Protocol S1. Maize transformation protocol
1. After 8-12 days of pollination, the young ears of maize inbred line B104 were harvested, and the immature embryos in the ears were in the normal development stage of 1.0-1.5mm, with milky white immature embryos.
2. Remove the husks from the young ear, separate the maize kernels, and use a surgical blade to remove the top tissue of the maize kernels; Insert the surgical blade into the exposed endosperm and separate the immature embryo.
During the collection process, place it on a high osmotic medium of 3M mannitol at room temperature for about 2 hr, then soak it in 2.0mL LS inf, wash it twice, and remove the medium from it for later use.
4. Cultivate Agrobacterium tumefaciens strain GV3101 containing the target plasmid in YP liquid medium containing the corresponding antibiotics, and shake at 28℃ for 12-16 hr.
5. Collect the bacterial cells at 5000rpm for 5-8 min, suspend them in an appropriate amount of LS-inf AS medium, and make the concentration of 1107 cells/mL (OD600 about 0.3). The solution should be prepared on site.
6. Remove the culture medium from the material and add 1.5 mL of Agrobacterium infection solution.
7. Shake gently for 30s.
8. Leave at room temperature for 5 min.
9. Transfer the suspended embryos and bacterial solution to an empty petri dish.
10. After absorbing 0.7mL of Agrobacterium infection solution, dry the remaining bacterial solution with sterile filter paper.
11. Transfer the infected embryos onto newly prepared LS-AS medium, with the shield facing upwards, and wrap the culture dish with a sealing membrane.
12. After infection, the embryos were incubated in the dark at 25℃ for 3 days.
13. Transfer the embryos to LSD1.5A medium, with 25 embryos per dish, and wrap the dish with a sealing membrane.
14. Cultivate in the dark at 28℃ for 10 days as the first round of screening for BAR-positive tissues.
15. Transfer the opaque embryos to LSD1.5B medium, with 25 embryos per dish, and wrap the dish with a sealing membrane.
16. Cultivate in the dark at 28℃ for 14 days as the second round of screening for BAR-positive tissues.
17. Cut off highly-embryogenic calluses (i.e., dry, friable, and fast growing tissues) from the scutum, with a size of 3-5mm, transfer the immature embryos to LSD1.5B medium, 25 pieces/dish, and wrap the dish with a sealing membrane.
18. Cultivate in the dark at 28℃ for 14 days as the third round of screening for BAR-positive tissues.
[bookmark: _GoBack]19. Cut the highly-embryogenic calluses from step 18, with a size of 2-3mm, transfer the cut calluses to LSZ medium, 25 pieces/dish, and wrap the dish with sealing film.
Cultivate under light at 25℃ for 14 days.
21. Transfer developing shoots to LSF medium and seal with plastic caps.
22. Cultivate under light at 25℃ for 14 days.
23. Transfer regenerated plants to flower pots and add an appropriate amount of soil.
24. Plant genetically modified seedlings in a greenhouse, grow for 3-4 months, and harvest the seeds.


Reagent preparation:
10×LS Macroelements
	Element
	Final concentration （mM）
	Mass（g/L）

	CaCl2.2H2O
	30
	4.4

	KNO3
	188
	19

	NH4NO3
	206
	16.5

	MgSO4.7H2O
	15
	3.7

	KH2PO4
	12.5
	1.7



100×LS Microelements
	Element
	Final concentration （mM）
	Mass（g/L）

	MnSO4.H2O
	9.3
	2.23

	ZnSO4.7H2O
	3.7
	1.06

	CoCl2.6H2O
	0.01
	0.0025

	CuSO4.5H2O
	0.01
	0.0025

	NaMoO4.2H2O
	0.1
	0.025

	KI
	0.5
	0.083

	H3BO3
	10.0
	0.62



100×LS Vitamins
	Element
	Final concentration （mM）
	Mass（mg/L）

	nicotinic acid
	0.41
	50

	VB1
	0.30
	100

	VB6
	0.24
	50

	inositol
	55.5
	10000

	
	
	


100×LS Fe salt
	Element
	Final concentration （mM）
	Mass（g/L）

	FeSO4.7H2O
	10
	2.78

	Na2EDTA
	10
	3.73



100mg/L 2，4-D（0.45mM）
Dissolve 100mg of 2,4-D solid powder completely in 1M NaOH solution and dilute to 1000mL with sterile water. Store at 4 ℃.
100mg/L Zeatin（0.46mM）
Dissolve 100mg of Zeatin solid powder completely in 1M NaOH solution and dilute to 1000mL with sterile water. Store at 4 ℃.
100mg/L IBA（0.49mM）
Dissolve 100mg of IBA solid powder completely in 1M NaOH solution and dilute to 1000mL with sterile water. Store at 4 ℃.
100mg/L 6-BA（0.44mM）
Dissolve 100mg of 6-BA solid powder completely in 1M NaOH solution and dilute to 1000mL with sterile water. Store at 4 ℃.
100mM AS
392.4mg AS solid powder was completely dissolved in 10mL DMSO solution, then 10mL sterile water was added, filtered and sterilized, and stored in the dark at -20 ℃.
YP Plate (Cultivate Agrobacterium)
Dissolve 5g yeast extract+10g white peptone+5g NaCl in 900mL of water, adjust the pH to 6.8 with 1M NaOH solution, make up to 1000mL, and add 15g agar. 121℃. Sterilize for 15 min and cool to 50 ℃ Afterwards, add the corresponding antibiotics and pour 20mL/plate.

LS-inf medium（pH5.2，Filter to sterilize, store at 4 ℃; Pretreatment of immature embryos）
	Element
	Dosage（1L）

	LS Macroelements（10）
	100mL

	LS Microelements（100）
	10mL

	LS Fe salt（100）
	10mL

	LS Vitamins（100）
	10mL

	100mg/L 2,4-D
	15mL

	Casein hydrolysate
	1.0g

	sucrose
	68.5g

	glucose
	36g



LS-inf-AS medium（pH5.8；Infection of immature embryos）
100mL LS-inf medium+100μl 100mM AS

LS-AS medium（pH5.8；Co-cultivation of immature embryos）
	Element
	Dosage（1L）

	LS Macroelements（10）
	100mL

	LS Microelements（100）
	10mL

	LS Fe salt（100）
	10mL

	LS Vitamins（100）
	10mL

	100mg/L 2,4-D
	15mL

	CuSO4（100mM）
	0.05mL

	proline
	0.7g

	MES
	0.5g

	sucrose
	20g

	glucose
	10g

	agar
	8g


Sterilize at 121℃for 15 min and cool to 50 ℃ Afterwards, add 1mL of 100mM AS and 0.05mL of 100mM AgNO3, pour into plates at 30mL/dish, and store in the dark at room temperature (20-25 ℃).

LSD1.5A medium（pH5.8；The first round of screening for transformation materials）
	Element
	Dosage（1L）

	LS Macroelements（10）
	100mL

	LS Microelements（100）
	10mL

	LS Fe salt（100）
	10mL

	LS Vitamins（100）
	10mL

	100mg/L 2,4-D
	15mL

	CuSO4（100mM）
	0.7g

	proline
	0.5g

	MES
	20g

	agar
	8g


Sterilize at 121℃for 15 min and cool to 50 ℃ Afterwards, add 1mL of 250g/L Cb (final concentration 250mg/L) or 1.0 mL of 250g/L Cef (final concentration 250mg/L), 0.1mL of 100mM AgNO3, and 0.5mL of 175g/L glufosinate (final concentration 87.5mg/L), pour into a plate of 30mL/dish, and store in the dark at room temperature (20-25 ℃).

LSD1.5B medium（pH5.8；The 2nd and 3rd round of screening for transformation materials）
	Element
	Dosage（1L）

	LS Macroelements（10）
	100mL

	LS Microelements（100）
	10mL

	LS Fe salt（100）
	10mL

	LS Vitamins（100）
	10mL

	100mg/L 2,4-D
	15mL

	proline
	0.7g

	MES
	0.5g

	sucrose
	20g

	agar
	8g


Sterilize at 121℃for 15 min and cool to 50 ℃ Afterwards, add 1mL of 250g/L Cb (final concentration 250mg/L) or 1.0 mL of 250g/L Cef (final concentration 250mg/L), 0.1mL of 100mM AgNO3, and 0.85mL of 175g/L glufosinate (final concentration 148.75mg/L), pour into a plate of 30mL/dish, and store in the dark at room temperature (20-25 ℃).

LSZ medium（pH5.8；The redifferentiation and regeneration of transformants）
	Element
	Dosage（1L）

	LS Macroelements（10）
	100mL

	LS Microelements（100）
	10mL

	LS Fe salt（100）
	10mL

	LS Vitamins（100）
	10mL

	100mg/L Zeatin
	50mL

	CuSO4（100mM）
	0.1mL

	MES
	0.5g

	sucrose
	20g

	agar
	8g


Sterilize at 121℃for 15 min and cool to 50 ℃ Afterwards, add 1mL of 250g/L Cb (final concentration 250mg/L) or 1.0 mL of 250g/L Cef (final concentration 250mg/L), and 0.5mL of 175g/L glufosinate (final concentration 87.5mg/L), pour into a plate of 30mL/dish, and store in the dark at room temperature (20-25 ℃).

LSF medium（pH5.8；The rooting of transformants）
	Element
	Dosage（1L）

	LS Macroelements（10）
	100mL

	LS Microelements（100）
	10mL

	LS Fe salt（100）
	10mL

	LS Vitamins（100）
	10mL

	100mg/L IBA
	2mL

	MES
	0.5g

	sucrose
	15g

	Gelrite
	3g


Sterilize at 121℃for 15 min, pour into a plate of 30mL/dish, and store in the dark at room temperature (20-25 ℃).

Note: All reagents are purchased from Sigma.
