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Supplementary Fig. 1 PCR analysis of putative AcCENH3-RNAi transgenic plants (T0) to confirm the presence of A. sense strand (793bp), B. Antisense strand (888bp), C. hptII gene (686bp) sequences
(Lane 1: 1 kb ladder, 2: AcCENH3-RNAi plasmid, 3: Bhima Super (WT), 4 to 8: 5 independent transgenic events). The expected amplicon size (bp) is marked as a blue arrow. To amplify sense and antisense strand of AcCENH3, PDK intron from silencing construct was included, and to avoid amplification from native AcCENH3.
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Supplementary Fig. 2 Representative image of TAIL PCR of T0 AcCENH3-RNAi knockdown lines. 
TAIL-PCR carried out with three sets of nested primers located on left border (LB) or right border (RB)  of T-DNA sequence and arbitrary primers;  Lane 1- 1 kb plus ladder; Lane 2, 5, 8, 11, 14, 17- shows primary PCR product with left border specific (LBS) and 6 different degenerate primers; 3, 6, 9, 12, 15, 18- shows secondary PCR product with LBS and 6 different degenerate primers; 4, 7, 10, 13, 16, 19- shows tertiary PCR product with LBS and 6 different degenerate primers; 20, 23, 26, 29, 32, 35- shows primary PCR product with right border specific (RBS) and 6 different degenerate primers; 21, 24, 27, 30, 33, 36- shows secondary PCR product with RBS and 6 different degenerate primers; 22, 25, 28, 31, 34, 37- shows tertiary PCR product with RBS and 6 different degenerate primers. Yellow marked PCR products had shown expected size difference-based distance between the three nested primers located on RB or LB of T-DNA sequence.
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Supplementary Fig. 3 Information on stage-wise AcCENH3-RNAi knockdown lines. 
Onion is a biennial crop. The crop undergoes bulbing in the first season and bulbs are replanted to induce flowering and seed set in the next season. Transgenic plantlets from tissue culture were hardened in pots to produce bulbs and bulbs are harvested and replanted to produce seeds. The schematic figure represents fate of transgenic events developed in the study. X-indicates crop progress in the designated event was stopped in earlier stage and not included in the current experiment. 
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Supplementary Fig. 4A Representative image of segregation analysis of AcCENH3-RNAi transgene in AcCENH3-RNAi knockdown lines using transgene-specific primer set.
Antisense strand-specific primer set was used to confirm the presence of AcCENH3-RNAi cassette in F1 plants of AcCENH3-RNAi knockdown lines. 
[Lane 1: 1 kb plus ladder, P: AcCENH3-RNAi plasmid, N: Bhima Super DNA (WT), 1 to 47: F1 plants of AcCENH3-RNAi event #1]. The amplicon of size 888bp shown with blue arrow. 
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Supplementary Fig. 4B Representative image of segregation analysis of AcCENH3-RNAi transgene in AcCENH3-RNAi knockdown lines using event specific primer set.
A PCR was performed using T-DNA specific primers and site of insertion specific primer to identify homozygous and heterozygous lines of AcCENH3-RNAi knockdown lines. 
[Lane 1 & 42: 1 kb ladder, 2 & 41: Bhima Super (WT), 3 to 40: T1 plants of RNAi event #2]. A single amplicon of size 532 bp (lane 2) and 371 bp (lane 24) indicate azygous and homozygous, respectively, while two amplicons of size 532 and 371 bp represent heterozygous for transgene locus.















Supplementary Fig. 5A Relative AcCENH3 transcript abundance in the AcCENH3-RNAi knockdown transgenics.
Total RNA was extracted from leaves of Bhima Super (WT) and T1 plants (T0 plant of event #3) expressing AcCENH3-RNAi construct. qRT-PCR was carried out to estimate relative abundance of AcCENH3 and AcUbiquitin was used as an internal control. The relative transcript abundance was assessed using 2-ΔΔCt method. The relative abundance was expressed as fold change over control (WT). The onion cultivar Bhima Super was used as control. Data is represented as mean ± SE.  The data was analyzed using completely randomized design (CRD, n=14, p=0.000).



Supplementary Fig. 5B Relative AcCENH3 protein abundance in the AcCENH3-RNAi knockdown lines.
Total protein was isolated from leaves of WT and T1 transgenic lines (T0 plant of event #3) and equal quantity of protein (100 µg) from each sample was used for ELISA using rabbit-AcCENH3 specific antibody. Relative expression was calculated as percentage over WT. Data is represented as mean ± SE. The data was analyzed using CRD (n=42, p=0.000).
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Supplementary Fig. 6 Western blot analysis of AcCENH3-RNAi knockdown lines with AcCENH3 antibody.
Total protein was isolated from leaves of Bhima Super (WT) and T1 transgenic plants (T0 plant of event #3), and equal quantity of protein (1 mg) from each sample was used for western blot analysis using rabbit AcCENH3-specific antibody. The blot showed a single band of 17.3 kDa, indicating specific reaction of AcCENH3 antibody. 
A. L: Prestained protein ladder, 1: purified AcCENH3 (E. coli expressed), 2 to 3: WT control plants, 4 to 6: RNAi event #1 plants, 7 to 9:  RNAi event #2 plants. 
B. L: Prestained protein ladder, 10: purified AcCENH3 (E. coli expressed), 11 to 13: WT control plants, 13 to 15: RNAi event #3 plants, 15 to 18: RNAi event #5 plants. 




 
Supplementary Fig. 7 Seed set efficiency upon selfing of the T1 population of AcCENH3-RNAi knockdown lines.
The umbels of T1 plants of event #1, #2, #5 and Bhima Super (WT) were covered with bags and allowed to self. The number of seeds per umbel were recorded in triplicate and expressed as relative seed set over control (WT). Data is represented as mean ± SE.  The data was analyzed using CRD (n=16, p=0.000).



Supplementary Fig. 8 Linear regression analysis of AcCENH3-RNAi transgenic lines.
A regression analysis was carried out between the relative seed set efficiency of selfed WT and T1 plants (T0 in case of E#3) and the levels of AcCENH3 protein (OD values @ 405nm in ELISA). The linear regression analysis revealed a strong direct relationship between AcCENH3 protein level and relative seed set efficiency, with a calculated R2 value of 0.901 and correlation R value of 0.9492 (n=14, p=0.000).








Supplementary Fig. 9 Seed set efficiency upon outcrossing of the T1 population of AcCENH3-RNAi transgenic lines.
Reciprocal crosses were made with T1 AcCENH3-RNAi knockdown lines and wild-type and relative seed set efficiency was calculated as percentage over the number of seeds obtained from control crosses (WT X WT). Data is represented as mean ± SE.  The data was analyzed using CRD (n=24; p=0.000).






Supplementary Fig. 10 Comparative analysis of stomatal aperture size in diploid and haploid plants. 
Stomatal size was measured in length and width in diploid (Bhima Super) and haploid Plants. Haploid plants showed reduction in size. Data is represented as mean ± SE.  The data was analyzed using CRD (n=12, p=0.000).



Supplementary Table 1 List of primers used in the study 
	Primer Name
	Primer sequences (5'-3')
	Amplicon size and region
	PCR conditions

	Primers used for cloning transgenic confirmation

	AcCenh3 F
	GACGAAGCTGGTCCTTCAAC
	397 bp of AcCenH3 sense strand sequence
	1 cycle of 94 °C for 5 min; 35 cycles of 94 °C for 45 sec, 55 °C for 45 sec, 72 °C for 30 sec, and 1 cycle of 72 °C for 10 min

	AcCenh3 R
	TAGCACCACCAATCCTCCTC
	
	

	Sense F
	CCGCTCGAGCCATGGGACGAAGCTGGTCCTTCAAC
	397 bp of AcCenH3 sense strand sequence
	1 cycle of 94 °C for 5 min; 35 cycles of 94 °C for 45 sec, 55 °C for 45 sec, 72 °C for 30 sec, and 1 cycle of 72 °C for 10 min

	Sense R
	CGGGGTACCTAGCACCACCAATCCTCCTC
	
	

	Antisense F
	CCCAAGCTTTAGCACCACCAATCCTCCTC
	397 bp of AcCenH3 antisense strand sequence
	1 cycle of 94 °C for 5 min; 35 cycles of 94 °C for 45 sec, 57 °C for 45 sec, 72 °C for 45 sec, and 1 cycle of 72 °C for 10 min

	Antisense R
	CTAGTCTAGACACGTGGACGAAGCTGGTCCTTCAAC
	
	

	CaMV35s F
	CCAACCACGTCTTCAAAGCAAG
	793 bp (partial sequence of CaMV35s prom + sense strand+ partial sequence of pdk intron
	1 cycle of 94 °C for 3 min; 35 cycles of 94 °C for 45 sec, 58 °C for 45 sec, 72 °C for 60 sec and 1 cycle of 72 °C for 10 min

	pDK intron R
	TCTTCTTCGTCTTACACATCACTTG
	
	

	pDK intron F
	TGCTAATATAACAAAGCGCAAGAT
	888 bp (partial sequence of pdk intron + antisense strand+ partial sequence of Tnos terminator
	1 cycle of 94 °C for 3 min; 35 cycles of 94 °C for 45 sec, 58 °C for 45 sec, 72 °C for 60 sec and 1 cycle of 72 °C for 10 min

	tNOS R
	TCCTAGTTTGCGCGCTATATTTTG
	
	

	Hpt F
	GACGTCTGTCGAGAAGTTTC
	686 bp of internal sequence of hptII
	1 cycle of 94 °C for 3 min; 35 cycles of 94 °C for 45 sec, 57 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min

	Hpt R
	GCCTCCAGAAGAAGATGTTG
	
	

	Primers used for qRT-PCR

	qUBI F
	TCTGATTGTGCTTGTGGTGGTT
	131 bp of AcUbiquitin
	
1 cycle of 95 °C for 2 min; 40 cycles of 95 °C for 10 sec, 58 °C for 10 sec
Melt curve 60 °C to 95 °C.


	qUBI R
	AAAGCGGAAATTAAGATGATGTTGC
	
	

	qAcCENH3 F
	CAGTTTTCCCAACGGCAGAA
	250 bp of N-tail region AcCENH3
	

	qAcCENH3 R
	TCGAGCTCCAGTCCCTCTAT
	
	

	Primers used for detection of homozygous/heterozygous transgenic lines

	Primer Name
	5’ to 3’ sequence
	Amplicon size and region
	PCR conditions

	RNAi Event 1

	RB F3
	GCATGACGTTATTTATGAGATGG
	In hetero: 703  & 652 bp



In azygous: 703 bp
	1 cycle of 95 °C for 5 min; 35 cycles of 94 °C for 45 sec, 58 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min

	Insert E1 R
	GCATCCATAGCGACTATCGCTA
	
	

	Insert E1 F
	GGAAAATCTAACTTGGATTTGG
	
	

	RNAi Event 2

	RB F3
	GCATGACGTTATTTATGAGATGG
	In hetero: 572 & 355 bp



In azygous: 572 bp
	1 cycle of 95 °C for 5 min, 35 cycles of 94 °C for 45 sec, 56 °C for 45 sec,72 °C for 1 min and 1 cycle of 72 °C for 10 min

	Insert E2 R
	GCATTTGGAGATTTCGTCGAAG
	
	

	Insert E2 F
	CTTGCATCCCTGGTATGGTATC
	
	

	RNAi Event 3

	LB F2
	CAAAATCCAGTACTAAAATCCAGATCC
	In hetero: 316 & 338 bp


In azygous: 338 bp
	1 cycle of 95 °C for 5 min, 35 cycles of 94 °C for 45 sec, 60 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min

	Insert E3 R
	GCAAAGCAAGATGAGCACGAG
	
	

	Insert E3 F
	CTACTAGTGCTTAGCTCTATGG
	
	

	RNAi Event 4

	RB R1
	GGTGTCATCTATGTTACTAGATCG
	In hetero: 418 & 546 bp


In azygous: 540 bp
	1 cycle of 95 °C for 5 min, 35 cycles of 94 °C for 45 sec, 52 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min


	Insert E4 R
	CACTTGGTTTATGTAACGATCCCGA
	
	

	Insert E4 F
	GAAATTATGTTAAAGTCCCTAGTCTTG
	
	

	RNAi Event 5

	LB F1
	GTGTTATTAAGTTGTCTAAGCGTC
	In hetero: 324 & 287 bp


In azygous: 324 bp
	1 cycle of 95 °C for 5 min, 35 cycles of 94 °C for 45 sec, 60 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min


	Insert E5 R
	GATTTAAAGGGTAATCGTTTATCTC
	
	

	Insert E5 F
	TAATTATCTTTACGCAATTAATTACCTTG
	
	

	Primers for cloning and transgenics confirmation

	Primer Name
	Primer sequences (5'-3')
	Amplicon size and region
	PCR conditions

	Sense F
	CCGCTCGAGCCATGGGACGAAGCTGGTCCTTCAAC
	397 bp of AcCenH3 sense strand sequence
	1 cycle of 94 °C for 5 min; 35 cycles of 94 °C for 45 sec, 55 °C for 45 sec, 72 °C for 30 sec, and 1 cycle of 72 °C for 10 min

	Sense R
	CGGGGTACCTAGCACCACCAATCCTCCTC
	
	

	Antisense F
	CCCAAGCTTTAGCACCACCAATCCTCCTC
	397 bp of AcCenH3 antisense strand sequence
	1 cycle of 94 °C for 5 min; 35 cycles of 94 °C for 45 sec, 57 °C for 45 sec, 72 °C for 45 sec, and 1 cycle of 72 °C for 10 min

	Antisense R
	CTAGTCTAGACACGTGGACGAAGCTGGTCCTTCAAC
	
	

	CaMV35s F
	CCAACCACGTCTTCAAAGCAAG
	793 bp (partial sequence of CaMV35s prom + sense strand+ partial sequence of pdk intron
	1 cycle of 94 °C for 3 min; 35 cycles of 94 °C for 45 sec, 58 °C for 45 sec, 72 °C for 60 sec and 1 cycle of 72 °C for 10 min

	pDK intron R
	TCTTCTTCGTCTTACACATCACTTG
	
	

	pDK intron F
	TGCTAATATAACAAAGCGCAAGAT
	888 bp (partial sequence of pdk intron + antisense strand+ partial sequence of Tnos terminator
	1 cycle of 94 °C for 3 min; 35 cycles of 94 °C for 45 sec, 58 °C for 45 sec, 72 °C for 60 sec and 1 cycle of 72 °C for 10 min

	tNOS R
	TCCTAGTTTGCGCGCTATATTTTG
	
	

	Hpt F
	GACGTCTGTCGAGAAGTTTC
	686 bp of internal sequence of hptII
	1 cycle of 94 °C for 3 min; 35 cycles of 94 °C for 45 sec, 57 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min

	Hpt R
	GCCTCCAGAAGAAGATGTTG
	
	

	Primers used for qRT-PCR

	qUBI F
	TCTGATTGTGCTTGTGGTGGTT
	
131 bp of AcUbiquitin
	
1 cycle of 95 °C for 2 min; 40 cycles of 95 °C for 10 sec, 58 °C for 10 sec
Melt curve 60 °C to 95 °C.


	qUBI R
	AAAGCGGAAATTAAGATGATGTTGC
	
	

	qAcCENH3 F
	GTGGTCCTTCAACACCAGTAAC
	
184 bp of N-tail region AcCENH3
	

	qAcCENH3 R
	GGAGCAGCAGGAATCAGTAATTC
	
	

	Primers for detection of homozygous/heterozygous transgenic lines

	Primer Name
	5’ to 3’ sequence
	Amplicon size and region
	PCR conditions

	Event 1
	
	
	

	RB F3
	GCATGACGTTATTTATGAGATGG
	In hetero: 703  & 652 bp



In azygous: 703 bp
	1 cycle of 95 °C for 5 min; 35 cycles of 94 °C for 45 sec, 58 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min

	Insert E1 R
	GCATCCATAGCGACTATCGCTA
	
	

	Insert E1 F
	GGAAAATCTAACTTGGATTTGG
	
	

	Event 2

	RB F3
	GCATGACGTTATTTATGAGATGG
	In hetero: 572 & 355 bp



In azygous: 572 bp
	1 cycle of 95 °C for 5 min, 35 cycles of 94 °C for 45 sec, 56 °C for 45 sec,72 °C for 1 min and 1 cycle of 72 °C for 10 min

	Insert E2 R
	GCATTTGGAGATTTCGTCGAAG
	
	

	Insert E2 F
	CTTGCATCCCTGGTATGGTATC
	
	

	Event 3

	LB F2
	CAAAATCCAGTACTAAAATCCAGATCC
	In hetero: 316 & 338 bp


In azygous: 338 bp
	1 cycle of 95 °C for 5 min, 35 cycles of 94 °C for 45 sec, 60 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min

	Insert E3 R
	GCAAAGCAAGATGAGCACGAG
	
	

	Insert E3 F
	CTACTAGTGCTTAGCTCTATGG
	
	

	Event 4

	RB R1
	GGTGTCATCTATGTTACTAGATCG
	In hetero: 418 & 546 bp


In azygous: 540 bp
	1 cycle of 95 °C for 5 min, 35 cycles of 94 °C for 45 sec, 52 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min


	Insert E4 R
	CACTTGGTTTATGTAACGATCCCGA
	
	

	Insert E4 F
	GAAATTATGTTAAAGTCCCTAGTCTTG
	
	

	Event 5

	LB F1
	GTGTTATTAAGTTGTCTAAGCGTC
	In hetero: 324 & 287 bp


In azygous: 324 bp
	1 cycle of 95 °C for 5 min, 35 cycles of 94 °C for 45 sec, 60 °C for 45 sec, 72 °C for 45 sec and 1 cycle of 72 °C for 10 min


	Insert E5 R
	GATTTAAAGGGTAATCGTTTATCTC
	
	

	Insert E5 F
	TAATTATCTTTACGCAATTAATTACCTTG
	
	















Supplementary Table 2 Segregation analysis of AcCENH3-RNAi transgene in T1 AcCENH3-RNAi transgenic lines.
	Transgenic line

	Total plants analysed
	Antisense strand positive
	Antisense strand negative
	χ 2

	Fitness to 3:1
	p

	E1
	99
	24
	75
	136.03
	No
	0

	E2
	85
	20
	65
	120.098
	No
	0

	E5
	24
	9
	15
	18.00
	No
	0.00002209


Segregation analysis of T1 generation of 3 AcCENH3-RNAi knockdown lines. The segregation analysis with test of goodness of fit to ratio 3:1 indicates segregation distortion in transgenic events #1, #2 and #3. χ20.05/df1=3.814























Supplementary Table 3 Segregation analysis for zygosity of transgene locus of AcCENH3-RNAi in T1 transgenic lines.
	Transgenic line

	Total plants analysed
	Homozygous
	Heterozygous
	Azygous
	χ2

	Fitness to 1:2:1
	p

	E1
	99
	0
	24
	75
	-
	No
	*3.76

	E2
	85
	1
	19
	65
	122.365
	No
	0

	E5
	24
	0
	9
	15
	-
	No
	*0.005


Segregation analysis for independent assortment of T1 generation of 3 AcCENH3-RNAi knockdown lines. The segregation analysis with test of goodness of fit to ratio 1:2:1 indicates segregation distortion in transgenic lines.  χ20.05/df2=5.991.* Fisher’s Exact Test was performed for E1 and E5, because the number of homozygous lines obtained was <1. 


Supplementary Table 4 Segregation analysis of AcCENH3-RNAi transgene in F1 AcCENH3-RNAi knockdown lines.
	Transgenic line

	Total plants analysed
	Antisense strand positive
	Antisense strand negative
	χ2

	Fitness to 1:1
	p

	E1 as ♀
	40
	12
(30.0%)
	28
	6.400
	No
	0.0114

	E1 as ♂
	80
	20
(25.05)
	60
	20.000
	No
	<0.0001

	E2 as ♀
	31
	10
(32.25%)
	21
	3.903
	No
	0.0482

	E2 as ♂
	95
	26
(27.26%)
	69
	19.463
	No
	<0.0001

	E5 as ♀
	22
	9
(40.91%)
	13
	0.727
	Yes
	0.3938

	E5 as ♂
	29
	11
(37.93%)
	18
	1.690
	Yes
	0.1936


Segregation analysis of F1 generation of the transgenic lines. The segregation analysis with fitness to ratio 1:1 indicates segregation distortion in transgenic events #1 and #2.  χ20.05/df1=3.814. Numbers in parenthesis indicate the percentage of transgenic-positive plants. 
















Supplementary Table 5 Genbank accession numbers provided by the NCBI.
	Events
	Genbank accession numbers

	E1
	OR581163

	E2
	OR581164

	E3
	OR581165

	E4
	OR581166

	E5
	OR581167




 

[VALUE]a
[VALUE]c
[VALUE]bc
[VALUE]d
[VALUE]b

6.9238717492455429E-2	2.3333333333333355E-2	2.6666666666666655E-2	1.5000000000000012E-2	2.0275875100994083E-2	6.9238717492455429E-2	2.3333333333333355E-2	2.6666666666666655E-2	1.5000000000000012E-2	2.0275875100994083E-2	Bhima Super (WT)	E1	E2	E3	E5	1	0.74	0.79	0.59	0.89	AcCENH3-RNAi transgenic events


Relative expression of AcCENH3 transcripts



Protein level	[VALUE]a
[VALUE]d
[VALUE]c
[VALUE]e
[VALUE]b

0.89500000000000002	1.127	0.97499999999999998	1.8149999999999999	0.70599999999999996	0.89500000000000002	1.127	0.97499999999999998	1.8149999999999999	0.70599999999999996	Bhima Super (WT)	E1	E2	E3	E5	96.51	77.84	81.495000000000005	71.799000000000007	87.83	AcCENH3-RNAi transgenic events


Relative expression of AcCENH3 protein  (%)



Seed set %	[VALUE]c
[VALUE]a
[VALUE]a
[VALUE]b

4.138339244508872	4.2778006104188702	5.0082781472278484	2.9654464953302844	4.138339244508872	4.2778006104188702	5.0082781472278484	2.9654464953302844	Bhima Super (WT)	E1	E2	E5	99.62	27.1	29.86	66.5	AcCENH3-RNAi transgenic events


Relative seed set efficiency (%)




y = 712.24x - 272.25
R² = 0.925
R= 0.962

0.40633333333333327	0.41300000000000003	0.42066666666666669	0.438	0.42133333333333334	0.43366666666666664	0.37033333333333335	0.38500000000000001	0.46199999999999997	0.45566666666666666	0.46833333333333332	0.50466666666666671	0.51233333333333331	0.49266666666666664	21	19	31	23	21.5	24.5	0	0	58	67	72	79	95	82	AcCENH3 protein expression


Relative seed set efficiency (%)



RNAi as Female	[VALUE]a
[VALUE]d
[VALUE]c
[VALUE]b

4.1227036816024691	3.2795558823710897	3.4850463820085804	5.137151656048041	4.1227036816024691	3.2795558823710897	3.4850463820085804	5.137151656048041	Bhima Super (WT)	E1	E2	E5	98.644999999999996	49.323333333333331	67.342113821138227	81.571666666666673	RNAi as Male	[VALUE]a
[VALUE]c
[VALUE]b
[VALUE]a

4.4762644150972708	3.0271375892210162	4.2135971976619873	3.9886039886039981	4.4762644150972708	3.0271375892210162	4.2135971976619873	3.9886039886039981	Bhima Super (WT)	E1	E2	E5	96.725000000000009	37.891666666666666	61.823333333333345	83.76	AcCENH3-RNAi trangenic events


Relative seed set efficiency (%) 




Stomata of Diploid plant	[VALUE]a
[VALUE]a

1.57	0.38	1.57	0.38	Length	Width	31.3	14.03	Stomata of Haploid plant	[VALUE]b
[VALUE]b

1.08	0.64	1.08	0.64	Length	Width	18.39	4.7	
Length and Width (µm) of stomatal aperture 
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