Supplementary Table 1. SSR primers used for screening of fertility restorer genes (Rf3 and Rf4)
	Molecular marker/primer
	Sequence (5’ to 3’)
	Gene linked/Based
	Chromosomal Amplification location
	Amplification product size in restorer (base pair)
	Amplification product size in non-restorer (base pair)

	RM6100
	F: TTCCCTGCAAGATTCTAGCTACACC R: TGTTCGTCGACCAAGAACTCAGG
	Rf4 (Gene linked)
	10
	150
	140

	DRRM‐Rf3‐5
	F: GATGGCACAGCTTCAGAACA
R: CTAATTCTGGGCGAGCAAAG
	Rf3 (Gene based)
	1
	160
	130

	DRRM‐Rf3‐10
	F: TCACCTCTTCCTGCTTCGAC
R: CTCCACCAGTGCAGGTTTTT
	Rf3 (Gene‐based)
	1
	210
	190

	DRCG RF4-14
	F: AGGGTGTTGACCAGCTTCC
R: CCATCCTCGCCTGAATCTC
	Rf4 (Gene‐based)
	10
	845
	885














Supplementary Table S2. Classification of the 33 potential restorer lines based on alleles detected by Rf3 and Rf4 gene-linked/based markers
	Marker
	Rf3Rf3 (homozygous restorer)
	Rf3rf3 (heterozygous)
	rf3rf3 (homozygous non-restorer)
	Total
	Marker

	DRRM-Rf3-5
	7
	10
	16
	33
	DRRM-Rf3-5

	DRRM-Rf3-10
	3
	4
	26
	33
	DRRM-Rf3-10

	Marker
	Rf4Rf4 (homozygous restorer)
	Rf4rf4 (heterozygous)
	rf4rf4 (homozygous non-restorer)
	Total
	Marker

	DRCG-RF4-14
	6
	16
	11
	33
	DRCG-RF4-14

	RM6100
	14
	1
	18
	33
	RM6100















Supplementary Table S3. Classification of the 33 potential restorer lines based on alleles detected by combinations of Rf3 and Rf4 gene-linked/based markers
	Allelic combination
	DRRM-Rf3-5 + DRCG-Rf4-14
	DRRM-Rf3-5 + RM6100
	DRRM-Rf3-10 + DRCG-Rf4-14
	DRRM-Rf3-10 + RM6100

	Rf3Rf3Rf4Rf4
	2
	4
	0
	2

	Rf3Rf3rf4rf4
	3
	3
	0
	1

	rf3rf3Rf4Rf4
	1
	6
	5
	11

	rf3rf3rf4rf4
	7
	9
	9
	14


Counts are number of genotypes (out of 33) in each of the four allelic-combination classes shown; the remaining five heterozygous-class combinations are fully described in the main text.














Supplementary Table S4. Efficiency of Rf3/Rf4 marker combinations in identifying potential restorers, by CMS line
	Marker combination
	IR 68888A
	IR 58025A
	RTN 10A
	RTN 12A
	APMS 6A
	Total/Mean

	DRRM-Rf3-5 + DRCG-Rf4-14 (%)
	78.8
	76.0
	77.8
	68.4
	78.8
	76.6

	DRRM-Rf3-5 + RM6100 (%)
	72.7
	72.0
	72.2
	73.7
	72.7
	72.7

	DRRM-Rf3-10 + DRCG-Rf4-14 (%)
	72.7
	64.0
	50.0
	52.6
	72.7
	64.8

	DRRM-Rf3-10 + RM6100 (%)
	57.6
	44.0
	22.2
	26.3
	57.6
	45.3


Percent efficiency = percentage of test crosses with a restorer allele that also reached >60% spikelet fertility (phenotypic restoration).











Supplementary Table S5. Classification of the 33 restorer lines based on mean spikelet fertility percentage (SFP) across CMS testers (FM = Fully maintainer, 0%; PM = Partial maintainer, 0.10-50.00%; PR = Partial restorer, 50.10-75.00%; FR = Fully restorer, >75%)
	Restorer line
	Mean SFP (%)
	n testers
	Classification
	Classes spanned
	Restorer line

	CR Dhan-801
	85.23
	2
	Fully restorer (FR)
	1
	CR Dhan-801

	Swarna
	82.83
	5
	Fully restorer (FR)
	1
	Swarna

	IURON-8/19
	82.48
	5
	Fully restorer (FR)
	1
	IURON-8/19

	IRBN-43/19
	81.59
	5
	Fully restorer (FR)
	2
	IRBN-43/19

	Pusa-44
	78.37
	5
	Fully restorer (FR)
	2
	Pusa-44

	CR Dhan-802
	78.04
	2
	Fully restorer (FR)
	1
	CR Dhan-802

	MTU 1010
	76.72
	4
	Fully restorer (FR)
	2
	MTU 1010

	Jora
	73.34
	2
	Partial restorer (PR)
	2
	Jora

	UD-183
	73.00
	3
	Partial restorer (PR)
	2
	UD-183

	RCPL 1-426
	72.49
	5
	Partial restorer (PR)
	2
	RCPL 1-426

	IRBN-15/19
	72.37
	5
	Partial restorer (PR)
	2
	IRBN-15/19

	Bhalum-5
	71.36
	5
	Partial restorer (PR)
	2
	Bhalum-5

	IRG-222
	70.24
	4
	Partial restorer (PR)
	2
	IRG-222

	Sakur Dhan
	67.71
	5
	Partial restorer (PR)
	2
	Sakur Dhan

	DRR Dhan-44
	66.83
	5
	Partial restorer (PR)
	2
	DRR Dhan-44

	RCMR-47
	66.30
	2
	Partial restorer (PR)
	1
	RCMR-47

	Bhalum-6
	64.01
	5
	Partial restorer (PR)
	2
	Bhalum-6

	Megha SA-2
	62.44
	5
	Partial restorer (PR)
	3
	Megha SA-2

	UD 216
	61.54
	4
	Partial restorer (PR)
	2
	UD 216

	UD-178
	59.63
	3
	Partial restorer (PR)
	3
	UD-178

	Vivek Dhan-44
	58.66
	4
	Partial restorer (PR)
	2
	Vivek Dhan-44

	Sambha Mahsuri
	58.48
	5
	Partial restorer (PR)
	3
	Sambha Mahsuri

	RCPL 1-438
	57.62
	2
	Partial restorer (PR)
	2
	RCPL 1-438

	RCMR-48
	56.29
	3
	Partial restorer (PR)
	1
	RCMR-48

	Bhalum-3
	53.74
	5
	Partial restorer (PR)
	3
	Bhalum-3

	RCMR-46
	53.64
	3
	Partial restorer (PR)
	2
	RCMR-46

	RCPL 1-431
	49.27
	3
	Partial maintainer (PM)
	2
	RCPL 1-431

	RCPL 1-437
	48.34
	3
	Partial maintainer (PM)
	2
	RCPL 1-437

	RCMR-44
	47.14
	4
	Partial maintainer (PM)
	2
	RCMR-44

	RCMR-40
	42.35
	3
	Partial maintainer (PM)
	2
	RCMR-40

	Shahsarang
	40.82
	5
	Partial maintainer (PM)
	2
	Shahsarang

	Bhalum-4
	37.23
	4
	Partial maintainer (PM)
	2
	Bhalum-4

	Kba Long
	30.85
	2
	Partial maintainer (PM)
	1
	Kba Long


Supplementary Table S6. Genetic distance (Nei's) between the 33 potential restorer lines and 5 CMS lines
	Restorer line
	APMS 6A
	IR 58025A
	IR 68888A
	RTN 10A
	RTN 12A

	BHALUM-3
	0.194
	0.176
	0.214
	0.206
	0.235

	BHALUM-4
	0.194
	0.244
	0.164
	0.214
	0.244

	BHALUM-5
	0.185
	0.118
	0.156
	0.147
	0.235

	BHALUM-6
	0.244
	0.147
	0.185
	0.176
	0.265

	CR DHAN-801
	0.223
	0.214
	0.135
	0.185
	0.214

	CR DHAN-802
	0.173
	0.143
	0.093
	0.114
	0.143

	DRR DHAN-44
	0.188
	0.152
	0.173
	0.182
	0.240

	IRBN-15/19
	0.221
	0.173
	0.152
	0.143
	0.202

	IRBN-43/19
	0.191
	0.143
	0.123
	0.114
	0.173

	IRG-222
	0.164
	0.143
	0.164
	0.173
	0.202

	IURON-8/19
	0.223
	0.164
	0.143
	0.194
	0.223

	JORA
	0.223
	0.223
	0.143
	0.135
	0.164

	KBA LONG
	0.214
	0.253
	0.156
	0.223
	0.253

	MEGHA-SA-2
	0.143
	0.223
	0.202
	0.194
	0.164

	MTU 1010
	0.200
	0.232
	0.182
	0.261
	0.261

	PUSA-44
	0.223
	0.244
	0.223
	0.156
	0.185

	RCMR-40
	0.282
	0.265
	0.303
	0.294
	0.324

	RCMR-44
	0.223
	0.147
	0.244
	0.176
	0.147

	RCMR-46
	0.206
	0.126
	0.047
	0.097
	0.185

	RCMR-47
	0.176
	0.097
	0.076
	0.067
	0.156

	RCMR-48
	0.223
	0.185
	0.135
	0.214
	0.303

	RCPL1-426
	0.229
	0.185
	0.105
	0.156
	0.235

	RCPL1-431
	0.214
	0.194
	0.114
	0.164
	0.223

	RCPL1-438
	0.112
	0.173
	0.152
	0.143
	0.143

	SAKURADHAN1
	0.141
	0.202
	0.123
	0.173
	0.173

	SAMBHA MAHURI
	0.150
	0.253
	0.214
	0.223
	0.223

	SHASARANG
	0.164
	0.206
	0.185
	0.176
	0.206

	SWARNA
	0.179
	0.194
	0.143
	0.164
	0.223

	UD-178
	0.135
	0.185
	0.164
	0.156
	0.185

	UD-183
	0.253
	0.244
	0.223
	0.273
	0.244

	UD216
	0.185
	0.114
	0.093
	0.085
	0.173

	VIVEKDHAN-154
	0.135
	0.147
	0.185
	0.176
	0.147




Supplementary Table S7. Percentage of variation explained by the first three principal coordinates (PCoA)
	PCoA axis
	1
	2
	3

	Percentage
	18.60
	14.04
	13.37

	Cumulative percentage
	18.60
	32.63
	46.00



















Supplementary Table S8. Genetic parameters of test crosses for agro-morphological traits, by CMS line
	CMS line
	Trait
	Mean
	Min
	Max
	SD
	CV (%)

	IR 68888A
	Panicle length (cm)
	25.23
	18.33
	28.33
	2.30
	9.10

	
	Number of effective tillers/plant
	6.90
	3.00
	14.33
	2.67
	38.72

	
	Panicle weight (g)
	3.81
	1.73
	6.07
	1.17
	30.75

	
	No. of filled grains/panicle
	119.08
	21.00
	197.33
	52.18
	43.82

	
	Spikelet fertility (%)
	57.68
	8.09
	91.64
	25.00
	43.35

	
	Yield per plant (g)
	10.59
	0.55
	35.93
	9.91
	93.59

	IR 58025A
	Panicle length (cm)
	25.04
	21.00
	28.67
	1.86
	7.43

	
	Number of effective tillers/plant
	6.90
	1.67
	12.00
	2.50
	36.29

	
	Panicle weight (g)
	4.87
	2.87
	7.07
	1.07
	21.94

	
	No. of filled grains/panicle
	176.86
	97.67
	266.33
	40.78
	23.06

	
	Spikelet fertility (%)
	64.82
	36.17
	82.99
	13.62
	21.01

	
	Yield per plant (g)
	12.79
	1.80
	30.20
	8.40
	65.69

	RTN 10A
	Panicle length (cm)
	25.27
	22.50
	28.33
	1.51
	5.99

	
	Number of effective tillers/plant
	6.85
	2.00
	11.00
	2.57
	37.52

	
	Panicle weight (g)
	4.82
	2.47
	6.67
	1.21
	25.02

	
	No. of filled grains/panicle
	178.49
	62.40
	251.67
	52.84
	29.61

	
	Spikelet fertility (%)
	64.78
	27.24
	85.69
	15.92
	24.58

	
	Yield per plant (g)
	14.34
	2.33
	30.73
	7.05
	49.19

	RTN 12A
	Panicle length (cm)
	26.68
	24.00
	41.00
	3.12
	11.69

	
	Number of effective tillers/plant
	6.04
	3.00
	11.33
	2.25
	37.14

	
	Panicle weight (g)
	5.91
	3.73
	7.27
	1.02
	17.32

	
	No. of filled grains/panicle
	207.42
	105.00
	288.00
	44.90
	21.65

	
	Spikelet fertility (%)
	67.27
	31.13
	88.07
	15.21
	22.61

	
	Yield per plant (g)
	15.67
	2.73
	28.80
	6.98
	44.54

	APMS 6A
	Panicle length (cm)
	25.49
	22.67
	27.67
	1.26
	4.93

	
	[bookmark: _GoBack]Number of effective tillers/plant
	6.90
	3.00
	12.00
	2.16
	31.35

	
	Panicle weight (g)
	5.64
	2.20
	8.53
	1.55
	27.51

	
	No. of filled grains/panicle
	200.98
	57.67
	321.00
	70.66
	35.16

	
	Spikelet fertility (%)
	67.06
	21.33
	88.48
	20.29
	30.25

	
	Yield per plant (g)
	16.27
	1.00
	33.80
	10.10
	62.04




Supplementary Table S9. Principal component analysis for agro-morphological traits in rice test crosses.
	Trait
	PC1
	PC2
	PC3
	PC4
	PC5
	Trait

	DFF
	-0.15
	0.72
	-0.35
	0.17
	0.19
	DFF

	PH
	0.12
	0.75
	0.28
	0.02
	-0.17
	PH

	PL
	0.37
	0.19
	0.64
	-0.21
	-0.45
	PL

	NET
	0.56
	-0.12
	0.49
	-0.15
	0.58
	NET

	PW
	0.81
	0.37
	-0.19
	0.01
	0.01
	PW

	NFGPP
	0.88
	0.24
	-0.21
	0.02
	-0.04
	NFGPP

	NCGPP
	-0.74
	0.43
	0.19
	-0.08
	0.24
	NCGPP

	SFP
	0.90
	-0.21
	-0.22
	0.06
	-0.21
	SFP

	YPP
	0.88
	0.03
	0.06
	-0.02
	0.32
	YPP

	TW
	0.07
	-0.09
	0.31
	0.94
	0.01
	TW

	Eigenvalue
	4.06
	1.57
	1.12
	0.99
	0.80
	Eigenvalue

	% variance
	40.60
	15.72
	11.16
	9.89
	7.96
	% variance

	Cumulative %
	40.60
	56.32
	67.48
	77.37
	85.33
	Cumulative %


DFF = days to fifty percent flowering; PH = plant height (cm); PL = panicle length (cm); NET = number of effective tillers per plant; PW = panicle weight (g); NFGPP = number of filled grains per panicle; NCGPP = number of chaffy grains per panicle; SFP = spikelet fertility percentage; YPP = yield per plant (g); TW = test weight (g).









Supplementary Table S10. Contribution (%) of lines, testers, and their interaction to total variance for seven agro-morphological traits.
	Source
	YPP
	NFGPP
	PW
	PL
	TW
	NET
	SFP

	Line
	43.971
	34.253
	30.882
	13.683
	17.786
	43.893
	45.379

	Tester
	6.133
	26.520
	26.994
	3.781
	3.948
	2.105
	2.965

	Line x Tester
	49.617
	39.354
	42.187
	83.002
	78.280
	55.096
	51.641


YPP = yield per plant; NFGPP = number of filled grains per panicle; PW = panicle weight; PL = panicle length; TW = test weight; NET = number of effective tillers per plant; SFP = spikelet fertility percentage.

