Table 1. Analysis of variance and estimates of genetic components for line x tester analysis of seven agro-morphological traits.
	Source / Parameter
	DF
	YPP
	NFGPP
	PW
	PL
	TW
	NET
	SFP

	Replication
	2
	9.44
	2401.6
	0.32
	2.00
	65.14***
	13.33*
	24.09

	Crosses
	164
	233.78***
	11581.5***
	6.08***
	23.84***
	1116.8***
	13.57***
	991.7***

	Lines
	32
	404.75***
	15619.9***
	7.39***
	15.40***
	782.10***
	29.41***
	1771.9***

	Testers
	4
	451.68***
	96749.6***
	51.69***
	35.61***
	1389.0***
	11.29*
	926.23***

	Lines x Testers
	128
	162.39***
	6380.9***
	3.59***
	25.62***
	1223.9***
	9.68***
	716.94***

	Error
	328
	55.35
	1963.8
	1.01
	2.88
	0.25
	4.13
	182.8

	σ²(gca)
	
	4.66
	873.75
	0.45
	-0.002
	-2.42
	0.18
	11.09

	σ²(sca)
	
	107.04
	4417.03
	2.57
	22.74
	1223.64
	5.55
	534.09

	σ²D
	
	9.32
	1747.50
	0.91
	-0.004
	-4.85
	0.37
	22.18

	σ²H
	
	35.68
	1472.34
	0.86
	7.58
	407.88
	1.85
	178.03

	σ²(gca)/σ²(sca)
	
	0.13
	0.59
	0.53
	0.000
	-0.006
	0.10
	0.06

	[σ²D/σ²H]¹ᵀ²
	
	0.51
	1.08
	1.02
	-
	-
	0.45
	0.35


YPP = yield per plant (g); NFGPP = number of filled grains per panicle; PW = panicle weight (g); PL = panicle length (cm); TW = test weight (g); NET = number of effective tillers per plant; SFP = spikelet fertility percentage. *p≤0.05, ***p≤0.001. σ²(gca) and σ²(sca) = variance due to general and specific combining ability; σ²D and σ²H = dominance and total genetic variance.
















Table 2. Group-wise summary of genetic variation statistics based on 30 standard GCP markers and 4 fertility-restorer gene-linked/based markers.
	Marker
	AFm
	Na
	Ne
	GD
	PIC
	I

	RM495
	0.500
	2
	2.000
	0.500
	0.375
	0.693

	RM237
	0.500
	2
	2.000
	0.500
	0.375
	0.693

	RM431
	0.947
	2
	1.111
	0.100
	0.095
	0.206

	RM489
	0.895
	2
	1.232
	0.188
	0.171
	0.337

	RM514
	0.658
	2
	1.819
	0.450
	0.349
	0.642

	RM507
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM408
	0.842
	2
	1.362
	0.266
	0.231
	0.436

	RM284
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM447
	0.658
	2
	1.819
	0.450
	0.349
	0.642

	RM316
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM215
	0.947
	2
	1.111
	0.100
	0.095
	0.206

	RM271
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM484
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM536
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM277
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM283
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM154
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM452
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM161
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM162
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM133
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM125
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM124
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM118
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM455
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	OsR13
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	RM413
	0.355
	3
	2.987
	0.665
	0.591
	1.096

	RM152
	0.566
	2
	1.966
	0.491
	0.371
	0.685

	RM44
	0.789
	2
	1.498
	0.332
	0.277
	0.515

	RM433
	1.000
	1
	1.000
	0.000
	0.000
	0.000

	DRRM-Rf3-5
	0.632
	3
	1.995
	0.499
	0.416
	0.809

	RM6100-RF4
	0.592
	2
	1.934
	0.483
	0.366
	0.676

	Mean
	0.863
	1.500
	1.326
	0.170
	0.137
	0.257


AFm = major allele frequency; Na = number of alleles per locus; Ne = number of effective alleles per locus; GD = gene diversity (Nei's 1973 expected heterozygosity); PIC = polymorphism information content; I = Shannon's information index.
Table 3. General combining ability (GCA) effects for various agro-morphological traits in potential rice restorer lines (lines) and CMS lines (testers).

	Line/Tester
	YPP
	NFGPP
	PW
	PL
	TW
	NET
	SFP

	Bhalum-3
	-1.38
	0.26
	0.10
	0.84
	39.18**
	-0.11
	-10.37

	Bhalum-4
	-11.04
	-86.84
	-1.42
	0.14
	-2.75
	-2.74
	-24.44

	Bhalum-5
	1.84
	38.79**
	0.64**
	1.52**
	-1.65
	-0.32
	5.42

	Bhalum-6
	-3.20
	-9.61
	-0.43
	-0.02
	-1.28
	-0.91
	-0.35

	CR Dhan-801
	4.09**
	47.96**
	0.54**
	-0.91
	-3.87
	-1.00
	20.41**

	CR Dhan-802
	-2.28
	41.63**
	0.00
	-0.14
	-4.37
	-0.11
	13.31**

	DRR Dhan-44
	1.37
	-13.07
	-0.34
	0.38
	0.21
	0.89
	1.83

	IRBN-15/19
	8.56**
	27.86**
	0.44
	0.64
	-1.28
	2.83**
	7.26**

	IRBN-43/19
	13.85**
	26.57**
	1.05**
	0.44
	-2.48
	2.63**
	13.15**

	IRG-222
	2.54
	30.71**
	0.92**
	0.73
	1.11
	0.23
	6.11

	IURON-8/19
	4.79**
	35.99**
	0.80**
	-1.29
	-2.08
	0.96
	17.86**

	Jora
	-5.58
	27.29**
	-0.83
	1.20**
	-2.88
	-1.00
	8.88**

	Kba Long
	-7.73
	-79.37
	-1.45
	0.31
	1.26
	-0.55
	-33.16

	Megha SA-2
	-6.19
	-43.79
	-0.94
	-0.22
	-1.28
	0.36
	-1.15

	MTU 1010
	8.19**
	15.16
	0.09
	0.56
	-2.91
	3.06**
	11.49**

	Pusa-44
	4.57**
	42.33**
	0.72**
	-0.36
	-2.08
	1.49**
	13.48**

	RCMR-40
	-8.29
	-57.10
	-1.03
	-1.05
	-1.55
	-1.93
	-22.16

	RCMR-44
	-4.66
	6.79
	-0.06
	-1.51
	-2.67
	-0.71
	-10.23

	RCMR-46
	-1.95
	-11.07
	0.06
	4.64**
	-3.15
	-0.77
	-11.30

	RCMR-47
	-4.08
	-10.54
	-0.40
	-1.69
	-0.88
	-1.73
	1.74

	RCMR-48
	-5.80
	7.65
	0.52**
	-0.57
	0.55
	-2.48
	-7.78

	RCPL 1-426
	4.37**
	42.93**
	1.32**
	0.11
	0.31
	0.29
	8.53**

	RCPL 1-431
	-3.53
	-44.99
	-0.61
	-0.05
	0.45
	0.17
	-14.23

	RCPL 1-437
	-6.43
	-48.49
	-0.14
	-1.02
	-3.15
	-2.22
	-17.14

	RCPL 1-438
	-5.41
	-50.71
	0.70**
	-1.14
	-0.88
	-1.55
	-7.21

	Sakur Dhan
	8.57**
	20.86
	0.70**
	0.64
	-1.28
	3.03**
	4.03

	Sambha Mahsuri
	-0.79
	-3.54
	-0.12
	0.71
	-1.28
	-0.91
	-7.01

	Shahsarang
	-8.53
	-61.44
	-1.44
	-1.15
	-6.86
	-0.34
	-20.42

	Swarna
	3.69**
	43.19**
	0.93**
	0.81
	-1.28
	0.48
	18.44**

	UD-178
	-4.09
	-16.32
	-1.52
	-0.78
	-0.88
	-2.02
	-2.54

	UD-183
	-0.29
	26.94**
	0.21
	-1.25
	-5.66
	-1.88
	8.57**

	UD 216
	-3.59
	-22.12
	-0.68
	-1.86
	-0.63
	-0.44
	-3.36

	Vivek Dhan-44
	-3.53
	-25.54
	-0.75
	0.10
	-0.88
	0.39
	-5.17

	APMS-6A
	2.74**
	28.71
	0.72**
	-0.21
	-1.55
	-0.13
	2.57

	IR-68888A
	-3.19
	-53.57
	-1.14
	-0.14
	-0.26
	0.12
	-5.18

	IR 58025A
	-0.81
	1.34
	-0.12
	-0.51
	-3.03
	-0.12
	0.66

	RTN 10A
	0.16
	4.28
	-0.14
	-0.16
	9.08**
	0.65**
	0.72

	RTN 12A
	1.45
	33.32
	0.94**
	1.29**
	-1.95
	-0.50
	2.58


YPP = yield per plant (g); NFGPP = number of filled grains per panicle; PW = panicle weight (g); PL = panicle length (cm); TW = test weight (g); NET = number of effective tillers per plant; SFP = spikelet fertility percentage. **p≤0.01.


Table 4. Specific combining ability (SCA) effects and commercial heterosis (%) over Shahsarang for yield per plant (YPP) in potential rice test crosses.
	Line
	AMPS-6A Mean
	SCA
	Het.%
	IR-68888A Mean
	SCA
	Het.%
	IR 58025A Mean
	SCA
	Het.%
	RTN 10A Mean
	SCA
	Het.%
	RTN 12A Mean
	SCA
	Het.%

	Bhalum-3
	22.13
	6.81
	58.10
	3.40
	-6.23
	-75.71
	7.20
	-4.65
	-48.57
	19.80
	6.41
	41.43
	11.47
	-3.25
	-18.10

	Bhalum-4
	2.73
	-2.71
	-80.48
	0.55
	0.80
	-96.07
	3.40
	1.43
	-75.71
	5.00
	1.49
	-64.29
	-
	-
	-

	Bhalum-5
	28.20
	10.27
	101.43
	6.90
	-5.33
	-50.71
	20.40
	5.94
	45.71
	10.13
	-5.86
	-27.62
	11.40
	-5.93
	-18.57

	Bhalum-6
	6.27
	-7.23
	-55.24
	5.47
	-2.33
	-60.95
	5.53
	-4.49
	-60.48
	22.40
	10.84
	60.00
	15.20
	2.31
	8.57

	CR Dhan-801
	32.87
	12.08
	134.76
	3.67
	-11.43
	-73.81
	-
	-
	-
	-
	-
	-
	-
	-
	-

	CR Dhan-802
	6.87
	-7.56
	-50.95
	16.93
	8.21
	20.95
	-
	-
	-
	-
	-
	-
	-
	-
	-

	DRR Dhan-44
	33.80
	15.56
	141.43
	5.00
	-7.54
	-64.29
	9.60
	-5.16
	-31.43
	12.07
	-4.24
	-13.81
	18.10
	0.47
	29.29

	IRBN-15/19
	31.67
	6.41
	126.19
	17.40
	-2.16
	24.29
	19.40
	-2.38
	38.57
	20.20
	-3.12
	44.29
	25.00
	0.35
	78.57

	IRBN-43/19
	32.60
	2.05
	132.86
	33.40
	8.55
	138.57
	30.20
	3.12
	115.71
	18.20
	-10.42
	30.00
	25.73
	-4.21
	83.81

	IRG-222
	19.13
	-0.11
	36.67
	6.67
	-6.88
	-52.38
	27.87
	12.10
	99.05
	-
	-
	-
	13.20
	-5.44
	-5.71

	IURON-8/19
	28.00
	6.52
	100.00
	19.13
	3.35
	36.67
	14.30
	-3.71
	2.14
	13.43
	-6.12
	-4.05
	19.93
	-0.95
	42.38

	Jora
	8.20
	-2.92
	-41.43
	9.00
	3.57
	-35.71
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Kba Long
	1.00
	-6.16
	-92.86
	8.27
	6.81
	-40.95
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Megha SA-2
	10.87
	0.36
	-22.38
	11.07
	6.25
	-20.95
	10.60
	3.56
	-24.29
	3.47
	-5.11
	-75.24
	3.93
	-5.97
	-71.90

	MTU 1010
	25.00
	1.06
	78.57
	34.80
	16.56
	148.57
	11.00
	-9.47
	-21.43
	14.87
	-7.14
	6.19
	-
	-
	-

	Pusa-44
	26.33
	5.06
	88.10
	14.00
	-1.57
	0.00
	21.87
	4.07
	56.19
	15.73
	-3.60
	12.38
	15.80
	-4.87
	12.86

	RCMR-40
	7.67
	-0.75
	-45.24
	1.60
	-1.12
	-88.57
	8.40
	3.46
	-40.00
	-
	-
	-
	-
	-
	-

	RCMR-44
	10.27
	-0.62
	-26.67
	2.60
	-2.59
	-81.43
	8.27
	0.85
	-40.95
	12.33
	3.38
	-11.90
	-
	-
	-

	RCMR-46
	15.60
	2.59
	11.43
	4.40
	-2.92
	-68.57
	11.47
	1.93
	-18.10
	-
	-
	-
	-
	-
	-

	RCMR-47
	14.80
	2.18
	5.71
	5.40
	-1.53
	-61.43
	-
	-
	-
	-
	-
	-
	-
	-
	-

	RCMR-48
	14.47
	4.90
	3.33
	4.27
	0.40
	-69.52
	2.40
	-3.70
	-82.86
	-
	-
	-
	-
	-
	-

	RCPL 1-426
	18.80
	-2.27
	34.29
	27.73
	12.36
	98.10
	8.93
	-8.66
	-36.19
	17.53
	-1.60
	25.24
	19.73
	-0.73
	40.95

	RCPL 1-431
	15.73
	2.57
	12.38
	2.07
	-5.40
	-85.24
	-
	-
	-
	-
	-
	-
	14.13
	1.57
	0.95

	RCPL 1-437
	5.00
	-6.39
	-64.29
	12.80
	7.11
	-8.57
	8.80
	0.88
	-37.14
	-
	-
	-
	-
	-
	-100.00

	RCPL 1-438
	2.40
	-8.89
	-82.86
	15.13
	9.54
	8.10
	-
	-
	-
	-
	-
	-
	-
	-
	-100.00

	Sakur Dhan
	10.80
	-14.47
	-22.86
	35.93
	16.36
	156.67
	29.53
	7.74
	110.95
	8.67
	-14.67
	-38.10
	28.80
	4.13
	105.71

	Sambha Mahsuri
	19.47
	4.31
	39.05
	3.80
	-5.66
	-72.86
	2.10
	-9.58
	-85.00
	30.73
	17.51
	119.52
	7.07
	-7.49
	-49.52

	Shahsarang
	1.00
	-6.55
	-92.86
	1.20
	-0.65
	-91.43
	6.60
	2.52
	-52.86
	13.60
	7.98
	-2.86
	2.73
	-4.21
	-80.48

	Swarna
	20.80
	0.41
	48.57
	10.33
	-4.36
	-26.19
	23.80
	6.88
	70.00
	17.60
	-0.86
	25.71
	16.80
	-2.99
	20.00

	UD-178
	12.47
	-0.15
	-10.95
	1.60
	-5.32
	-88.57
	-
	-
	-
	-
	-
	-
	16.20
	4.19
	15.71

	UD-183
	23.87
	8.32
	70.48
	5.20
	-4.65
	-62.86
	10.00
	-2.07
	-28.57
	-
	-
	-
	-
	-
	-

	UD 216
	5.20
	-7.91
	-62.86
	13.60
	6.19
	-2.86
	6.73
	-2.90
	-51.90
	-
	-
	-
	16.80
	4.30
	20.00

	Vivek Dhan-44
	23.00
	9.83
	64.29
	5.67
	-1.81
	-59.52
	11.60
	1.90
	-17.14
	2.33
	-8.91
	-83.33
	-
	-
	-


Het.% = commercial heterosis (%) over the check variety Shahsarang. '-' indicates the corresponding cross was not successfully evaluated (complete or near-complete sterility).





















Table 5. Analysis of molecular variance (AMOVA) of potential rice restorer and CMS lines.

	Source of variation
	DF
	Sum of squares
	Variance component
	% variation

	Among populations
	7
	[bookmark: _GoBack]49.56
	0.26
	8.84

	Among individuals within population
	30
	139.83
	1.93
	64.74

	Within individuals
	38
	30.00
	0.78
	26.40

	Total
	75
	219.39
	2.99
	-



