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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most visually important? 
2.8., 3.7., 3.9., 3.10., 4.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.9., 3.7.
5. Will the filming need to take place in multiple locations (greater than walking distance)? 
Maybe, 45 min driving in Johnston, Iowa

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Alicia Masters: Most maize inbred lines cannot be genetically transformed using conventional transformation protocols. Here, we describe a “QuickCorn” transformation method that is fast and less genotype-dependent [1]. 

1.1.1. INTERVIEW: Alicia says the statement above in an interview-style shot, looking slightly off-camera

1.2. Jacob Zobrist: The QuickCorn method utilizes the maize transcription factors BABY BOOM and WUSCHEL. When incorporated in the transformation vector system, these genes work synergistically to stimulate embryogenic growth [1].

1.2.1. INTERVIEW: Jacob says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. MJ Kang: Unlike conventional maize transformation protocols, the QuickCorn method does not involve a callus induction step during transformation [1].

1.3.1. INTERVIEW: MJ says the statement above in an interview-style shot, looking slightly off-camera

1.4. Morgan McCaw: The T-DNA region of the binary vector used in our work contains three key components - morphogenic genes, marker genes, and the cre/loxP recombination system [1][2].

1.4.1. INTERVIEW: Talent speaking the statement above in an interview-style shot, looking slightly off-camera	Comment by Bridget Colvin: Authors: Talent will be shown for part of statement.
1.4.2. LAB MEDIA: Figure 1a: camera showing the figure and highlight three key components

1.5. Morgan McCaw: The heat-induced cre-loxP recombination system was included in the T-DNA to remove the morphogenic genes from the maize genome to allow normal callus regeneration and plant development [1][2].

1.5.1. INTERVIEW: Talent speaking the statement above in an interview-style shot, looking slightly off-camera	Comment by Bridget Colvin: Authors: Talent will be shown for part of statement.
1.5.2. LAB MEDIA: Figure 1 movie to show the excision of the morphogenic genes
Section - Protocol
2. Growing Donor Plants and Harvesting Immature Ears 

2.1. About 2-3 days after silks have emerged and if pollen will be available the following day, cut the silks and husk with 70%-ethanol-sterilized scissors [1-TXT] roughly 2.5 centimeters below the end of the husk leaves, where the silks emerge [2-TXT], and cover the silk with a shoot bag [3].

2.1.1. WIDE: Talent examining plant and removing shoot bag, with whole plant with silks and tassels emerged visible in frame TEXT: See text for donor plant growth details
2.1.2. Silk and husk being cut TEXT: Re-sterilize scissors between ears
2.1.3. Silk being covered by shoot bag

2.2. Once anthers emerge from a tassel, cover the tassel with a tassel bag [1] and place a non-skid paper clip at the base of the bag around the stalk [2].

2.2.1. Shot of anthers, then tassel bag being placed
2.2.2. Bag being clipped 

2.3. The morning after placing the tassel bag, gently bend the plant [1] and tap the bag to encourage pollen to be released [2].

2.3.1. Plant being bent
2.3.2. Bag being tapped 

2.4. Then remove the tassel bag [1] and fold the top of the bag over to prevent pollen from escaping [2-TXT].

2.4.1. Talent removing bag and write on the bag
2.4.2. Talent folding bag TEXT: Pollen may be collected for 3-5 d

2.5. To pollinate a recipient plant, expose the silks [1] and quickly pour pollen from the tassel bag onto the silks [2].

2.5.1. Bag being removed or cut
2.5.2. Pollen being poured Videographer/Video Editor: shot will be used again

2.6. Immediately cover the pollinated ear with the tassel bag [1] and secure the base of the bag around the stalk with staples [2-TXT].

2.6.1. Ear being covered
2.6.2. Bag being stapled TEXT: Physically move plant to avoid cross-pollination as necessary

2.7. To check the immature embryo size, 9-12 days after pollination, gently pull down the husk to expose the kernels at about 1/3 to 1/4 of the circumference of the ear and about 1/3 of the distance down the ear [1].

2.7.1. Husk being pulled/kernels being exposed about 1/3-1/4 circumference of ear and 1/3 distance down ear Video Editor: please emphasize kernels as necessary 

2.8. Use a scalpel to slice off the cap of a single kernel that appears similar to the majority of other kernels in size and color [1] and use a spatula with a ruler to extract the embryo [2][3].

2.8.1. Kernel being sliced Videographer: Important step
2.8.2. Embryo being isolated Videographer: Important step
2.8.3. Talent places the embryo on the back of the free hand

2.9. Then use the ruler or a caliper to measure the longitude of the embryo [1-TXT]. 

2.9.1. LAB MEDIA: To be provided by Authors: Still shot of an embryo being measured longitudinally (with red circle appeared together with the text) TEXT: If embryo 1.5–2 mm, harvest ear; If embryo 1.1.-1.4 mm, check again in 8-12 h	Comment by Wang, Kan [AGRON]: We provide two images, the first one is just an embryo, the second one has an embryo with red circle. Please use the red circle to emphasize the embryo

3. Embryo Dissection, Infection, and Co-Cultivation

3.1. [bookmark: _GoBack]Within 1-4 days of harvest, remove the husks and silks from the harvested ears [1] and insert an appropriate handle into the top [2-TXT] or the base of each ear [3].

3.1.1. WIDE: Talent removing husk/silk 
3.1.2. Talent inserting handle into the top TEXT: e.g., forceps, screwdriver, etc.
3.1.3. Talent inserting handle into the base

3.2. Submerge the ears in a large container of disinfection bleach solution in a sterile laminar flow hood with the handle facing up [1-TXT].

3.2.1. Ear being placed into container, with bleach solution container visible in frame TEXT: Perform all embryo harvest steps under sterile conditions

3.3. After 20 minutes, rinse the ears three times with a generous volume of fresh sterile distilled water for 5 minutes per wash [1] before allowing the ears to dry for several minutes [2].

3.3.1. Talent rinsing ear(s) 
3.3.2. Talent placing ear(s) to dry

3.4. Next, fill one 2-milliliter microcentrifuge tube per ear with 700A (seven hundred-A) liquid medium [1] and use a sterile scalpel to remove the top 1-2-millimeters of each kernel crown to expose the endosperm of the ear [2].

3.4.1. Talent showing a tube with medium container visible in frame
3.4.2. Kernel crown being removed

3.5. Locate the immature embryo within the kernel on the side facing the tip of the ear near the attachment to the cob [1]. 

3.5.1. ECU: Shot of immature embryo Video Editor: please emphasize immature embryos when mentioned as necessary

3.6. For top handler and right-handed operators, rest the ear on a large sterile petri dish [1] and insert a microspatula into the endosperm in the pericarp furthest away from the embryo [2].

3.6.1. Talent placing the ear with top handler on a petri dish
3.6.2. Spatula being inserted for top handler isolation

3.7. Gently twist upward to dislodge the endosperm and to expose the embryo [1] and use the spatula to carefully place the embryo into one tube of 700A liquid medium [2].

3.7.1. Spatula being twisted/embryo being exposed Videographer: Important step
3.7.2. Embryo being removed placed into tube Videographer: Important step

3.8. For base handler operators, holding the ear with left hand, insert a microspatula into the endosperm in the pericarp furthest away from the embryo [1] and gently twist upward to dislodge the endosperm [2-TXT]. 

3.8.1. Talent inserting a spatula into kernel
3.8.2. Spatula being twisted TEXT: Collect 100 embryos per tube

3.9. To culture the embryos in an Agrobacterium suspension culture, collect bacteria from a freshly prepared working plate into 10 milliliters of 700A liquid medium [1] and vortex to suspend the bacteria culture completely [2]. 

3.9.1. Talent collecting bacteria from plate to a tube containing liquid medium
3.9.2. Tube being vortexed 

3.10. Measure the optical density at a wavelength of 550 nanometers [1-TXT] and wash the embryos with 1 milliliter of fresh 700A medium [2]. 

3.10.1. Sample being loaded onto spectrophotometer, with OD550 value visible in frame TEXT: Optimal OD: 0.35- 0.45
3.10.2. Embryo being washed, with 700A medium container visible in frame

3.11. Immerse the embryos in 1 milliliter of Agrobacterium suspension [1] and vortex on a low setting for 30 seconds [2-TXT].

3.11.1. Bacteria being added to embryos Videographer: Important step 
3.11.2. [bookmark: _Hlk22635205]Tube being vortexed Videographer: Important step TEXT: Alternative: Invert tube 12-15

3.12. Settle the embryos on the bench with the tubes in a horizontal orientation for 5 minutes [1] before transferring the entire contents of each tube onto individual plates of 562V (five-sixty-two-V) co-cultivation medium [2].

3.12.1. Talent placing tube(s) Videographer: Important step
3.12.2. Tube contents being quickly decanted onto plate Videographer: Important step

3.13. Gently swirl the plates to distribute the embryos evenly [1] and aspirate the excess Agrobacterium suspensions [2].

3.13.1. Plate being swirled
3.13.2. Suspension being aspirated

3.14. Carefully orient the embryos with the dome-shaped side facing up [1], taking care to avoid damaging the embryos [2]. 

3.14.1. LAB MEDIA: To be provided by Authors: Embryo(s) oriented dome-shaped side up
3.14.2. LAB MEDIA: To be provided by Authors: Intact vs injured embryos

3.15. Then place plates into plastic boxes for an overnight incubation at 21 degrees Celsius in the dark [1].

3.15.1. Talent placing plate(s) into box(es) 
 
3.16. The next morning, carefully transfer about 30 infected embryos [1] scutellum side up onto resting medium 605T (six-oh-five-T) per plate [2] for a 4-10-day incubation at 26 degrees Celsius in the dark [3].

3.16.1. Embryos being transferred onto plate 
3.16.2. LAB MEDIA: To be provided by Authors: Embryo(s) being oriented showing dome shape side up
3.16.3. Incubator setting panel 

3.17. At around 7 days, somatic embryo development can be observed on the surface of the zygotic scutellum [1].

3.17.1. LAB MEDIA: Figure 3C and 3D (Authors provide)

4. Selection, Heat Treatment, and Regeneration

4.1. [bookmark: _Hlk22635420][bookmark: _Hlk22635848]At the end of the resting period, place the box of embryos in a 45-degree Celsius incubator with 70% relative humidity for 2 hours [1-TXT] followed by a 1-2-hour incubation at 26 degrees Celsius in the dark [2].

4.1.1. WIDE: Talent placing box at 45 °C TEXT: See text for achieving desired humidity
4.1.2. Box being placed at 26 °C	Comment by Wang, Kan [AGRON]: Note that this shot is similar to step 4.3.2 but the box in the shot is a shallow box

4.2. At the end of the incubation, place 10-15 heat-shocked immature embryos onto individual plates of shoot formation medium supplemented with 0.05 milligrams/liter of the herbicide imazapyr (i-mayza-pyr) as a selective agent [1].

4.2.1. Immature embryos being transferred and placed onto plate

4.3. Carefully remove any coleoptiles as needed [1] and return the embryos to the 26-degree Celsius dark incubator for 2 weeks [2].

4.3.1. Coleoptile being removed Videographer: Important step
4.3.2. Boxes being placed into incubator 	Comment by Wang, Kan [AGRON]: Note that this shot is similar to step 4.1.2 but the box in the shot is a deep box

4.4. At the end of the incubation, transfer about 8 pieces of tissue per plate onto rooting medium plates [1] for a 1-2-week incubation with 16 hours of light and 8 hours of dark at 27 degrees Celsius [2].

4.4.1. LAB MEDIA: To be provided by Authors: Talent placing embryo(s) onto plate
4.4.2. LAB MEDIA: To be provided by Authors: Boxes being placed into room/chamber 

4.5. As plantlets develop, place one stronger plantlet containing both shoots and vigorous roots [1] onto individual plates of rooting medium under light for another 7-14 days [12]. 

4.5.1. LAB MEDIA: To be provided by Authors: Shot of stronger plantlet on a plate, 
4.5.2. LAB MEDIA: To be provided by Authors: then pPlantlet being placed onto plate

4.6. Allow shoots that are not fully developed to be incubated on the same medium for another 1-2 weeks until they are ready to be moved to soil [1].

4.6.1. LAB MEDIA: To be provided by Authors: Still Sshot of not fully developed shoots 
4.6.2. LAB MEDIA: To be provided by Authors: Talent place and being placed the plate back to box

4.7. As the plant becomes more vigorous, rinse the roots with tap water to remove agar [1].

4.7.1. LAB MEDIA: To be provided by Authors: Shot of vigorous plant, then roots being washed

4.8. Then transplant the individual plants into 3-inch pots containing a pre-wetted soilless substrate in a tray with drain holes [1] and cover place the tray in with a growth chamber with or without plastic humidity dome [2-TXT].

4.8.1. LAB MEDIA: To be provided by Authors: Talent placing plant into pot on tray
4.8.2. LAB MEDIA: To be provided by Authors: Talent placing the tray in a growth chamber with dome visible in frame TEXT: 27 °C, 16h light/8 h dark, 9-14 d

5. Greenhouse Transplantation and T1 Seed Production

5.1. Nine to fourteen days after pot transfer, transplant each entire soilless plug and plantlet with soil into a 1.5-gallon pot [1]. 

5.1.1. LAB MEDIA: To be provided by Authors: Talent placing plug plant with soil into pot	Comment by Wang, Kan [AGRON]: Filmed by Jim Fosse

5.2. Add a controlled release fertilizer to the pot [1-TXT] and maintain the plants in the greenhouse [2-TXT].

5.2.1. Fertilizer being added to pot TEXT: See text for fertilization details
5.2.2. Talent watering soil TEXT: Water lightly when soil dry to touch

5.3. When ear shoots begin to emerge from the plant, use a semi-transparent shoot bag to cover the shoots so that the emerging silks can be observed without removing the bag [1].

5.3.1. Shot of shoot, then bag being placed

5.4. Then pollinate the plants at the appropriate stage of development as demonstrated [1].

5.4.1. Use 2.5.2. Talent pollinating plant



Section – Results
6. Results: Representative Agrobacterium-Mediated Immature Embryo Transformation

6.1. The maize ears are generally harvested 9-12 days after pollination [1].

6.1.1. LAB MEDIA: Figure 2A

6.2. Immature embryos with lengths ranging between 1.5-2 millimeters are the best explants for transformation for this protocol [1].

6.2.1. LAB MEDIA: Figure 2B Video Editor: please sequentially add/emphasize images OR no animation

6.3. Eight days after infection, ZsGreen (Z-S-green)-expressing somatic embryos can be visualized by fluorescence microscopy [1].

6.3.1. LAB MEDIA: Figures 3A and 3B

6.4. Heat treatment 8 days after infection induces CRE (cree) recombinase expression [1] resulting in the excision of the morphogenic gene, cre, and ZsGreen expression cassettes [2] flanked between the two loxP (locks-P) sites [3].

6.4.1. LAB MEDIA: Figure 1b Video Editor: please emphasize Hsp pro:cre arrow in middle of construct
6.4.2. LAB MEDIA: Figure 1b Video Editor: please emphasize blue, pink, red and green arrows
6.4.3. LAB MEDIA: Figure 1b Video Editor: please emphasize red upside loxp triangles

6.5. After 3-4 weeks of culture on shoot formation medium containing herbicide, proliferating tissues with maturing embryos or shoot buds resistant to the herbicide can be observed [1].

6.5.1. LAB MEDIA: Figure 4A

6.6. Some of the herbicide-resistant tissues may be negative for ZsGreen, suggesting that cre-mediated excision likely occurred in these tissues [1].

6.6.1. LAB MEDIA: Figures 4B-4E Video Editor: please emphasize white arrows in Figures 4C and 4E 

6.7. After moving the tissues to rooting medium and light incubation, healthy, vigorous growing shoots with well-developed roots can be harvested [1].

6.7.1. LAB MEDIA: Figure 5A

6.8. Note that some tissues may appear to have multiple shoots [1], possibly due to clonal plants having identical transgene integration patterns [2].

6.8.1.  LAB MEDIA: Figures 5E-G Video Editor: please emphasize multiple shoots in each image
6.8.2. LAB MEDIA: Figures 5E-G


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Morgan McCaw: The QuickCorn method can greatly improve maize transformation efficiency and expand the list of transformable genotypes. The protocol can be successfully reproduced by researchers with minimum maize transformation training [1]. 

7.1.1. INTERVIEW: Morgan says the statement above in an interview-style shot, looking slightly off-camera

7.2. MJ Kang: Using the QuickCorn method, rooted plants should be ready to transfer to soil in just 5-7 weeks after the day of the infection [1].

7.2.1. INTERVIEW: MJ says the statement above in an interview-style shot, looking slightly off-camera

7.3. Jacob Zobrist: Pay attention to the medium composition, the timing of the sub-cultures, and the temperature and lighting conditions. The quality of the starting materials is also essential for a successful transformation [1]. 

7.3.1. INTERVIEW: Jacob says the statement above in an interview-style shot, looking slightly off-camera

7.4. Alicia Masters: The chemicals, bleach solution, and herbicide used in this protocol are biohazardous. Please make sure to wear the appropriate personal protection equipment during their use [1]. 

7.4.1. INTERVIEW: Alicia says the statement above in an interview-style shot, looking slightly off-camera

7.5. Acknowledgements: [1]. 

7.5.1. LAB MEDIA: Acknowledgement slide
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