZJ8, (d) T65, and their T1 knockout lines under natural short-day conditions. (e and f) Heading date of (e) T65, (f) Nip, and their T1 knockout lines under natural long-day conditions. Data are means ± SD (n = 20).
XZ, Xiang Zhan; HZ, Hua Zhan; ZJ8, Zhong Jia 8; T65, Taichung 65; Nip, Nipponbare. The significances of heading date at 0.01 probability level were tested by two-tailed Student’s t-test.
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Supplementary Fig. S4. The 2-kb Ghd7 promoter sequence upstream of the ATG.
XZ, Xiang Zhan; HZ, Hua Zhan; ZJ8, Zhong Jia 8; T65, Taichung 65; Nip, Nipponbare.
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Supplementary Fig. S5. The 2-kb promoter PRR37 sequence upstream of the ATG.
XZ, Xiang Zhan; HZ, Hua Zhan; ZJ8, Zhong Jia 8; T65, Taichung 65; Nip, Nipponbare.
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Table S1. Primer sequences.
	Primer
	Sequence (5′ to 3′)
	Purpose

	Hd1-1F
	GTAGAGGAACAGGAGAAGAC 
	Sequencing for CDS

	Hd1-1R
	ACTCCTTTTGCATCTCCTGC
	

	Hd1-2F
	TGGCTTCTCCTCTCCAAAGA
	

	Hd1-2R
	AGTAGTCAACTGGTCTGCCT
	

	Hd1-3F
	CTTTAGGCAGACCAGTTGACTAC
	

	Hd1-3R
	TTGTCTAGAACTACTCCCACT
	

	Ghd7-1F
	CAAGTGACCTCACCTGCTAT
	

	Ghd7-1R
	GACGAGGAGGATCGATGAAT
	

	Ghd7-2F
	CTAACTGCATTTGCTTATGCG
	

	Ghd7-2R
	GTTAGTGGTATATACGCACTG
	

	DTH8-F
	GAGCATCACCACTCCATCCT
	

	DTH8-R
	GGGCCAAACTACACATATCTG
	

	PRR37-1F
	GCAGCCCAGCTAGCTAAGATAG
	

	PRR37-1R
	CAAATTGTAAAGCAGAGGCGG
	

	PRR37-2FA
	TTGTTAAGGACAGGGAGCCA
	

	PRR37-2RB
	ATGCAATGAACCAACCGCTG
	

	PRR37-2FB
	AAGTGTTTGTCAAAGGGCGC
	

	PRR37-2RA
	ACACCATCGTCGTCATCATC
	

	PRR37-3F
	GCCACTGAAATGTTCAGTGAC
	

	PRR37-4R
	TGTGTGTCCATTAGCCTTAACAG
	

	PRR37-4F
	GCTGCACCAATAAAACAAGG
	

	PRR37-5R
	GCCTGTTTTCAATTGCATG
	

	PRR37-5F
	CATGCAATTGAAAACAGGC
	

	PRR37-6R
	CGCAGATCACCATTATCATATC
	

	PC1
	TAGGCTACGAGGAAGGATGG 
	Sequencing for 2-kb promoter

	PR1
	CTAAAGCAGTCAGCTGCTGAC
	

	PF2
	CACACGTACGGCGGTACTTT
	

	PR2
	TCTTCTTCTGGATGAAGCGC
	

	PF3
	TGGTGTACACGGTGTGTACAC
	

	PC2
	TATGTACTGCTGGTGGTTCTG 
	

	PR3
	TCCCTAGTATCATTTCTCCTC
	

	GC1
	TTGCATATCCGGTGGAGGGG 
	

	GF2
	GAGAAGGCTAGCACCGGACA 
	

	GR1
	CCAATCTTGGCTCTTTTGAG
	

	GC2
	GTCATGAACAAGAGCTGAAAAG
	

	GR2
	CGAAGAACTGGAACTCGTGC
	

	Ghd7-inF1
	GAACGGCCCGACCTGGAC
	Reverse transcription PCR

	Ghd7-inR2
	GTTTGGGTTCAAGCTCTC
	

	Actin1-5a
	GGAATGGAAGCTGCGGGTA
	

	Actin1-3a
	ACCACAGGTAGCAATAGGTA
	Reverse transcription PCR and qPCR

	
Actin1-5b
	GCATCTCTCAGCACATTCCA
	qPCR

	Ehd1-RT-F
	GGATGCAAGGAAATCATGGA
	

	Ehd1-RT-R
	AATCCCATCGGAAATCTTGG
	

	Hd3a-RT-F
	GTCTACCCCTAGCTAACGATGA 
	

	Hd3a-RT-R
	CACCATCATATATATGTTGTGTGTCG
	

	RFT1-RT-F
	GTCGCCACCGTCTACTTCAA
	

	RFT1-RT-R
	ATACAGCTAGGCAGGTCTCAG
	

	Ghd7-RT-F
	AATCCGGTACGCGTCCAGA
	

	Ghd7-RT-R
	CCAAGCTCAAGCCTACTAGG
	

	PRR37-RT-F
	CGGCAGTGGCAATGACATGT
	

	PRR37-RT-R
	CCTCTTTCTGCTCTGGTACC
	

	U3gR-Hd1-T1
	ACGTGTTCGACCAGGAGGTgtttcagagctatgct
	Gene knockout

	OsU3-Hd1-T1
	ACCTCCTGGTCGAACACGTTgccacggatcatctgc
	

	U3gR-Hd1-T2
	GAGGGGAGCGGCTGCCCATgtttcagagctatgct
	

	OsU3-Hd1-T2
	ATGGGCAGCCGCTCCCCTCTgccacggatcatctgc
	

	U6agR-Hd1-T3
	gccGGGTATAGTACCAGACAGCA
	

	OsU6a-Hd1-T3
	aaacTGCTGTCTGGTACTATACC
	

	U6agR-Ghd7-T1
	CACTCGGCGGGAAGACGAAgtttcagagctatgct
	

	OsU6a-Ghd7-T1
	TTCGTCTTCCCGCCGAGTGCggcagccaagccagca
	

	U6agR-Ghd7-T2 
	AACGGCCCGACCTGGACGCgtttcagagctatgct
	

	OsU6a-Ghd7-T2
	GCGTCCAGGTCGGGCCGTTCggcagccaagccagca
	

	U6agR-Ghd7-T3
	ATACTCACGATGGTGGCGCgtttcagagctatgct
	

	OsU6a-Ghd7-T3
	GCGCCACCATCGTGAGTATCggcagccaagccagca
	

	U6bgR-DTH8-T1
	CCGGGTATGTCGTCTACGGgtttcagagctatgct
	

	OsU6b-DTH8-T1
	CCGTAGACGACATACCCGGCaacacaagcggcagc
	

	U6bgR-DTH8-T2
	ACGGCGGCGTCAGGGAACAgttttagagctagaaat
	

	OsU6b-DTH8-T2
	TGTTCCCTGACGCCGCCGTCaacacaagcggcagc
	

	prr37-U6a-F
	gccgCTCATCACAACCAAACCGC
	

	prr37-U6a-R
	aaacGCGGTTTGGTTGTGATGAG
	

	ghd7-U3-F
	ggcATTTATCCGTTCATGTCGAT
	

	ghd7-U3-R
	aaacATCGACATGAACGGATAAA
	

	PRR37-F-AD
	CCATACGACGTACCAGATTACGCTCATATGATGATGGGAACCGCTCATC
	Yeast two-hybrid

	PRR37-R-AD
	CCCGTATCGATGCCCACCCGGGTGGAATTCTCATCTGTCCGCTGCCGCT
	

	HAP5A-BD-F
	CTGATCTCAGAGGAGGACCTGCATATGATGGAACCATCCTCACAGC
	

	HAP5A-BD-R
	TGCAGGTCGACGGATCCCCGGGAATTCTTAGCTACTTTCTGGCAGAG
	

	HAP5E-BD-F
	CTGATCTCAGAGGAGGACCTGCATATGATGGATCCCACCAAATCCAG
	

	HAP5E-BD-R
	TGCAGGTCGACGGATCCCCGGGAATTCTTACTGCTGGGGCACATAGT
	

	Ghd7-AD-F
	CCATACGACGTACCAGATTACGCTCATATGATGTCGATGGGACCAGCAGC
	

	Ghd7-AD-R
	CCCGTATCGATGCCCACCCGGGTGGAATTCCTATCTGAACCATTGTCC
	

	HAP3K-BD-F
	CTGATCTCAGAGGAGGACCTGCATATGATGGCAGGGAACAAAAAGCG
	

	HAP3K-BD-R
	TGCAGGTCGACGGATCCCCGGGAATTCTCACATATTTTTTCCATAGCC
	

	HAP3H-BD-F
	CTGATCTCAGAGGAGGACCTGCATATGATGAAGAGTAGGAAGAGCT
	

	HAP3H-BD-R
	TGCAGGTCGACGGATCCCCGGGAATTCAGCTCTTCCTACTCTTCAT
	

	HAP3G-BD-F
	CTGATCTCAGAGGAGGACCTGCATATGATGGCCGACCACCATGGC
	

	HAP3G-BD-R
	TGCAGGTCGACGGATCCCCGGGAATTCAGCTCCAGGCAGTTCTAG
	

	HAP3F-BD-F 
	CTGATCTCAGAGGAGGACCTGCATATGATGCCGGATTCGGACAACG
	

	HAP3F-BD-R
	TGCAGGTCGACGGATCCCCGGGAATTCTCATAGCCTGTCTTGCCG
	

	HAP3E-BD-F
	CTGATCTCAGAGGAGGACCTGCATATGATGGAGGCCGGCTACCCG
	

	HAP3E-BD-R 
	TGCAGGTCGACGGATCCCCGGGAATTCCTACTTGTATCCGAACGG
	

	HAP3A-BD-F 
	CTGATCTCAGAGGAGGACCTGCATATGATGATGATGATGGATCTAGG
	

	HAP3A-BD-R2
	TGCAGGTCGACGGATCCCCGGGAATTCTCACCCTACCAACTCTCTGT
	




Table S2. Gene knockout vectors used in this study.
	Vector
	Target gene
	Target sequence
	Transformation material
	Progeny genotype (mutant plant name)

	KO-Ghd7 (1)
	Ghd7
	ATTTATCCGTTCATGTCGATggg
	XZ (hGDP)
	XZ-hgDP (XZ-g)

	KO-Ghd7 (3)
	Ghd7
	cccTTCGTCTTCCCGCCGAGTGC
GAACGGCCCGACCTGGACGCcgg
ccaGCGCCACCATCGTGAGTATC
	HZ (hGdP)
	HZ-hgdP (HZ-g)

	KO-PRR37 (1)
	PRR37
	CTCATCACAACCAAACCGCcgg
	XZ (hGDP), 
T65 (hGDP)
	XZ-hGDp (XZ-p), 
T65-hGDp (T65-p)

	KO-Hd1 (2)
	Hd1
	AACGTGTTCGACCAGGAGGTtgg
GGGTATAGTACCAGACAGCAcgg
	ZJ8 (HGDP)
	ZJ8-hGDP (ZJ8-h)

	KO-Ghd7 (1)/PRR37 (1)
	Ghd7
	ATTTATCCGTTCATGTCGATggg
	XZ (hGDP)
	XZ-hgDp

	
	PRR37
	CTCATCACAACCAAACCGCcgg
	
	

	KO-Ghd7 (3)/DTH8 (2)
	Ghd7
	cccTTCGTCTTCCCGCCGAGTGC
GAACGGCCCGACCTGGACGCcgg
ccaGCGCCACCATCGTGAGTATC
	XZ (hGDP), 
T65 (hGDP), 
ZJ8 (HGDP)
	XZ-hgdP (XZ-gd),
T65-hgdP (T65-gd),
ZJ8-HgdP (ZJ8-gd)

	
	DTH8
	GCCGGGTATGTCGTCTACGGcgg
GGGAACAAGGCGTACTGCGGcgg
	
	

	KO-Hd1 (2)/DTH8 (2)/PRR37 (2)
	Hd1
	AACGTGTTCGACCAGGAGGTtgg
AGAGGGGAGCGGCTGCCCATggg
	Nip (HGDP)
	Nip-hGdp (Nip-hdp)

	
	DTH8
	GCCGGGTATGTCGTCTACGGcgg
GGGAACAAGGCGTACTGCGGcgg
	
	

	
	PRR37
	GCTTCCAATCAAGGTGGGACagg
GCAGCAAAGAGGGCTCAGCCtgg
	
	




[bookmark: _Hlk136719525]Table S3. Heading date and yield-related traits of XZ, HZ, ZJ8, T65, Nip, and their knockout lines under NSD and NLD conditions.
	[bookmark: _Hlk140151209]NSD
	HD (d)
CR(%)
	PH (cm)
CR(%)
	TN
CR(%)
	PL (cm)
CR(%)
	NPB
CR(%)
	NSB
CR(%)
	SPP
CR(%)
	TGW (g)
CR(%)
	GWP (g)
CR(%)
	DWG (g/d)
CR(%)

	XZ-hGDP
	77.7±1.3A
	121.4±2.6A
	5.9±1.0A
	29.3±0.7A
	11.3±1.0A
	44.6±3.4A
	170.9±14.8A
	23.8±0.4A
	14.5±1.9A
	0.1±0.0A

	XZ-g
	71.9±1.4C
–7.4
	103.1±2.6BC
–15.1
	6.6±1.3A
12.87
	28.5±0.8AB
–2.8
	11.3±0.9A
–0.4
	36.4±2.8CD
–18.4
	148.3±13.0B
–13.3
	22.1±0.8B
–7.2
	11.5±3.0B
–20.5
	0.1±0.0AB
–16.0

	XZ-p
	71.0±1.3C
–8.6
	100.3±3.6C
–17.4
	5.22±1.0A
–11.1
	27.8±0.8B
–4.9
	10.9±0.9AB
–3.9
	39.4±3.8BC
–11.6
	153.4±11.9B
–10.3
	21.1±0.9B
–11.3
	9.8±2.0B
–32.8
	0.1±0.0B
–28.3

	XZ-gp
	71.8±1.7C
–7.6
	91.7±2.6D
–24.5
	7.0±0.8A
19.2
	26.3±0.8C
–10.1
	10.8±0.7AB
–4.9
	43.3±2.7AB
–3.0
	145.5±9.3B
–14.9
	17.2±0.6C
–27.7
	9.8±1.3B
–32.7
	0.1±0.0B
–28.8

	XZ-gd
	75.1±1.4B
–3.4
	105.4±2.5B
–13.2
	5.0±1.3A
–3.0
	28.0±0.6B
–4.3
	9.9±1.0B
–12.4
	32.9±2.5D
–26.3
	128.3±8.3C
–25.0
	24.7±0.4A
3.7
	11.6±2.4B
–20.2
	0.1±0.0AB
–18.3

	HZ-hGdP
	78.6±1.4
	102.4±3.4
	8.1±0.8
	23.3±1.1
	15.6±2.4
	42.2±2.9
	187.1±14.6
	19.9±0.8
	25.0±2.3
	0.2±0.1

	HZ-g
	75.7±1.9**
–3.7
	67.9±6.1**
–33.7
	14.0±2.2**
72.3
	19.3±1.1**
–17.0
	10.3±0.7**
–34.4
	10.0±1.5**
–76.3
	55.7±5.2**
–70.2
	18.3±0.8**
–8.4
	12.2±1.5**
–51.3
	0.1±0.0**
–51.3

	ZJ8-HGDP
	67.2±2.1B
	65.1±4.4B
	6.4±1.1B
	17.6±0.9B
	8.7±0.5B
	13.3±1.3B
	68.1±3.3B
	32.3±1.9A
	12.1±0.8B
	0.1±0.0B

	ZJ8-gd
	61.8±4.1C
–8.1
	60.1±1.7C
–7.7
	9.3±1.9A
45.8
	17.3±0.5B
–0.7
	8.8±0.7B
1.3
	15.8±1.3B
19.3
	56.0±5.5C
–17.7
	29.2±1.3B
–9.6
	11.6±1.1B
–4.6
	0.1±0.0B
1.1

	ZJ8-h
	74.4±2.4A
10.7
	75.6±1.9A
16.2
	6.8±0.7B
5.5
	21.1±2.1A
21.8
	13.1±1.8A
51.4
	22.8±1.7A
72.3
	109.3±8.7A
60.6
	28.5±1.6B
–11.7
	16.0±2.4A
31.8
	0.2±0.0A
22.7

	T65-hGDP
	81.7±3.4C
	111.7±2.1B
	5.6±0.5A
	25.0±0.9B
	12.0±0.7B
	35.3±3.1A
	136.2±12.0A
	23.7±0.9B
	14.5±1.7A
	0.1±0.0A

	T65-p
	99.5±3.0A
21.8
	118.2±3.6A
5.8
	6.4±0.5A
14.3
	26.7±1.2A
6.6
	12.6±0.8B
5.0
	28.7±3.4B
–18.8
	116.8±10.8B
–14.3
	25.1±0.7A
5.7
	16.6±1.3A
14.2
	0.1±0.0A
–1.5

	T65-gd
	86.7±2.8B
6.1
	117.3±2.4A
5.0
	6.7±1.3A
19.6
	24.7±1.5B
–1.3
	13.6±0.7A
13.3
	23.8±2.4C
–32.5
	117.9±9.7B
–13.5
	23.2±1.1B
–2.1
	15.4±0.6A
6.1
	0.1±0.0A
1.6

	Nip-HGDP
	50.4±4.2
	69.0±4.7
	13.2±2.2
	17.5±0.8
	5.7±0.5
	8.0±1.9
	46.3±2.1
	24.4±2.2
	11.3±1.8
	0.1±0.0

	Nip-hdp
	72.9±3.1**
44.6
	88.4±5.5**
28.1
	10.5±2.0*
–20.5
	18.6±1.6
6.4
	8.9±0.6**
56.6
	11.0±0.7**
37.5
	64.4±6.4**
39.2
	26.8±0.8*
9.7
	15.1±3.4*
33.4
	0.2±0.0
4.2






	[bookmark: _Hlk140151242]NLD
	HD (d)
CR(%)
	PH (cm)
CR(%)
	TN
CR(%)
	PL (cm)
CR(%)
	NPB
CR(%)
	NSB
CR(%)
	SPP
CR(%)
	TGW (g)
CR(%)
	GWP (g)
CR(%)
	DWG (g/d)
CR(%)

	XZ-hGDP
	90.2±1.5A
	122.6±5.0A
	6.3±0.5B
	27.9±1.1AB
	10.7±0.7A
	37.0±3.3A
	152.4±11.2A
	22.6±0.8AB
	15.6±2.4A
	0.1±0.0A

	XZ-g

	79.6±2.5C
–11.8
	93.8±3.9C
–23.5
	7.9±0.9A
25.7
	28.4±1.2A
1.7
	9.7±0.7B
–9.7
	34.3±2.9AB
–7.3
	137.2±7.3AB
–10.0
	21.0±1.1C
–6.9
	14.6±1.3AB
–6.5
	0.1±0.0A
2.5

	XZ-p

	79.0±1.4C
–12.3
	92.8±3.5C
–24.3
	6.3±1.3B
2.4
	26.5±0.5C
–5.0
	9.3±0.7B
–13.1
	31.8±2.7B
–14.1
	137.5±14.1AB
–9.8
	22.1±0.8B
–2.0
	14.1±1.0AB
–9.7
	0.1±0.0A
–0.5

	XZ-gp

	79.2±1.4C
–12.2
	95.6±2.4C
–22.0
	5.7±0.8B
–8.8
	27.0±0.9BC
–3.4
	9.4±0.7B
–12.4
	32.1±3.0B
–13.2
	148.7±11.3AB
–2.4
	22.3±0.6AB
–1.2
	13.0±1.1B
–16.8
	0.1±0.0A
–8.4

	XZ-gd

	87.6±1.2B
–2.8
	106.5±3.2B
–13.1
	5.8±0.7B
–8.0
	28.7±0.8A
2.8
	10.7±1.0A
0
	33.3±3.4AB
–10.1
	133.6±8.5B
–12.3
	23.2±0.5A
2.7
	9.4±0.9C
–39.7
	0.1±0.0B
–38.3

	HZ-hGdP
	93.1±2.1
	120.0±3.8
	5.9±1.0
	26.0±0.7
	13.3±1.2
	60.1±5.1
	221.5±15.2
	17.8±0.5
	17.8±3.2
	0.2±0.0

	HZ-g

	86.4±2.4**
–7.2
	66.1±4.2**
–44.9
	15.0±1.8
155.1
	18.7±0.8**
–28.3
	8.6±0.7**
–35.3
	8.8±0.4**
–85.3
	51.1±4.8**
–76.9
	14.2±0.5**
–20.1
	7.7±1.2**
–56.8
	0.1±0.0**
–54.4

	ZJ8-HGDP
	80.2±2.1B
	86.3±3.5A
	6.8±1.5B
	23.6±0.7A
	12.5±1.1A
	32.5±3.2B
	142.0±6.5B
	25.3±0.9A
	21.2±2.6A
	0.2±0.0A

	ZJ8-gd

	69.4±2.9C
–13.5
	73.3±2.9B
–15.1
	8.9±1.5A
30.5
	18.3±0.8B
–22.7
	7.8±0.6B
–37.6
	25.5±2.7C
–21.5
	92.5±7.2C
–34.9
	23.7±0.5B
–6.1
	14.1±1.1C
–33.4
	0.2±0.0B
–24.5

	ZJ8-h

	82.0±2.6A
2.2
	87.0±2.3A
0.8
	5.3±1.0B
–22.8
	23.4±0.8A
–0.9
	12.5±0.9A
0
	43.3±4.3A
33.1
	160.1±13.7A
12.7
	24.7±0.9AB
–2.3
	18.2±1.3B
–14.3
	0.2±0.0B
–15.7

	T65-hGDP
	95.0±3.5B
	123.6±3.4AB
	5.8±0.5A
	27.0±1.4AB
	10.6±0.7B
	27.0±2.8A
	116.2±8.2A
	21.1±1.5B
	10.4±0.7AB
	0.1±0.0B

	T65-p

	102.9±3.6A
8.3
	122.8±2.1B
–0.7
	6.3±1.3A
8.6
	27.3±2.0A
1.1
	11.8±0.7A
11.1
	20.8±1.5B
–22.8
	97.7±8.9B
–15.9
	20.5±1.5B
–2.6
	9.3±0.8B
–10.5
	0.1±0.0B
9.1

	T65-gd

	91.4±2.9C
–3.8
	126.8±2.7A
2.6
	6.5±0.9A
12.1
	25.1±1.7B
–7.2
	11.3±1.0AB
6.6
	24.3±3.1AB
–9.9
	99.1±6.1B
–14.7
	23.0±1.3A
9.0
	12.3±1.4A
17.9
	0.1±0.0A
21.37

	Nip-HGDP
	61.8±5.2
	77.2±2.3
	9.4±2.0
	21.3±1.3
	6.1±1.1
	14.1±1.8
	59.8±3.6
	22.2±1.0
	9.4±1.6
	0.1±0.0

	Nip-hdp

	86.6±3.1**
40.1
	100.2±3.9**
29.8
	8.0±2.4
–14.9
	21.2±1.2
–0.5
	9.1±0.8**
49.6
	20.7±2.0**
46.6
	81.5±7.4**
36.4
	23.3±0.8*
6.0
	13.4±2.6**
42.0
	0.1±0.0
11.8


[bookmark: _Hlk140151283][bookmark: _Hlk129768877][bookmark: _Hlk129768972]NSD, natural short day; NLD, natural long day; HD, heading date; PH, plant height; TN, tiller number; PL, panicle length; NPB, number of primary branches; NSB, number of secondary branches; SPP, number of spikelets per panicle; TGW, thousand-grain weight; GWP, grain weight per plant; DWG, daily weight gain; DWG is GWP divided by the whole growth period. The whole growth period is heading date plus 30 d. H, Hd1; h, hd1; G, Ghd7; g, ghd7; D, DTH8; d, dth8; P, PRR37; p, prr37. The wild-type plants were used as a control and to calculate the contribution rate (CR) of agronomic traits (AT). CRmutant% = (ATmutant – ATWT)/ATWT × 100. Capital letters indicate significant differences test by least significant difference (LSD) method. * and **” indicate the significance at 5% and 1% levels by Student’s t-test, respectively. 
[bookmark: _Hlk140151370]Table S4. Rice materials carrying the XZ-Ghd7 haplotype in The 3000 Rice Genomes database
	Number
	Sample ID
	Subpopulation
	Location

	1
	B011
	indica intermediate
	India

	2
	B026
	indica intermediate
	Indonesia

	3
	CX206
	indica2
	Philippines

	4
	CX24
	indica intermediate
	India

	5
	IRIS_313-10662
	indica3
	Sri Lanka

	6
	IRIS_313-10836
	indica intermediate
	India

	7
	IRIS_313-11639
	indica intermediate
	India

	8
	IRIS_313-7824
	indica2
	Senegal

	9
	IRIS_313-8265
	indica intermediate
	India

	10
	IRIS_313-8412
	indica intermediate
	China

	11
	IRIS_313-9351
	indica intermediate
	India

	12
	IRIS_313-9925
	indica2
	Korea
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TG AATTTCGATGTTTTCTARCCGGAARTAT TT TAAGTTT TAACATATTTT T GACCAAAT]
ATGAATTTCGATGTTTTCTARCCGGAAATATT T TAAGTTTTAACATATTTTTGACCAAAT]
ATGAATTTCGATGTTTTCTARCCGGAAATATTTTAAGTTTTAACATATTTTTGACCAAAT]
A TCAATTTCGATGT T TTCTARCCGGAARTAT T T TAAGT T T TAACATATTTTTGACCAAAT]
AT GAATTTCGATGT T T TCTARCCGGAARTAT T T TAAGT T T TAACATATT T TTGACCAAAT]

TTACAARTATTTARAAARATTAGAAAAATT TTGGGIIGAGATTTGTGCTTGCCGGTGGAGT]
T TACAAATATTTARAAARATTAGARAAATTTTGGGGAGAT TTGTGCTTGCCGGTGGAGT]
T TACAARTATTTARAAARATTAGARAARTT TTGGGIEGAGAT TG TGCTTGCCGGTGEAGT]
T TACAAATATTTARAAARATTAGARAAATTTTGGGJGAGATTTGTGCTTGCCGGTGGAG]

AACGACTCGCACARGACGGTGCGAAGTTTTATTGATAGAGCAGA)
IAACGACTCGCACARGACGGTGCGAAGTTTTATTGATAGAGCAGA)

IAACGACTCGCACARGACGGTGCGAAGTTTTATTGATAGAGCAGA)
[AACGACTCGCACARGACGGTGCGAAGTTTTATTGATAGAGCAGA)
A CCACTCGCACARGACGGTGCGARGT T T TATTGATAGAGCAGA)

AGAAAARGGAAAARATATACCACCACCCACACACCGACA]
AGAAAAAGGAAAARATATACCACCACCCACACACCGACA)
AGAAAAAGGAAAARATATACCACCACCCACACACCGACA]
AGARAAAGGARAARATATACCACCACCCACACACCGACA]
AGAAAAAGGARAARATATACCACCACCCACACACCGACA)
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ACACAGAAGAGAACGCCCAAAAAACGCCCTTACAAC]
ACACAGAAGAGAACGCCCAARAAACGCCCTTACAAC)
ACACAGAAGAGAACGCCCAARAAACGCCCTTACAAC)
ACACAGAAGAGAACGCCCAAAAAACGCCCTTACAAC]
ACACAGAAGAGAACGCCCAARAAACGCCCTTACAAC)

JCAACACAAAGCCCAACTCCATCTAGATTGTGCTTGCACCAATCGTTCGAGTGGTTTCGGY]
JCARCACAAAGCCCAACTCCATCTAGATTGTGCTTGCACCAATCGTTCGAGTGGTTTCGG]
JCAACACAAAGCCCAACTCCATCTAGATTGTGCTTGCACCARTCGTTCGAGTGGTTTCGG]
JCAACACAAAGCCCAACTCCATCTAGATTGTGCTTGCACCAATCGTTCGAGTGGTTTCGGY]
AR CACAAAGCCCAACTCCATCTAGATTGTGCT TGCACCAATCGTTCGAGTGGTTTCGGT)

AAGGGGATGRCTARACGACGTCTCCAACGAGAGARGCGACGGAAAACCGTCCCACCATC]
AACGGGATGCTARACGACGTCTCCAACGAGAGARGCGACGGAARACCGTCICCACCAT]

[AAGGGGATGRCTARACGACGTCTCCAACGAGAGARGCGACGGARAACCGTCRCCACCATC]
[AAGGGGATGRCTARACGACGTCTCCAACGAGAGAAGCGACGGAAAACCGTCCCACCATC]
[AACGGCATGHC TARACGACGTCTCCAACGAGAGARGCGACGGAAARCCGTCCCACCATY)

IGACTCARAAGAGCCAAGATTGGGCTTTCGCCTGGCARRCAC)
GACTCARAAGAGCCARGATTGGGCTTTCGCCTGGCARACAC]
IGACTCARAAGAGCCAAGATTGGGCTTTCGCCTGGCARACAC]
IGACTCARAAGAGCCAAGATTGGGCTTTCGCCTGGCARACAC)
oA CTCARAAGAGCCAAGATTGGGCTTTCGCCTGGCARACAC)
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TCCACCACAGCTCAACCT CTGCCGATGTGTGGGACCACTGCACCCCY
T CCACCACAGCTCAACCT CTGCCGATGTGTGGGACCACTGCACECC]
T CCACCACAGCTCAACCT CTGCCGATGTGTGGGACCACTGCACCCC]
T CCACCACAGCTCAACCTCTGCCGATGTGTGGGACCACTGCACCCC]
e CCACCACAGCTCAACCTCTGCCGATGTGTGGGACCACTGCACECC]

[GCAACCACGGTATATCGAAAGGTAACCTT)
CCAACCACGGTATATCGARAGGTAACCTT)
GCAACCACGGTATATCGARAGGTARCCTT)
GCAACCACGGTATATCGARAGGTAACCTT]
CCAACCACGGTATATCGARAGGTAACCTT)

CATACATTGTGAGAAATAGCTTTAGCTTAGAGTGCAT CTTATACTTARGGTCTAC]
CATACATTGTGAGAAATAGCTTTAGCTTAGAGTGCATCTTATACTTARGGTCTAC)
CATACATTGTGAGAAATAGCTTTAGCTTAGAGTGCATCTTATACTTARGGTCTAC)
CATACATTGTGAGAAATAGCTTTAGCTTAGAGTGCATCTTATACTTARGGTCTAC)
CATACATTGTGAGAAATAGCTTTAGCTTAGAGTGCATCTTATACTTAAGGTCTAC)
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AACTACASTATAABAATTATATAACT TGTATAGATGTATTARAATAATATATGCARCT 1]
[AACTACARTATAABAATTATATAACT TGTATAGATGTATTARAATAATATATGCARCTTT]
[AACTACARTATAABAA T TATATAACT TGTATAGATGTATTARAATAATATATGCARCTTT]
AACTACARTATAAAA T TATATAACT TGTATAGATGTATTARAATAATATATGCAACTT ]

[AACTACANTATAABAA T TATATAACT TGTATAGATGTATTARAATAATATATGCARCTTT]

ATATCTAATTTGATAGAGATAATARTGTAGT TACTGTARCTAGGGTATAACTGY

ATATCTAATTTGATAGAGATAATAATGTAGT TACTGTAACTAGGGTATAACTG
IATATCTAATTTGATAGAGATAATARTGTAGT TACTGTAACTAGGGTATAACTGH
[ATATCTAATTTGATAGAGATAATAATGTAGTTACTGTAACTAGGGTATAACTCH
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T AACATGTAACTTGCTAATTTTTTAAAAAACTTGCAAGCTGGTGGGATCGAGGTCCTG)
B A ACATGTAACTTGCTAATTTTTTAAAAAACTTGCAAGCTGGTGGGATCGAGGTCCT)
BT AACATGTAACTTGCTAATTTTTTAAARAACTTGCAAGCTGGTGGGATCGAGGTCCTS)
ARCATGTAACTTGCTAATTTTTTAAAAAACTTGCAAGCTGGTGGGATCGAGGTCCTG)
T AACATGTARCT TGO TAATTT T TTAARAAACT TGCAAGCTGGTGGGATCGAGGTCCTG)

GG T T CGAACCCCATGCAGCGCACARATTATG T TTCTCACACGGGATTTTTTTCCATGAA]
GG TTCGAACCCCATGCAGCGCACARATTATGT T TCTCACACGGGATT TTTTTCCATGAAC]
oG TTCGAACCCCATGCAGCGCACARATTATGT T TCTCACACGGGATTTTTTTCCATGAAC]
oG TTCGAACCCCATGCAGCGCACARATTATGT T TCTCACACGGGATTTTTTTCCATGAAC]
oG TTCGAACCCCATGCAGCECACARATTATGT T TCTCACACGGGATT TTTTTCCATGAAC)

GCGCCAGCACGAATCTTGAGATGARTCHGACGGTCAAAAATTCGARAGAATTTACCCE

JoCGCCAGCACGARTCTTGAGATGART CGACGGTCARARATTCGARAGAATTTACCCC
JGCGCCAGCACGARTCTTGAGATGAATCIBGACGGTCARAAATTCGARAGAATTTACCCCH
JeccccaceaceaaTcTToAGATGART CBGACGGTCARRAATTCGARAGAAT TTACCCCH
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AT TG CCCTGATATATCCATCTARTTCATGGACAT T T TCCTAGTCTTGGGGGGATATAR
A TG CCCTGATATATCCATCTARTTCATGGACAT T TTCCTAGTCTTGGGGGGATATAR
B TG CCCTGATATATCCATCTARTTCATGGACAT T TTCCTAGTCTTGGGGGGATATAR
AT TGCCCTGATATATCCATCTAATTCATGGACATTTTCCTAGTCTTGGGGGGATATAR
A 17 CCCCTGATATATCCATCTAATTCATGGACAT T T TCCTAGT CTTGGGGGGATATAR

ATAATAGGAGCTAGAGCGECGCATGGOTAGTGAAGTCCAGCCAGCHCAGAAGATCCTTGY]

GGG GAT CTGGTTGCAR TGGGGATGGCCAATGAGGAGT CGCCAAATTATCAGGTGARAAAA]
6GGGATCTGGTTGCARTGGEGATGGCCAATGAGGAGTCGCCAAATTATCAGGTGARAAAA)
GGG GATCTGGT T GCARTGGEGATGGCCAATGAGGAGTCGCCAAAT TATCAGGTGARAAAA)
J6GGGATCTGGTTGCARTGGEGATGGCCAATGAGGAGTCGCCAAATTATCAGGTGARAAAA)
oG GATCTEGTTGCAATGGEGATGGCCAATGAGGAGTCGCCAAATTATCAGGTGARAAR)

GG CGGCCGGATTCCTCCACGTAAGGACCAAATCCATCCACAGATCGCCCCGCTCTCCTCY)
JeaCGaCCGaATTCCTCCACETAAGGACCAAATCCATCCACAGATCGECCCGCTCTCCTCY)
oG CaaCCaaATTCCTCCACETAAGGACCAAATCCATCCACAGATCGECCCGCTCTCCTC)
oG CaaCCaaATTCCTCCACETAAGGACCAAATCCATCCACAGATCGECCCGCTCTCCTCY)
JeaCaaCCaaAT T CCTCCACGTAAGGACCAAATCCATCCACAGATCGCCCCGCTCTCCTCY)

ATCGATCATARTATGATCTCGCAATGECCCCCCTACCTITCCCTCATCCCCARCTTGCCT]
JATCGATCATARTATGATCTCGCARTGGCCCCCCTACCTTTCCCTCATCCCCARCTTGEC]
AT CGATCATARTATGATCTCGCAATGGCCCCCCTACCTTTCCCTCATCCCCARCTTGECT]
AT CGATCATARTATGATCTCGCARTGGCCCCCCTACCTITCCCTCATCCCCARCTTGECH]
A TCGATCATAATATGATCTCGCAATGGECCCCCCTACCTTTCCCTCATCCCCAACTTGCCC)
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TG CT T T CT T CTTCT I CTTCT TGTACCTATAT AT TACARGTCATCGATCTCGCTGAT]
JreTCTTCTTCTTCTTCTICTTCTTGTACCTATATTATTACAAGTCATCGATCTCGCTGAT]

TG TCTTCTTCTrCTTCTICTTCTTGTACCTATATTAT TACAAGTCATCGATCTCGCTGAT]
JraTCTTCTTCTrCTTCTICTTCTTGTACCTATATTATTACARGTCATCGATCTCGCTGAT]
freTcTTCTTCTTCTTCTTICTTCTTGTACCTATATTATTACARGTCATCGATCTCGCTGAT]
CGATCAGTGATCACAAGCATTTCACAACCCTAGCTAGCTGAGCTGATCGAGCTCARGT GA
CGATCAGTGATCACAAGCATTTCACAACCCTAGCTAGCTGAGCTGATCGAGCTCARGTGA)
CGATCAGTGATCACAAGCATTTCACAACCCTAGCTAGCTGAGCTGATCGAGCTCARGTGA]
CGATCAGTGATCACAAGCATTTCACAACCCTAGCTAGCTGAGCTGATCGAGCTCARGTGA)
CGATCAGTGATCACAAGCATTTCACAACCCTAGCTAGCTGAGCTGATCGAGCTCARGTGA)

e T CACCTGCTATAGCTAACT TACTAGCTAGCT CTAGCTAGT TG TTGTTTGTAGCTCGAT]
JCC T CACCTGCTATAGCTAACT TACTAGCTAGCTCTAGCTAGTIGTTGTTTGTAGCTCGAT]
JcCTCACCTGCTATAGCTAACTTACTAGCTAGCTCTAGCTAGT TG TTGTTTGTAGCTCGAT]
JcCTCACCTGCTATAGCTAACTTACTAGCTAGCTCTAGCTAGTTGTTGTTTGTAGCTCGAT]
ccreaccracraraceTaacTraCTAGCTAGC TCTAGCTAG T TG T TG TT TG TAGC TCGAT]

[ceaTTTGATTTATCCGT T
ceacrrTcATTrATCCGT T

ceacrroATTTATCCGT ]
ceacrrroATTrATCCOT ]
ccacrrrcaTTTATcCoTTd
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A TATATTTTAGCTTGCTCTCTAAATTATAAACACACGTACGGCGGTACTTTAATTAATTT]
A TATATT T TAGCTTGCTCTCTAAATTATAAACACACGTACGGCGGTACTTTAATTAATTT]
A TATATT T TAGCTTGCTCTCTAARTTATAAACACACGTACGGCGGTACT I TAATTAATTT]]
A TATATT T TAGCTTGCTCTCTAAATTATAAACACACGTACGGCGGTACTITAATTAATT ]

GG T TG T TG T TAGCT TG CGATCGTCAGTGCT TCTGGCCARGAGTGTTCCARATTAACCA]
G CGT TG T TG T TAGCTTGTCGATCGTCAGTGCTTCTGGCCARGAGTGTTCCARATTAACCG]
GG T TG T TGTTAGCTTGT CGATCGTCAGTGCTTCTGGCCAAGAGTGTTCCARATTAACCG]
GG T TG T TG T TAGCTTGTCGATCGTCAGTGCTTCTGGCCAAGAGTGTTCCARATTAACCG]
o T TG T TG T TAGC T TG CGATCGTCAGTGCT TCTGGCCARGAGTGTTCCARATTAACCG)

ACCGATCAACAAATGATGGATAAAGATAGCAGATATCATCATCAT CAT]
IACCGATCAACAAATGATGGATAAAGATAGCAGATATCATCATCATCAT|
IACCGATCAACAAATGATGGATAAAGATAGCAGATATCATCATCATCAT|
JACCGATCAACAAATGATGGATAAAGATAGCAGATATCATCATCATCAT|
IACCGATCAACAAATGATGGATAAAGATAGCAGATATCATCATCATCAT)

[oTATGACCGGGCCATTCAGTTCATAGGAGATAAGCTAGCATTCT TACT TGCGCTGGGCH]
forarcaccllcGGCCATTCAGTTCATAGGAGATAAGCTAGCATTCT TACT TGCGCTGGGCH]
JoTATGACCIGGGCCATTCAGTTCATAGGAGATAAGCTAGCATTCT TACT TGCGCTGGGC]
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GTCAGCAGCTGACTGCTTTAGTTGGCTAGCTCTTGTGCGTCTTGCAATGGATTTGC)
GTCAGCAGCTGACTGCTTTAGTTGGCTAGCTCTTGTGCGTCTTGCAATGEATTTGY)
GTCAGCAGCTGACTGCTTTAGTTGGCTAGCTCTTGTGCGTCTTGCAATGGATTTGC]

CGTCAGCAGCTGACTGCTTTAGTTGGCTAGCTCTTGTGCGTCTTGCAATGGATTTGT]

CGTCAGCAGCTGACTGCTTTAGTTGGCTAGCTCTTGTGCGTCTTGCAATGEATTTG])

T TACTACTGGACTACTAGAGGAGAGGATGAACTTCGAGTGTGCTGTGCTGTGCTGTG)
T T TACTACTGGACTACTAGAGGAGAGGATGAACT TCGAGTGTGCTGTGCTGTGCTGTG)

T T TACTACTGGACTACTAGAGGAGAGGATGAACT TCGAGTGTGCTGTGCTGTGCTGTG)

T T TACTACTGGACTACTAGAGGAGAGGATGAACTTCGAGTGTGCTGTGCTGTGCTG TGS
br T TACTACTGGACTACTAGAGGAGAGGATGAACTTCGAGTGTGCTCTGCTGTGCTGTC RS

(GTGATAGATAGCATACATGC]
cTGATAGATAGCATACATGC]
crcarTacaTAGCATACATGC]

Bl rcaTacaTaccaTaCATG]

B rcazacaTAcCATACATG]

TATGCAGCATATGGACATATGGTGGGGGTACTCCGAAT]
TATGCAGCATATGGACATATGGTGGGGGTACTCCGAAT]
T ATGCAGCATATGGACATATGGTGGGGGTACTCCGAAT]
TATGCAGCATATGGACATATGGTGGGGGTACTCCGAAT]
[FATGCAGCATATGGACATATGGTGGGGGTACTCCCAAT)

ATATTTCTGGATTGTGGTTGGTTCTT T TGCTACTGCTTGCCTTTTCTGACTCGCTCTCTCT]
A TATTTCTGGATTGTGGTTGGTTCTTTTGCTACTGCTTGCCTTTTCTGACTCGCTCTCTCT]
A TATTTCTGGATTGTGGTTGGTTCTTTTGCTACTGCTTGCCTTTTCTGACTCGCTCTCTCT]
A TATTTCTGGATTGTGGTTGGTTCTTTTGCTACTGCTTGCCTTTTCTGACTCGCTCTCTCT]
A TATTTCTGGATTGTGGTTGGTTCTTTTGCTACTGCTTGCCTTTTCTGACTCGCTCTCTCT)

ATATATATATATATATGGAGTATATAGCTTTTTTTTCCTAC
ATATATATATATATATGGAGTATATAGCTTTTITTICCTAC
ATATATATATATATATGGAGTATATAGCTTITTTTICCTA
ATATATATATATATATGGAGTATATAGCTTTTRTTTICCTA]
ATATATATATATATATGGAGTATATAGCTTTTTTTTCCTAC)
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ITAGTGAGAGAGAGAGAGAIIIAGCCAT TATTATT TTTCCCGGAAGAACAAGAGGAAACGAAT]
I AGTGAGAGAGAGAGAGAIAGCCAT TATTATT TT1CCCGGAAGAACARGAGGAARCGAAT]
I1AGTGAGAGAGAGAGAGAIMIAGCCATTATTATT TTTCCCGGAAGAACARGAGGAAACGAAT]
I AGTGAGAGAGAGAGAGAIAGCCATTATTATT TTTCCCGGAAGAACAAGAGGAAACGAAT]
b ACTGAGAGAGAGAGAGAIIAGCCAT TAT TATT TT1CCCGGAAGAACARGAGGAARCGAAT)

AARAAGGAAATCTACATCAATAAAGCTAATTCACAGTTCCTTGTGCTATACAAACGTACAG]
IAARAAGGAAATCTACATCAATAAAGCTAATTCACAGT TCCTTGTGCTATACAAACGTACAG]
AARAAGGAAATCTACATCAATAAAGCTAATTCACAGTTCCTTGTGCTATACARACGTACAG]
AARAAGGAAATCTACATCAATAAAGCTAATTCACAGTTCCTTGTGCTATACARACGTACAG]
AR AAGGAAATCTACATCAATAAAGCTAATTCACAGT TCCTTGTGCTATACARACGTACAG)

TAGATTATTGATTAGCAACAGATTCTCACTGGATTATATCGTGAAAATTAGAAATATGTAC]
b AGATTATTGATTAGCAACAGAT TCTCACTGGATTATATCGTGAAAATTAGARATATGTAC)
I AGATTATTGAT TAGCAACAGATTCTCACTGGATTATATCGTGAAAATTAGARATATGTAC)
I AGATTATTGATTAGCAACAGAT TCTCACTGGATTATATCGTGAAAATTAGARATATGTAC)
A G AT T AT TGAT TAGCAACAGATTCTCACTGGATTATATCGTGAARATTAGARATATGTAC)

TGCTGGTGGTTCTGTGTTTCCTCTGTTTGAGCTGACAATACGTCTGCTATACTACACGGGA]
IrCCTGGTGGTTCTGTGTTTCCTCTGTTTGAGCTGACAATACGTCTGCTATACTACACGGGA]
bGCTGGTGGTTCTGTGTTTCCTCTGTTTGAGCTGACAATACGTCTGCTATACTACACGGGA]
GCTGGTGGTTCTGTGTTTCCTCTGTTTGAGCTGACAATACGTCTGCTATACTACACGGGA]
bt CTGGTGaTTCTGTGTTTCCTCTGT T TGAGCTGACAATACGTCTGCTATACTACACGGG)

T AGTTTCTTATARTCTCTGAATAGTAGTATGT CAACTGTAGTTTTTGTTTTCCTTTCTAG)
T T AGTTTCTTATARTCTCTGAATAGTAGTATGTCAACTGTAGTTTTTGTTTTCCTTTCTAG)
T T AGTTTCTTATARTCTCTGAATAGTAGTATGTCAACTGTAGTTTTTGT T TTCCTTTICTAG)
T T AGTTTCTTATARTCTCTGAATAGTAGTATGTCAACTGTAGT T T TG I TTCCTTTCTAG)
e AGTTTCTTATAATCTCTGAATAGTAGTATGTCAACTGTAGTTTTTGTTTTCCTTTCTAG)





image14.png
A GATTATTTTCCTGTTTACGACACATARATAAAGT TAATAATTTGCGGGGCGCGATAATAA]
AGATTATTTTCCTGTTTACGACACAT;

AGATTAT T TTCCTGTTTACGACACATANATAAAGT TAATAAT T TGCGGGGGGCGATAATAA]
AGATTATTTTCCTGTTTACGACACATARATARAGT TARTAATT TGCGGGGGGCGATAATAA]
AGATTAT T TTCCTGTTTACGACACATABATAAGT TARTAAT T TGCGGGGGGCGATAATAA]

T TGAATTAATTAAATARATAGAATAATTATGCT TGGAGTGTTTTGAGGAGAAATGATACTA]
T TGAATTAATTAAATARATAGAATAATTATGCTTGGAGTGTTTTGAGGAGAAATGATACTA]
T TCAATTAATTAARTARATAGAATAATTATGCT TGGAGTGTTTTGAGGAGARATGATACTA]
T TGAATTAATTAAATARATAGAATAATTATGCTTGGAGTGTTTTGAGGAGAAATGATACTA]

[GGGAT TTGGAGAAGAGAATGAGATTCTTTGTTTGGACGGGTGGCCCAGCATTGACGGGAG]
CGGAT T TGGAGAAGAGAATGAGATTCTTTGT T TGGACGGGTGGCCCAGCATTGACGGGAGA]
JoGGATTTGGAGAAGAGAATGAGAT TCTTTGT T TGGACGGGTGGCCCAGCATTGACGGGAGA]
[oGGATTTGGAGAAGAGAATGAGATTCTTTGT T TGGACGGGTGGCCCAGCATTGACGGGAGA]
GGG AT TTGGAGAAGAGAATGAGAT TCT T TGTTTGGACGGETGGCCCAGCATTGACGGGAGA]

GG GCCGGATAGGCCCAGAAAAAGAGCCCARAGAAAGAAGGAGGT GGACACGTGGGAGATC]
7 CCCGGATAGGCCCAGAARAAGAGCCCARAGARAGAAGGAGGTGGACACGTGGGAGATC]
GG GCCGGATAGGCCCAGAARAAGAGCCCARAGARAGAAGGAGGTGGACACGTGGGAGATC]
GGGCCGGATAGGCCCAGAARAAGAGCCCARAGARAGAAGGAGGTGGACACGTGGGAGATC]
G CCCCGGATAGGCCCAGAARAAGAGCCCARAGARAGARGGAGGTGGACACGTGGGAGATC)

TG CGCGGATCTCGGGEAGCGCAAGGGAGCGCGCGGCTTTTGATTTCOTGGGATCTCAGGGA]
GCGCGGATCTCGGGEAGCGCAAGGGAGCGCGCGGCTTTTGATTTCGTGGGATCTCAGGGA]
I GCGCGGATCTCGGGEAGCGCAAGGGAGCGCGCGGCTTTTGATTTCGTGGGATCTCAGGGA]
G CCCGGATCTCEGGEAGCGCAAGGGAGCGCGCEGCTTTTGATTTCGTGGGATCTCAGGGA]
16 CGCGGATCTCGEGEAGCGCAAGGGAGCGCGCGGCTTTTGATTTCGTGGGATCTCAGGG)
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ICGGGCCCACCAGCGGCGCTCCCCACHTCCATTTGTTCCACGTCACCGCCCTCCCCARTATC)
IcGGGCCCACCAGCGGCGCTCCCCACTCCATTTGTTCCACGTCACCGCCCTCCCCARTATC)
IC GG GCCCACCAGCGGCGCTCCCCACTCCATTTGTTCCACGTCACCGCCCTCCCCARTATC)
IcGGGCCCACCAGCGGCGCTCCCCACHTCCATTTGTTCCACGTCACCGCCCTCCCCARTATC)

TAGTAGCAGTAGCAGCGGAGGGAGCGGCACACGATACGCGCCGCGCGGATCCCCTCCCTTC)
T AGTAGCAGTAGCAGCGGAGGGAGCGGCACACGATACGCGCCECGCGGATCCCCTCCCT )
T AGTAGCAGTAGCAGCGGAGGGAGCGGCACACGATACGCGCCGCGCGGATCCCCTCCCTTC)
T AGTAGCAGTAGCAGCGGAGGGAGCGGCACACGATACGCGCCGCGCGGATCCCCTCCCTTC)
A G TACCAGTAGCAGCGGAGGGAGCGGCACACGATACGCGCCECGCaEATCCCCTCCCTTY)

[cCTceTeTTeTTCeTCCGCCTTCGCCGCCGT]
fccrccrerrerreerccaccracaccaccad]

fccrccrerrerreerccaccrrcaccaccad]
fccrecrerrerrcerccaccrrcacceccad]
fccrccrerrerreerccaccracsccsccad]

T CCGCCTCARCCCCGTTCGTCCCCAACCAACCAACCGCAGGTAACTTCCCCTCTGGATCT )
T CCGCCTCARCCCCGTTCGTCCCCAACCAACCAACCGCAGGTAACTTCCCCTCTGGATCT )
T CCGCCTCARCCCCGTTCaTCCCCAACCAACCAACCGCAGGTAACTTCCCCTCTGGATCT )
T CCGCCTCARCCCCGTTCGTCCCCAACCAACCARCCGCAGGTAACT TCCCCTCTGGATCT )
brCCoCCTCARCCCCaTTCaTCCCCAACCAACCAACCGCAGGTAACT TCCCCTCTGGATCT )

ICCACAGTATGTATTCGTCGATTCAT T TCATTTTCATCCGGGTTCATCAGTCCAATCCARGC]
ICCACAGTATGTATTCGTCGATTCAT T TCATTTTCATCCGGGTTCATCAGTCCAATCCAAGC]
ICCACAGTATGTATTCGTCGATTICAT T TCATT1TCATCCGGGTTCATCAGTCCAATCCAAGC]
ICCACAGTATGTATTCGTCGATTCAT T TCATTTTCATCCGGGTTCATCAGTCCAATCCARGC]
CCACAGTATGTATTCGTCGATTCATTTCATTTTCATCCGGGTTCATCAGTCCAATCCAAGC)
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[GARTACTAAGCT CACTTGAATTCGGT TGGTGCCTCGTCGTCATTCTGCCACCACTTGAGAG
JGARTACTAAGCTCACTTGAATTCGGT TGGTGCCTCGTCGTCATTCTGCCACCACTTGAGAG]
JGARTACTARGCTCACTTGAATTCGGTTGGTGCCTCGTCGTCATTCTGCCACCACTTGAGAG]
JGARTACTAAGCTCACTTGAATTCGGTTGGTGCCTCGTCGTCATTCTGCCACCACTTGAGAG]
JGARTACTAAGC T CACTTGAATTCGGT TGGTGCCTCGTCGTCATTCTGCCACCACTTGAGAG)

T CCTTCATACACACACCACTCGCAGTCTCAGCAGCAGCAGCAGCAGCGCAGGTARTTTCA]
r T CCTTCATACACACACCACTCGCAGTCTCAGCAGCAGCAGCAGCAGCGCAGGTARTTTCA]
Jx T CC T TCATACACACACCACTCGCAGTCTCAGCAGCAGCAGCAGCAGCGCAGGTARTTTCA]
7T CC T TCATACACACACCACTCGCAGTCTCAGCAGCAGCAGCAGCAGCGCAGGTARTTTCAl
br T o T TCATACACACACCACTCGCAGTCTCAGCAGCAGCAGCAGCAGCGCAGGTARTTTCA)

[CT T TACAGT TTCTTCTACTACTATCATAGT CCTAGTCCTAGTACTATACTACTATAATACT]
[C T TTACAGTTTCTTCTACTACTATCATAGTCCTAGTCCTAGTACTATACTACTATAATACT]
[C T T TACAGT TTC T TCTACTACTATCATAGTCCTAGTCCTAGTACTATACTACTATAATACT]
C T TTACAGTTTCTTCTACTACTATCATAGTCCTAGTCCTAGTACTATACTACTATAATACT]
o T TTACAGTTTCTTCTACTACTATCATAGTCCTAGTCCTAGTACTATACTACTATAATACT]

TG TG TCTGATGCAACTCTCTCTAGT CCGTAGCARAGCTGCTGTTATCTTCCTACGTACGT]
AT TG TCTGATGCAACTCTCTCTAGTCCGTAGCARAGCTGCTGTTATCT ICCTACGTACGT]
A TG TG TCTGATGCAACTCTCTCTAGTCCGTAGCARAGCTGCTGTTATCTTCCTACGTACGT]
A TG TG TCTGATGCAACTCTCTCTAGTCCGTAGCARAGCTGCTGTTATCTTCCTACGTACGT]
AT TG TC T GATGCAACTCTCTCTAGTCCGTAGCARAGCTGCTGTTATCTTCCTACGTACGT)

AAGCTGGATCATATCCTTCTCTTTT T T T T TICTCIATCTICTATTCT T TCTCATTTGTGAGA]

AAGCTGGATCATATCCTTCTCTTTTTTT T TICTCTATCTICTATTCTTTCTCATITGTGAGA]
AGCTGGATCATATCCTTCTCTTTTT T T T TMCTCTATCTCTATTCT T TCTCATTTGTGAGA]
[AAGCTGGATCATATCCTTCTCTTTTITTTTNCTCTATCTCTATICTTTCTCATITGTGAGA)
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G CTGCTGCTGTTGGTCTTGGAGGCARACTAGTGTAATATGTGCCGTACCGCCTGCCTTTCT]
o CTGCTGCTGTTGGTCTTGGAGGCARACTAGTGTAATATGTGCCGTACCGCCTGCCTTTCT]
G CTCCTGCTGTTGGTCTTGGAGGCAAACTAGTGTAATATGTGCCGTACCGCCTGCCTTTCT]
o CTGCTGCTGTTGGTCTTGGAGGCARACTAGTGTAATATGTGCCGTACCGCCTGCCTTTCT]
o CTGCTGCTGTTGGTCTTGEAGGCARACTAGTGTAATATGTGCCGTACCGCCTGCCTTTCT]

T CATCARCCAAACCCCTGCCACCACT CAACCCGGCCARCCTCTTCGAGTCAGGCTG]
I CATCARCCAAACCCCTGCCACCACTCAACCCGGCCARCCTCTTCGAGTCAGGCTG)
I CATCARCCAAACCCCTGCCACCACTCAACCCGGCCARCCTCTTCGAGTCAGGCTG]
I CATCARCCAAACCCCTGCCACCACTCAACCCGGCCARCCTCTTCGAGTCAGGCTG]
T CATCARCCARACCCCTGCCACCACTCAACCCGECCAACCTCTTCGAGTCAGGCTG)
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QA Ghd7 1ads 20902419 bp

— -

Tardht KO-Ghd7 (1)
'WT-ATTTATCCGTTCATGTCGAT 228

XZ-g-1: ATTTATCCGTTCATGTCAGATz 2
XZ-g-2:ATTTATCCGTTCATGTC tGATzg 2

C Ghd7 1444 2090
L

2419 bp

Target
WT: ATTTATCCGTTCATGTCGAT 222
XZ-gp-1: ATTTATCCGTTCATGTCAGATz2 2
XZ-gp-2: ATTTATCCGTTCATGTCEGAT 22
ATTTATCCGTTCATGTCHGATz2E

d Ghd7 1 444 2090 2419 bp

L

Target 1 Target 2 Target 3
WT: cccTTCGTCTION0CCOGAGTGC - (244 bp) —

b Prr371 262 9740 1051711046

—_—f

Target
WT. CTCATCACAACCAAACCGC oz
XZ-p-1:CTCATCACAACCAAACaOGCozg

11171 bp

KO-PRR37 (1)

T65-p-1: CTCATCACAACCAAACA0GCCz2C

XZ-p-2: CTCATCACAACCARAC-GCogg T65-p-2:CT CG——AG—
PRR371 262 9740 10517 11046 11171 bp
L
Target KO-Ghd7 (1)/PRR37 (1)

WT: CTCATCACAACCARACCGCezE
XZ-gp-1: CTCATCACAA- (10-bp del) —g2
XZ-gp-2: CTCATCACAACCAAACA0GCC2g

CTCATCACAACCAAACtCGCCEE

DTH8 1 894 bp

Target 1 Target 2 KO-Ghd7 (3)/DTH8 (2)

GAACGOO0CGACTTOGAOGCozz— (44 bp) —ccaGOGCCACCATOGTGAGTATC WT: GOCGGGTATGTOGTCTAGGegs  GGGAACAAGGOSTACTGORG ez
XZ-gd-1: cccTTC (333-bp del) -GOCACCATOTGAGTATC XZ-gd-1:GCCGGGTATCTORTCTA—Gezg GOGAACAAGGOGTACTCACCGC 22
XZ-gd-2: cccTTC—CTTO00RCOGAGTGC - (244 bp) ~~GAACBGOOCGACC TGO A6 Cog e (44 XZ-9d-2: GOCGGGTATGTC- (8-bp del) ~cez GGGAACAMGGOSTACTG 106622

bp) — ccalOGtCCACCATOGTGAGTATC

2J8-gd-1: cocTTOGTC- (330-bp del)-GOCACCATOSTGAGTATC

2J8-9d-1: GCCGOGTA- (10-bp del) GGezs  GOGAACAAGCOGTACTGICCGcae

2J8-9d-2: cccTTCCIC—CORCOBAGTCC (244 bp) ~—6- (34-bp del) ~ccaGOGTOCACCATOGTGAGTATC  ZJ8-gd-2: GCCGGGTATGTOSICTACGcze  GGGAACAMGGOGTACTGACCG 23
T65-gd-1: cccTICETC (276-bi del) ~GCc 22~ (44 bp) —ccaGC-CCACCATOGTGAGTATC T65-gd-1: GCCOGOGTATGTORT—C5Gczz  GGGAACAAGGOGTACTGECGG a5
T65-gd-2: ccTTCETC—CORCOSAGTEC- (244 bp) G- (34-bp del)~ccaGOSTCCACCATCSTGAGTATC  T65-gd-2: GCCGGGTATGTOST—(5Gczz  GOGAACAAGOOGTACTGHCGG es
HZ.g-1: co<TTC- (355-bp de])-COCACCATCRTCAGTATC COCGOGTATCTOCTCTAtGGzs  GOCAACAMGOOSTACTGOGGcee,
HZ-g-2: cccTTIC—CTICCCGCOGAGTCC (244 bp) ~—~GAACGGOOCCACCTOG ARG Cog e (44
bp) ~—ccaG0GaCCACCATCRTGAGTATC
Hd11 828 1466 1825 bp f Hd1 1 828 1466 1825 bp
Tarfet 1 Target 2 KO-HAT @ KO-Hd1 (2)/DTH8 (2)/PRR37 (2)

WT-AACOTGTICGACCAGGAGG Tt GGGTATAGTACCAGACAGCAcee.

2J8-h-1: AACGTGTICGAC-—TGGTtez GGGTATAGTACCAGA-AGCAcee.
ZJ8-h-2: AACGTGTICGACCAG-~G6T 22 GGGTATAGTACCAG- (23-bp del)

Target 1 Target 2
WT: AACCTCTICGACCAGGAGG Tize  AGAGGGGAGCGGCTOCOCAT 225

Nip-halp-1: AACGTCTICGACCA- (55-bp del) ——Tzzs
Nip-hdp-2: AACGTGTTCGACCAGG A~ (50-biy del) ~CATzzz

PRR37 1 262 9740 10517 11046 11171 bp DTHS 1 894 bp
L
Target 1 Target 2 Target 1 Target 2
WT GCTTOCAATCAAGGTOGGACze  GCAGCARAGAGGGCTCAGCCtee WT-GOCGCGTATGTOGTCTACG Ggs GOCAMCAACGOTACTO G ceg
Nip-hdp-1: GCTTCCARTCAMGOTGGGACaz s GCAGCAMGAGGEC—GCCtes Nip-hdlp-1-GCCGGGTATGTOST——GGczz GGGAMCAMGOOGTAC— 0GGezs
CCTTCCAATCMCCTCCHGACazs  CCACCAMCAGSOCT—GCCHzg GCCOOGTATGTOGT——GGegs GOGAACARGOCSTACTGHCG ce s

Nip-hdp-2:GCTTCCAATCAAGGTGG G ACaz

CCAGCARACAGGEC—CCCtzz

Nip-hdp-26CCO0GTATGTOG TCTA2GG gz GGCAMCAAGGOGTAC—GGezs




