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Agrobacterium-mediated immature embryo transformation of recalcitrant maize inbred lines using morphogenic genes

Editorial comments:
General:
1. 	Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Our response: 
We have thoroughly reviewed and revised the manuscript. 

2. 	Please rewrite the title to avoid the use of a subtitle.
Our response: 
We have revised the title. 

Original title: Recalcitrant maize genotype transformation: Agrobacterium-mediated immature embryo transformation of maize inbred lines using morphogenic genes

Revised title: Agrobacterium-mediated immature embryo transformation of recalcitrant maize inbred lines using morphogenic genes

3. 	Please ensure that the manuscript is formatted according to JoVE guidelines–letter (8.5” x 11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, single spacing within paragraphs, and spaces between all paragraphs and protocol steps/substeps.
Our response:
Done.

4. 	For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s). Please number references in the order they appear in the manuscript.
Our response:
Done.

5. 	JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. For example: Parafilm, Sigma, Humi-Dome, Osmocote, etc.
Our response:
Done.

Protocol:
1. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headers and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
Our response:
We have highlighted steps to be demonstrated by the video. 

2.	For each protocol step/substep, please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.
Our response:
We have been following this guideline in revision.

Specific Protocol steps:
1. 3.1: Please avoid lengthy paragraphs in the protocol. Please move this paragraph to the introduction.
Our response:
This paragraph is moved to the Introduction.

Figures:
1. 	Please upload each Figure individually to your Editorial Manager account as a .png, .tiff, or .pdf file.
2. 	Please remove ‘Figure 1/2/etc.’, titles, and legends from the figures themselves.

References:
1.	Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al.
2.	Please do not abbreviate journal titles.

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.
Our response:
We have been following these guidelines in revision.



Reviewer #1:
Manuscript Summary: 
In this manuscript the use of the QuickCorn technology to improve maize transformation is explained in great detail. This manuscript will be welcomed by the maize research community. The QuickCorn technology is widely seen as a breakthrough technology in the field and many academic labs are eager to introduce it in their labs. It is much appreciated that researchers from Corteva share their knowledge and show with an academic partner how the technology works. The experiments are very well explained and contain all the details that are needed for replication.

Major Concerns:

Comment 1. 
It would be nice to include also a time line/time schedule
Our response: 
We have added a sentence to the end of the introduction as following:
“Using this method, rooted plants should be ready to transfer to soil in just 5-7 weeks after the day of the infection, rather than 3+ months required by traditional protocols (Frame et al., 2015).”

Comment 2. 
Add paragraph in the protocol how one can determine if plants are transgenic:
· By PCR or can it be assumed by their resistance to imazapyr? Does one need to take care of escapes, especially looking at Figure 5a?
· How are the final percentages of transformation frequency calculated in this protocol: "transgenic shoots/100 IE" or "transgenic shoots with successful excision by cre/Lox /100IE"?
· If multiple non-grassy shoots appear from one zygotic embryo, can one assume these as independent in this protocol?
· Do you expect a developmental phenotype when morphogenic genes were not removed?
Our response: 
We thank the reviewer for the comments.  We added the following sentences in the Discussion to address this comments. 

“Using this method, there is a possibility of obtaining non-transgenic escape plants, multimeric insertions, and unexcised transgenes. These plants will not have a noticeably different phenotype, so detection by PCR is required to determine whether a plant is transgenic. To accomplish this PCR primers within the excised region and primers flanking the excised region can be employed. Multiple independent transformations can also produce plants from the same immature embryo, making determination of total independent transformant recovery rate difficult. Our standard has been to calculate a transformation rate based on the sampling one plant from each immature embryo that produced plants, and divide by the number of embryos infected. This method almost certainly underestimates the actual number of independent events recovered as plantlets. Discrimination between independent events from the same embryo would require sequencing border regions around transgenes; this would be prohibitively expensive and time consuming for most applications, though there could be cases where these data are useful.”

Minor Concerns:

Abstract
L67 "regulate by *the* maize Pltp promoter"
Our response: 
Corrected

L69 carrying the morphogenic genes *on the T-DNA* and extra copies…"
Our response: 
Corrected

L71 "embryos can be selected". Do you mean *by the herbicide imazapyr*. It can also be interpreted as "picked".
Our response: 
We added words to clarified the sentence.  “… can be selected and germinated …” is changed to “… can be selected by herbicide resistance and germinated …”. 

Introduction
L97 I would describe this as *another* limitation (next to the long time lines)
Our response: 
We have revised the sentence. The modification stresses that the genotype dependency is a much larger, more absolute limitation with the conventional protocols.

Original:
“…conventional maize transformation protocols have one major limitation, …”

Revised:
“…conventional maize transformation protocols have a much larger limitation, …”

L118 herbicide reistan*ce* Zm-Hra gene
Our response: 
We did not make change because we think that either could be correct, as this is an allele of the naturally occurring Zm-ALS that produces an enzyme that is resistant to sulfonylurea and imidazolinone herbicides.

L120 I would add also a map of PHP71539 to the manuscript. The hypervirulence is another important part of QuickCorn, next to BBM/WUS
Our response: 
We respectfully disagree.  The map of PHP71539 was published in Anand et al (2018) and is copy-right protected. The readers can find this publication readily online because it is an open accessed article.  

Protocol
[bookmark: _GoBack]L217 LBA4404(Thy-). You still are using antibiotics in the media (Cefo, etc.) to kill of the agro. Is the auxotrophy used for removal of the agro or for biocontainment? Also, what is the genotype in this strain for recA? As you are working with very complex plasmids, you would expect plasmid instability.
Our response: 
The primary utility of the auxotroph is for biocontainment but it has the additional benefit of reducing Agro over-growth. The auxotrophic Agro strain does not grow without supplemental thymidine but THY can, presumably, be supplied by dying plant tissue. So there is still a need to provide an antibiotic in the medium to completely control the auxotrophic Agro. But it will be easier to control due to compromised growth in the absence of THY. This explanation is now added to Step 3.1 as a note). 

The LBA4404(Thy-) is a Ach5-based disarmed octopine-type Agrobacterium strain. We did not observe or experience much plasmid instability. 

L252 I think this is a description of the "streak plate method" for obtaining single colonies, but without sterilizing the loop in between quadrants.
Our response: 
The reviewer’s comment is essentially correct, this is a “streak plate method” and there is no sterilization of the loop between “quadrants” because we use disposable plastic loops. 

L261 Not exactly sure how the "thin film with denser interspersed pockets" looks like. Maybe include as a picture.
Our response: 
This description has been revised.

Original:
“…use a loop or similar tool to collect Agrobacterium from a region of the “working” plate where bacterial growth is visible as a thin film with some denser interspersed pockets (but avoid areas of the plate with a dense lawn).”

Revised:
“…use a loop or similar tool to collect Agrobacterium from a region of the “working” plate where bacterial growth is visible as thin streaks of colonies (avoid areas of the plate with a dense lawn of bacterial growth).”

L254 YEP = YP?
Our response: 
Corrected

L300 Vortex on a "low setting" could be more precise. Why is the vortexing included? Is this to wound the embryos?
Our response: 
Vortexing has a two-fold purpose. First, it allows for better mixing and distribution of the agro. Secondarily, it may also have the additional benefit of slightly wounding the embryos to increase transformation. We have revised the sentence to clarify the vortex setting.  

Original: Add 1 mL of the Agrobacterium suspension and vortex on a low setting (3/10) for 30 seconds.

Revised: Add 1 mL of the Agrobacterium suspension and vortex on a low setting (3/10) for 30 seconds or invert tube 12-15 times to mix.

L329 "Transfer the heat-treated *zygotic* embryos".
Our response: 
Corrected and clarified step 4.8 to say “immature zygotic” embryo because we had failed to use that term, and we wanted to avoid confusion by novices who might believe that the zygotic embryos were the new somatic embryos that had formed on the IZE.

Representative Results
L402 Independent shoots. This is confusing as the word independent is used to also indicate that they are derived from independent zygotic embryos. Maybe remove here.
Our response: 
Corrected. We removed the word “independent”. We also made a correction in the Fig 5 legend.

Table media
- Glucose is not very visible in 605T
Our response: 
We are reformatting the table and this should be addressed.

- The same media are named differently in Jones et al.
Our response: 
· Resting media is named 605T in this manuscript but 605J in Jones et al (2019). This is because the different antibiotics are used in the two media. 
· Media 13329A is called “Maturation medium” in this manuscript but was called “Shoot formation” in Jones et al. The only difference was the concentration of imazapyr, which was 50% of what used in Jones et al. We have revised the “Maturation” to “Shoot formation” to be consistent with Jone et al. 
· 131582 should be 13158. It was a typo with an extra 2 added at the end of 13158 that had formerly been a subscript. This is corrected. 

Finally, it can be mentioned that the materials are available from Corteva through an MTA.
Our response: 
We have added a sentence in step 3.1 in the revision. “These materials can be obtained from Corteva Agriscience through a Material Transfer Agreement.”


Reviewer #2:
Manuscript Summary: 
The MS is easy reading and following. All essential information was given. The steps listed in the procedure are clearly explained. There are just a few things that are minor concerns.

Minor Concerns:

Line 229: Bbm is a transcription factor associated … Should Bbm be written in a regular format?
Our response: 
The authors are unsure of what Reviewer #2 means by “regular format”

Line 236: Wus2 is another transcription factor… Should Wus2 be written in a regular format?
Our response: 
The authors are unsure of what Reviewer #2 means by “regular format”

Line 254: The authors mentioned a new YEP plate… but there is no YEP in the list of table 1. Is it YP?
Our response: 
It should be YP plate, we have made the correction.  

Line 335: …rooting medium (13158)… but in the Table 1 is 131582. Which one is correct?
Our response: 
131582 should be 13158. It was a typo with an extra 2 added at the end of 13158 that had formerly been a subscript. This is corrected.

Lines 405-408: Was the transformation frequency calculated from all transgenic shoots or only ones with the cre-mediated excision. It should be indicated.
Our response: 
The transformation frequency was calculated including all the transgenic shoots, we have added a sentence stating this at the end of Representative Results.  

Line 421: repABC does not correspond to the vector graphic.
Our response: 
This has changed to Rep A, B, C to match the graphic.  



Reviewer #3:
Manuscript Summary: 
Plant transformation has become a keystone for plant genomics and improvement research. Yet the methods used for transformation have not been improved in decades, and today, are not up to the task. Transformation remains very labor intensive, and is the purview of just a handful of highly specialized laboratories.

The technology presented here is the first major breakthrough in the field, and thus, very worthy of dissemination. At the same time, plant tissue culture and transformation is notoriously fickle, and even the tiniest of details stand between success and failure of a protocol. Therefore, the detail provided in this manuscript is welcome and easy to justify.

Overall, the manuscript is well written and clear. I just have a few points:

Major Concerns:

Comment 1. 
Line 464 - the discussion on frequency is not interpretable without knowing more about the experimental design and the number of replicates used to get the data for this manuscript. Are the lower frequencies due to lack of optimization as claimed, or could they be random, due to the lack of replication? Hence, the word 'likely' on line 476 is not warranted. Replace with 'possible'

Our response: 
Thank you for this comment. We have changed to word “likely” to “possible” to better reflect the claims made in this paper.

Comment 2. 
Is the way the AS, benomyl, imazapyr, silver nitrate, thidiazuron and thymidine stocks correct? Normally one dissolves in less than the final volume, and then brings up to volume, rather than as described here, which is starting with a full volume, then adding the compound. This latter way is the way you have the instructions for BAP and Dicamba.

Our response: 
We have revised Table 1 to better inform readers about non autoclavable reagents and stock solution preparations.

Minor Concerns:

Comment 3. 
Line 89 - what is the current criterion for a 'high throughput' system in maize? It helps to have a base line
Our response: 
In our paper high throughput refers to an easily replicable/repeatable protocol that makes it possible to scale to any desired experiment size large or small. We have revised the sentence to more clearly reflect this thought. 

Original:
The discovery that immature embryos in maize could be used for the production of regenerable callus dates back to 1975 (Green and Phillips, 1975). Since then, in a high throughput system, maize has required callus formation and selection prior to regeneration (Ji et al., 2013).

Revised:
The discovery that immature embryos from maize could be used for the production of regenerable callus dates back to 1975 (Green and Phillips, 1975). Since this revelation, most scalable maize transformation protocols have required callus formation and selection prior to regeneration (Ji et al., 2013).

Comment 4. 
Through out the manuscript—the use of 'media' and 'medium' is very inconsistent. In some parts, media is used as plural and medium as singular, particularly in the step-step section. In other parts, media is used as both the plural and the singular. The preference should be one medium, two media.
Our response: 
We have reviewed and revised according to the context in the revised manuscript.

Comment 5. 
Line 129--- need supporting data or citation - how much faster? How much more efficient?
Our response: 
We have added a sentence to address this comment. 

Original:
Compared to previously published maize transformation methods (Que et al., 2014), the QuickCorn method is faster, more efficient, and less genotype dependent.

Revised:
Compared to previously published maize transformation methods (Que et al., 2014), the QuickCorn method is faster, more efficient, and less genotype dependent. Using this method, rooted plants should be ready to transfer to soil in just 5-7 weeks after the day of the infection, rather than 3+ months required by traditional protocols (Frame et al., 2015).

Comment 6. 
Missing from the protocol—where does one get the necessary Agrobacterium strain and the vector with the morphogenesis genes? 
Our response: 
We have added a sentence in Step 3.1: 
“These materials can be obtained from Corteva Agriscience through a Material Transfer Agreement. 

Comment 7. 
Line 148 - what type of agar is used for the plants? Can gellan gum be used?
Our response: 
All or the reagents used in the paper are listed in detail in Table 1. Agar is used to harden the growth medium. While other hardening reagents may be used, they may not be as effective.

Comment 8. 
Lines 405-408. How reliable are these results, given they have no standard error? Are they the representative results, or are they just from 1 rep? 
Our response: 
We appreciate this comment. This manuscript is a protocol paper in which representative results are described. These results were from two repetitions involving four researchers and over 3700 immature embryo explants. Details of these experiments are in preparation for another manuscript. 

Comment 9. 
Line 442—in conventional maize regeneration, do the embryos form from callus, or is it a repetitive embryo system, where globular stage embryos give rise to more globular stage embryos?
Our response: 
In conventional transformation immature zygotic embryos (IZEs) are used as target explants for either Agrobacterium-mediated or biolistic-mediated transformation. When cultured on appropriate media with growth regulators, these IZEs can develop embryogenic callus with globular appearance. This callus is then further developed into shoots and roots with appropriate growth regulators. Using the morphogenic genes in the Quickcorn protocol described in this manuscript, Agro-infected IZEs can develop somatic embryos from the scutella tissue directly. Each of these somatic embryos is an independent transformation event which can be regenerated into a transgenic plant. We have made changes in the revision to better convey this concept. 

Original:
Traditional protocols for maize transformation require the development of a callus stage.

Revised:
Traditional protocols for maize transformation follow the paradigm of isolating immature zygotic embryos to produce transgenic callus tissue which is regenerated into fertile plants (Frame et al., 2015, Que et al. 2014). 

Comment 10. 
Line 486 - Shortened—how much shorter is this protocol?
Our response: 
QuickCorn process skips callus induction step, it induces somatic embryos from the scutellum directly. The QuickCorn process generally requires approximately 45 days to obtain transgenic plantlets after infection. Practical Hi-II and B104 Agrobacterium mediated genetic transformation generally requires approximately 104 days and 130 days to harvest transgenic plantlets. We have added a sentence at the end of Introduction to address this comment. 

“Using this method, rooted plants should be ready to transfer to soil in just 5-7 weeks after the day of the infection, rather than 3+ months required by traditional protocols (Frame et al., 2015).”

Comment 11. 
Table 1: Not minor salts, but micro salts. Plant nutritionists stopped using minor b/c it sounds like they are of minor importance. They are not of minor importance, they are just used in small quantities. Thus they went from major/minor to macro/micro. This protocol is using macro/minor.
Our response: 
We appreciate this comment that the macro/micro is the appropriate term for plant nutrients. “B5 minor salt stock” is a solution described in U.S. Patent No. 6025188A. It is not the same as the Gamborg B5 micro elements, although it is a subset of Gamborg B5 micro elements. To remain consistent with the literature, we will keep the name “B5 minor salt stock”. 

Comment 12. 
Thidiazuron, not Thidazuron
Our response: 
Corrected.

Comment 13. 
Carbenicillin and gentamycin need stocks as well—but rather than putting in column B, they are in parenthesis. This inconsistency is confusing. No instructions are given for proline, timentin, thiamin, or zeatin.
Our response: 
Thank you for the comment, all antibiotics, plant nutrients and hormones stock preparation are in the revised Table 1 with detailed description. In our protocol, the L-proline is added in the medium as powder. We have revised Table 1 to address this comment. 
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