Supplementary 1. List of F1 hybrids developed using 4 petaloid CMS lines and 15 inbreds as testers.
	Parents of the hybrid
	Name of the hybrid
	Parents of the hybrid
	Name of the hybrid

	DCat-7 x DCat-3
	DCatH 73
	DCat-91 x DCat- 3
	DCatH 913

	DCat-7 x DCat-4
	DCatH 74
	DCat-91 x DCat- 4
	DCatH 914

	DCat-7 x DCat-34
	DCatH 734
	DCat-91 x DCat- 34
	DCatH 9134

	DCat-7 x DCat-39
	DCatH 739
	DCat-91 x DCat-39
	DCatH 9139

	DCat-7 x DCat-54
	DCatH 754
	DCat-91 x DCat- 54
	DCatH 9154

	DCat-7 x DCat-76
	DCatH 776
	DCat-91 x DCat- 76
	DCatH 9176

	DCat-7 x DCat- 92
	DCatH 792
	DCat-91 x DCat- 92
	DCatH 9192

	DCat-7 x DCat-96
	DCatH 796
	DCat-91 x DCat- 96
	DCatH 9196

	DCat-7 x DCat-100
	DCatH 700
	DCat-91 x DCat-100
	DCatH 9100

	DCat-7 x DCat-116
	DCatH 7116
	DCat-91 x DCat- 116
	DCatH 91116

	DCat-7 x DCat-122
	DCatH 7122
	DCat-91 x DCat- 122
	DCatH 9122

	DCat-7 x DCat-124
	DCatH 7124
	DCat-91 x DCat- 124
	DCatH 9124

	DCat-7 x DCat-126
	DCatH 7126
	DCat-91 x DCat- 126
	DCatH 9126

	DCat-7 x DCat-131
	DCatH 7131
	DCat-91 x DCat- 131
	DCatH 9131

	DCat-7 x Pusa Meghali
	DCatH 7M
	DCat-91 x Pusa Meghali
	DCatH 91M

	DCat-53 x DCat-3
	DCatH 533
	DCat-98 x DCat- 3
	DCatH 983

	DCat-53 x DCat-4
	DCatH 534
	DCat-98 x DCat- 4
	DCatH 984

	DCat-53 x DCat-34
	DCatH 5334
	DCat-98 x DCat- 34
	DCatH 9834

	DCat-53 x DCat-39
	DCatH 5339
	DCat-98 x DCat- 39
	DCatH 9839

	DCat-53 x DCat-54
	DCatH 5354
	DCat-98 x DCat- 54
	DCatH 9854

	DCat-53 x DCat-76
	DCatH 5376
	DCat-98 x DCat- 76
	DCatH 9876

	DCat-53 x DCat-92
	DCatH 5392
	DCat-98 x DCat- 92
	DCatH 9892

	DCat-53 x DCat-96
	DCatH 5396
	DCat-98 x DCat- 96
	DCatH 9896

	DCat-53 x DCat-100
	DCatH 5300
	DCat-98 x DCat- 100
	DCatH 9800

	DCat-53 x DCat-116
	DCatH 53116
	DCat-98 x DCat- 116
	DCatH 98116

	DCat-53 x DCat-122
	DCatH 5322
	DCat-98 x DCat-122
	DCatH 9822

	DCat-53 x DCat-124
	DCatH 5324
	DCat-98 x DCat-124
	DCatH 9824

	DCat-53 x DCat-126
	DCatH 5326
	DCat-98 x DCat- 126
	DCatH 9826

	DCat-53 x DCat-131
	DCatH 5331
	DCat-98 x DCat- 131
	DCatH 9831

	DCat-53 x Pusa Meghali
	DCatH 53M
	DCat-98 x Pusa Meghali
	DCatH 98M


Supplementary 2. List of SSR markers with forward primer, reverse primer and annealing temperature.
	SSR
	Forward primer (5'-3')
	Reverse primer (5'-3')
	Optimal annealing temp. (°C)

	BSSR 1
	TTCTTGGTCTGTTGATGTCAGTGTAG
	TGGATATAGAAGCCATCAGACTTGAG
	56

	BSSR 5
	ACGACCGTAAAATTCCAAGTATGT
	TACACCCCTTGACTTTATTGAGGT
	54

	BSSR 15
	TGTAATCGACTTATTATCGTCTTTTG
	AAGGATGATGTAGAGGTGAATGAT
	50

	BSSR 30
	ATGCTGGACTAGCTGAAGCATGCA
	AGCAGCGAGCAATTTATGAATAAGAG
	57

	BSSR 33
	TATGATCCCAAGTCACTGTATCTTT
	GCCATCTATCTACTTCATCTCAAAA
	53

	BSSR 39
	ACACAACGTTACAGAATTGATGTTCA
	CCGGTTCACTTGGTGAATGTATTTAT
	54

	BSSR 43
	CTTCTGATGCAAGTAACAACCCTAGT
	AGTAATAGCTGGGCAAATGCTACAA
	56

	BSSR 53
	GCTTTAGAACTTCTTCTAGTCGTCCA
	CTCATGAGCTCACTTCATCTAACTCC
	54

	BSSR 65
	GGAAAAATTGCACCAGTAGTTGAAGCT
	CGGTCTGTTTAAGGTGACAAAACTTG
	57

	BSSR 70
	AAATAGGGGTGTGTTAGGTCCAGATA
	CCCTGTCGAATTTATTCTACGAACTT
	56

	BSSR 80
	TCTTTATATCGTCCTAGGCCTTCA
	TTGGAGGCTTATTATCACAAATTC
	54

	BSSR 105
	AGTAGGGGTGAGCATTCGGTTC
	CAGGAGCTTCAAATCAGGTTTTAATTTT
	57

	BSSR 125
	GTTACTCCAGCCTCCAGAAAACTATC
	AGTGAAGAAAGAAGAATCACATTGCT
	56

	BSSR 141
	GTCTTCCCCTGTTCAACAAACAGT
	AGCTACTTGTAGTTTTGCGTACATCA
	57

	BSSR 146
	GAGGTCCTTGCATAATTCATTGTT
	GTACTTGTCTTCAGTGTGCGTTAAAA
	53

	GSSR 20
	CATAGCGTTAGAGAGAGAGAAAG
	AACTCCCCAACTCAAACTGC
	54

	GSSR 30
	AAGGATTAACACGATGGGAG
	TGGCTCCCACTACTGCTAAT
	56

	GSSR 35
	AATTCACAATCACCGACTCTCC
	ACGTCAAAGCTCCTGTTCATTT
	55

	GSSR 45
	GTCCAACTATCCACTTCTTGGC
	GCTATGTAAAATCTCCCACTACCTCT
	56

	GSSR 51
	ACAGAGAGATAGGGATAGAG
	GTTTGGACTCCACTTGCTC
	54

	GSSR 60
	CACGAGTCATTTGATTGATTGAT
	TGAATACATTGTTTTGCCGC
	54

	GSSR 65
	ACTGCAAAACAGAAACCCAGA
	TAGGTCATGGCGATTGATGTAG
	57

	GSSR 75
	CATGCCGATAGACTTTTCATCA
	ACGTTACATTGGTCTTCACTAAG
	54

	GSSR 84
	GATTTGGGAAAGAAAGGAACG
	AAGTTGCATCACCTCACCATC
	58

	GSSR 91
	ATTCACCTTCAGTGCCTCCTAA
	GAATTGTGTGTGGTGCCTTCTA
	55

	GSSR 96
	AGCGTCGTTTTCGCGAGT
	CGCGGTTAAAGCAAAGCTAAT
	55

	GSSR 101
	TGGGGTGGTTTTGTCGTATT
	GGTTCTCCTCTCTATCTC
	54

	GSSR 109
	GGTGAAACCTTGATGGGTAAAA
	AATAGCTTGCTCCAGAATCGAC
	55

	GSSR 125
	GCGTCTCCGTAGTTGTATGTGT
	AATCGCTTCGGGAAAAGTC
	55

	GSSR 130
	CATTTAGGTCGTCCAGGGTTAG
	TGACATCTTCTGAGTGTTGCTTG
	54

	GSSR 135
	CAGATACGACAACAAACTCGTCA
	TTGATATTCTCTCAATTCCATATTCC
	55

	GSSR 140
	GGATACGAAGGAAAGACTCCAC
	AGGAGAGTAAAAGATTGAGGACTTG
	56

	GSSR 151
	TGCATGGTCTTCTTAGCCAAT
	CTAGCAACTTACACCACCACCA
	56

	GSSR 155
	ACGTACGTACGTATGTATGTATG
	TGCAATTAGCAAGTCCACAAC
	55


Supplementary 3. Analysis of variance (ANOVA) for combining ability for vegetative and economic traits.

	Vegetative traits
	Economic traits

	Source 
	d.f
	Plant biomass
	Leaf length
	Leaf number per plant
	Shoot weight
	Root maturity
	Root length
	Root diameter 
	Root weight
	Core diameter
	Harvest index
	Root yield 

	Blocks
	2
	38.40
	106.07
	0.52
	122.78
	6.80
	5.41
	0.11
	56.12
	2.72
	30.67
	2.72

	
	
	(0.16)
	(7.96)
	(1.08)
	(3.53)
	(2.94)
	(2.77)
	(2.20)
	(0.38)
	(5.04)
	(4.58)
	(0.38)

	Due to Testers
	14
	520.97**
	113.37
	1.17
	52.64
	26.31
	7.42
	0.20**
	344.48
	1.86
	9.60
	16.67

	
	
	(2.19)
	(8.50)
	(2.44)
	(1.51)
	(11.39)
	(3.81)
	(4.00)
	(2.32)
	(3.44)
	(1.43)
	(2.32)

	Due to Lines
	3
	683.70
	44.44
	2.52**
	470.51**
	92.01
	47.13**
	0.44**
	387.92
	40.28**
	129.81
	18.78

	
	
	(2.87)
	(3.33)
	(5.25)
	(13.54)
	(39.83)
	(24.17)
	(8.80)
	(2.61)
	(74.59)
	(19.37)
	(2.61)

	Line x Tester
	42
	410.39**
	58.52**
	0.74**
	147.69**
	22.30**
	7.99**
	0.10**
	369.56**
	5.11**
	46.33**
	17.89**

	
	
	(1.72)
	(4.39)
	(1.54)
	(4.25)
	(9.65)
	(4.10)
	(2.00)
	(2.48)
	(9.46)
	(6.91)
	(2.48)

	Error
	156
	238.18
	13.33
	0.48
	34.75
	2.31
	1.95
	0.05
	148.75
	0.54
	6.70
	7.20

	
	
	
	
	
	
	
	
	
	
	
	
	


** Significant at 1% probability through F test

Values in the parentheses are the ratio of MSS (calculated F values)
Supplementary 4. SCA effects of hybrids for different vegetative and economic traits. 
	
	Vegetative traits
	Economic traits

	      Traits

Hybrids
	Plant biomass
	Leaf length
	Leaf number per plant
	Shoot weight
	Root maturity
	Root length
	Root diameter
	Root weight
	Core diameter
	Harvest index
	Root yield

	DCatH 73
	-2.67*
	8.44*
	0.15**
	-1.36
	-1.24**
	2.13**
	0.32**
	-1.31
	-0.99**
	0.53
	-0.29

	DCatH 74
	8.17**
	3.82*
	0.51**
	1.56*
	-1.91**
	0.55**
	0.17**
	6.61**
	-0.26
	-0.03
	1.45**

	DCatH 734
	-8.92**
	2.70*
	-0.11*
	-5.53**
	0.42
	0.10
	0.10**
	-3.39**
	-1.17**
	2.17**
	-0.75**

	DCatH 739
	-15.58**
	5.55*
	-0.30**
	-4.28**
	1.17**
	2.52**
	-0.13**
	-11.31**
	-2.58**
	0.46
	-2.49**

	DCatH 754
	5.67**
	-7.73**
	0.89**
	4.06**
	-1.33**
	-1.28**
	-0.29**
	1.61
	0.87**
	-1.59**
	0.35

	DCatH 776
	7.33**
	-8.30**
	0.23**
	7.39**
	-1.49**
	-0.92**
	0.06**
	-0.06
	0.64**
	-3.36**
	-0.01

	DCatH 792
	1.92
	-2.07**
	-0.32**
	5.72**
	3.01**
	-0.34*
	0.18**
	-3.81**
	-0.36*
	-3.20**
	-0.84**

	DCatH 796
	-0.17
	2.28*
	0.14**
	-2.61**
	0.76*
	1.41**
	0.06**
	2.44*
	0.31*
	1.19**
	0.54*

	DCatH 700
	-9.75**
	-0.73
	-0.52**
	-5.53**
	0.34
	-0.29*
	-0.11**
	-4.22**
	0.44**
	1.99**
	-0.93**

	DCatH 7116
	-12.67**
	-4.28**
	-0.68**
	-7.19**
	1.92**
	-0.35*
	-0.17**
	-5.47**
	-0.17
	2.70**
	-1.20**

	DCatH 7122
	0.67
	-1.03*
	-0.30**
	-2.61**
	1.17**
	-0.16
	-0.12**
	3.28**
	0.06
	1.96**
	0.72**

	DCatH 7124
	16.50**
	-3.75**
	-0.31**
	3.64**
	-0.58
	0.96**
	0.09**
	12.86**
	1.38**
	0.32
	2.83**

	DCatH 7126
	6.50**
	5.68*
	-0.11*
	10.31**
	-0.99**
	-1.30**
	-0.09**
	-3.81**
	2.05**
	-5.20**
	-0.84**

	DCatH 7131
	1.08
	-3.55**
	0.65**
	-0.11
	-0.08
	-1.57**
	-0.09**
	1.19
	-0.07
	0.07
	0.26

	DCatH 7M
	1.92
	2.97*
	0.06
	-3.44**
	-1.16**
	-1.44**
	0.03
	5.36**
	-0.14
	2.00**
	1.18**

	DCatH 533
	2.11
	-5.85**
	0.07
	-6.25**
	4.47**
	1.00**
	-0.21**
	8.36**
	-1.09**
	4.21**
	1.84**

	DCatH 534
	-20.39**
	-1.86**
	-0.34**
	-5.00**
	7.13**
	3.09**
	-0.20**
	-15.39**
	-1.25**
	0.94*
	-3.39**

	DCatH 5334
	-4.14**
	-4.16**
	-0.22**
	-7.08**
	0.13
	0.47**
	-0.02
	2.94*
	-0.74**
	3.92**
	0.65*

	DCatH 5339
	10.86**
	-2.41**
	0.29**
	0.83
	3.88**
	-0.28*
	0.17**
	10.03**
	-0.41**
	1.56**
	2.21**

	DCatH 5354
	-11.22**
	4.88*
	-0.69**
	-0.83
	-1.28**
	-0.24*
	-0.07**
	-10.39**
	-0.38**
	-0.99**
	-2.29**

	DCatH 5376
	-12.89**
	2.21*
	-0.02
	-2.50**
	0.22
	0.16
	-0.13**
	-10.39**
	0.71**
	-0.18
	-2.29**

	DCatH 5392
	10.03**
	1.74*
	0.84**
	-5.83**
	-0.28
	0.16
	0.02
	15.86**
	1.22**
	4.65**
	3.49**

	DCatH 5396
	12.94**
	2.33*
	0.46**
	7.50**
	-2.20**
	-0.69**
	0.33**
	5.44**
	0.71**
	-2.37**
	1.20**

	DCatH 5300
	5.03**
	2.24*
	-0.07
	-7.08**
	-0.62*
	0.11
	0.02
	12.11**
	0.49**
	4.74**
	2.66**

	DCatH 53116
	8.78**
	6.10*
	0.73**
	-2.08**
	-0.03
	0.29*
	0.13**
	10.86**
	0.45**
	2.23**
	2.39**

	DCatH 5322
	-7.89**
	2.43*
	0.05
	15.83**
	-0.78*
	-1.36**
	-0.04*
	-23.72**
	-1.17**
	-10.80**
	-5.22**

	DCatH 5324
	-25.39**
	2.43*
	-0.49**
	3.75**
	0.47
	-2.74**
	-0.10**
	-29.14**
	-0.20
	-7.15**
	-6.41**

	DCatH 5326
	16.28**
	-4.86**
	-0.22**
	-4.58**
	-2.62**
	0.00
	0.12**
	20.86**
	-0.46**
	4.36**
	4.59**

	DCatH 5331
	5.86**
	-1.21*
	-0.46**
	6.67**
	-5.03**
	0.91**
	0.15**
	-0.81
	0.77**
	-2.85**
	-0.18

	DCatH 53M
	10.03**
	-4.02**
	0.08
	6.67**
	-3.45**
	-0.90**
	-0.17**
	3.36**
	1.35**
	-2.27**
	0.74**

	DCatH 913
	-10.00**
	-3.26**
	-0.42**
	1.08
	-3.56**
	-3.90**
	-0.36**
	-11.08**
	2.29**
	-2.10**
	-2.44**

	DCatH 914
	14.17**
	-3.77**
	0.17**
	2.33**
	-4.56**
	-2.94**
	0.19**
	11.83**
	2.63**
	0.17
	2.60**

	DCatH 9134
	5.42**
	-1.66**
	-0.11*
	5.25**
	-2.56**
	-1.03**
	-0.21**
	0.17
	2.21**
	-2.45**
	0.04

	DCatH 9139
	5.42**
	-7.75**
	-0.20**
	1.50
	-4.81**
	-1.81**
	0.03
	3.92**
	2.96**
	-0.52
	0.86**

	DCatH 9154
	-5.00**
	1.24**
	-0.44**
	-5.17**
	1.69**
	-0.30*
	0.11**
	0.17
	-0.23
	2.33**
	0.04

	DCatH 9176
	-10.00**
	5.20*
	-0.61**
	-10.17**
	1.86**
	-1.14**
	0.10**
	0.17
	-1.07**
	4.79**
	0.04

	DCatH 9192
	-7.08**
	-0.23
	-0.28**
	1.50
	-2.31**
	2.20**
	0.11**
	-8.58**
	-0.92**
	-1.61**
	-1.89**

	DCatH 9196
	-5.83**
	-2.65**
	-0.36**
	3.17**
	0.44
	0.02
	-0.25**
	-9.00**
	-1.16**
	-2.68**
	-1.98**

	DCatH 9100
	6.25**
	1.84*
	0.91**
	11.92**
	0.69*
	0.88**
	0.18**
	-5.67**
	-0.52**
	-5.87**
	-1.25**

	DCatH 91116
	6.67**
	-0.04
	0.49**
	11.92**
	-0.72*
	1.62**
	-0.01
	-5.25**
	-0.09
	-5.96**
	-1.16**

	DCatH 9122
	16.67**
	1.01**
	0.37**
	-6.83**
	0.86**
	0.65**
	0.13**
	23.50**
	0.00
	5.54**
	5.17**

	DCatH 9124
	-2.50
	-1.25*
	0.46**
	-12.25**
	2.78**
	1.87**
	-0.01
	9.75**
	-2.25**
	7.83**
	2.15**

	DCatH 9126
	-0.83
	0.75
	0.79**
	2.75**
	3.03**
	1.38**
	0.09**
	-3.58**
	-1.75**
	-1.84**
	-0.79**

	DCatH 9131
	-4.58**
	5.12*
	-0.52**
	-4.33**
	4.94**
	1.54**
	-0.13**
	-0.25
	-1.05**
	1.81**
	-0.06

	DCatH 91M
	-8.75**
	5.44*
	-0.24**
	-2.67**
	2.19**
	0.97**
	0.05**
	-6.08**
	-1.04**
	0.56
	-1.34**

	DCatH 983
	10.56**
	0.66
	0.20**
	6.53**
	0.33
	0.77**
	0.25**
	4.03**
	-0.21
	-2.64**
	0.89**

	DCatH 984
	-1.94
	1.81*
	-0.35**
	1.11
	-0.67*
	-0.70**
	-0.16**
	-3.06*
	-1.12**
	-1.08**
	-0.67*

	DCatH 9834
	7.64**
	3.12*
	0.44**
	7.36**
	2.00**
	0.45**
	0.13**
	0.28
	-0.30*
	-3.64**
	0.06

	DCatH 9839
	-0.69
	4.60*
	0.21**
	1.94*
	-0.25
	-0.43**
	-0.07**
	-2.64*
	0.04
	-1.51**
	-0.58*

	DCatH 9854
	10.56**
	1.62*
	0.24**
	1.94*
	0.92**
	1.81**
	0.24**
	8.61**
	-0.25
	0.25
	1.89**

	DCatH 9876
	15.56**
	0.89
	0.40**
	5.28**
	-0.58
	1.90**
	-0.03
	10.28**
	-0.28*
	-1.25**
	2.26**

	DCatH 9892
	-4.86**
	0.55
	-0.24**
	-1.39
	-0.42
	-2.02**
	-0.31**
	-3.47**
	0.06
	0.16
	-0.76**

	DCatH 9896
	-6.94**
	-1.96**
	-0.25**
	-8.06**
	1.00**
	-0.74**
	-0.13**
	1.11
	0.14
	3.86**
	0.24

	DCatH 9800
	-1.53
	-3.35**
	-0.31**
	0.69
	-0.42
	-0.70**
	-0.09**
	-2.22
	-0.41**
	-0.86**
	-0.49

	DCatH 98116
	-2.78*
	-1.79**
	-0.54**
	-2.64**
	-1.17**
	-1.56**
	0.05**
	-0.14
	-0.19
	1.03*
	-0.03

	DCatH 9822
	-9.44**
	-2.41**
	-0.12*
	-6.39**
	-1.25**
	0.87**
	0.03
	-3.06*
	1.11**
	3.30**
	-0.67*

	DCatH 9824
	11.39**
	2.57*
	0.34**
	4.86**
	-2.67**
	-0.09
	0.03
	6.53**
	1.07**
	-0.99**
	1.44**

	DCatH 9826
	-21.94**
	-1.57**
	-0.46**
	-8.47**
	0.58
	-0.08
	-0.11**
	-13.47**
	0.16
	2.68**
	-2.96**

	DCatH 9831
	-2.36
	-0.36
	0.33**
	-2.22**
	0.17
	-0.88**
	0.08**
	-0.14
	0.36*
	0.97*
	-0.03

	DCatH 98M
	-3.19*
	-4.38**
	0.10
	-0.56
	2.42**
	1.38**
	0.09**
	-2.64*
	-0.17
	-0.29
	-0.58*

	SE
	1.27
	0.48
	0.05
	0.76
	0.30
	0.18
	0.02
	1.21
	0.14
	0.43
	0.27

	CD 5%
	2.55
	0.96
	0.11
	1.53
	0.59
	0.36
	0.04
	2.42
	0.28
	0.86
	0.53

	CD1%
	3.39
	1.28
	0.14
	2.03
	0.79
	0.47
	0.05
	3.22
	0.38
	1.14
	0.71


SE – Standard error; CD - Critical difference; *, ** Significant at 5% and 1% probability, respectively

