JoVE54492R1 (Ploidy manipulation of zebrafish embryos with Heat Shock II treatment” (Baars et al.)

Response to Editorial comments (unrequested changes in bold)
-At the start of the Protocol, an animal care/use statement should be included (this can be moved from the Acknowledgements section).
The animal care/use statement has been moved from the acknowledgement section to the beginning of the protocol (Introduction section)

-Please use complete sentences in 2.1.1 and 2.1.2. Alternatively, we suggest removing the recipes from the actual protocol, and instead include the components/amounts in a Table at the end of the manuscript.

This information has been deleted here and added to a table (Table 1) at the end of the manuscript.

-2.1.3-Please change the tense to the imperative.

Tense have been changed (please note entire section 2.1 has been condensed (after transferring information to Table 1) so there are no longer subsections

-Please check that spaces are included between numbers and their units.

The text has been revised for this

-Please remove the subheadings from the "Critical Steps" portion of the Discussion, and reformat this text into ~2 cohesive paragraphs. As written, this section resembles a bulleted list.

The subheadings have been removed and the text has been reformatted into paragraphs
-Section 6 Note: This note is long (>5 sentences), and includes a great deal of background information that may be better-suited for the Introduction section. Consider moving this text.
A portion of Note 6 has been moved to the Introduction in order to shorten that Note.
•Length - As written, the highlighted portion of the protocol exceeds the 2.75 page limit. It is recommended to remove the highlighting from Step 2.4, and possibly Steps 2.1.1 and 2.1.2.

Highlighting from Step 2.4 has been removed. Steps 2.1.1 and 2.1.2 have already been restructured and shortened, through moving of information to Table 1 (see above).

•Visualization - As 2.4 will be difficult to visualize, it is recommended to remove the highlighting from this step. However, to improve visualization, we recommended highlighting "make a longitudinal cut along the abdomen with dissecting scissors" in 2.6.

Highlighting in Step 2.4 has been removed. The statement “make a longitudinal cut along the abdomen with dissecting scissors” has been highlighted.

•Additional detail is required:

-Please include a superscript reference for the information in the first Step 1 note (dealing with egg extrusion).

A reference has been added.

-1.1-What strain/line of zebrafish is used? How does this relate to golden, mentioned in the Figure 3 legend?

We have added in Step 1.1 that the technique can be applied to zebrafish of any strain. We have also added this information to the Discussion (under “Troubleshooting and modifications”), with some specific strains as examples. There, we also make a connection to the pigment mutations that can be introduced into the strain to act as an independent marker for diploidization.
-2.3-2.5 should be substeps of 2.2. In addition, for 2.2, how is euthanasia confirmed?

Steps 2.3-2.5 have been reorganized as substeps 2.2.1-2.2.3, and other steps in section 2 have been relabeled. A statement on assessing euthanasia has been added to substep 2.2 (this statement has been left unhighlighted, but it can be highlighted if appropriate).

-2.6-How are testes identified (by what morphological characteristics)?

A statement on how to identify the testes has been added (this statement has also been left unhighlighted, but it can be highlighted if appropriate).
-7.4-If possible, please add a note detailing what specific morphological characteristics are assessed at the 24 hpf stage. In this note, also include a reference for pigment markers/other assays that can be performed.

A brief description of morphological characteristics has been added (unhighlighted). Two examples of pigment markers and references have been added.
•Branding should be removed:

-2.7, 3.3, Discussion-Pipetteman
changed to “micropipette”

-2.8, 3.3-Eppendorf
changed to “microfuge”

-4.3-labwipes
changed to “lab wipes” (this was what seemed to be the best generic term from an internet search)
Additional change:
- An additional funding source (RO1 GM065303) has been added to the acknowledgements.

•Results

-Please include an image in the Results section of actual zebrafish embryos demonstrating the different types/cell distributions mentioned in Step 7.3. This would greatly help supplement the current Figure 2.

A diagram representing the various embryo cleavage types has been added to Figure 2.
Additional references to Figures have been added earlier in the text in order to maintain the figure presentation order
-Please include a scale bar in Figure 3.

We have added a scale bar to the figure.
Response to Reviewer’s comments (unrequested changes in bold)
We thank both Reviewers for their time and helpful critiques. We have tried to address these as best as possible, resulting in what we think is an improved manuscript.
Reviewer 1

None

Minor comments: The term "gynogenetic diploid" is used throughout the manuscript. I'm under the impression this term can be confused with embryos produced by suppression of 2nd polar body formation, which may not be completely homozygous (see ZFIN methods). Other terms, such as 'double haploid' or 'homozygous diploid' may be preferable for the embryos produced by the method described here.
We have revised the manuscript to avoid confusion between terms. 
We have added the following sentence in the introduction (we have also simplified the term referring to gynogenetic haploids):
“For conciseness, we refer to gynogenetic haploid embryos as “haploids”, and homozygous, gynogenetic diploid embryos as “homozygous diploids”.”
The substituted these terms accordingly. 


In 'Representative Results', it would be useful to provide some kind of yield numbers with which to gauge successful experiments. With good quality parents, what fraction of offspring can be recovered from haploid to diploid?
We have added the following statement to the “Representative Results” section

“Using an unselected mixed AB/Tübingen background genetic strain, yields of homozygous diploid induction by HSII, as assayed by morphology at 24 hpf, vary from 10% to 50% 2. Selection of lines by propagation through HSII is expected to increase the effective yield 1.”



Additional Comments to Authors:

One phenomenon that has been observed in other lower vertebrate species (e.g. Xenopus) is spontaneous polar body failure. Haploid Xenopus embryos sometimes spontaneously recover diploidy, and can complicate analysis of production of double haploids by pressure suppression of first cleavage (Roco et al 2015 doi: 10.1073/pnas.1505291112). Perhaps the authors can comment on this phenomenon (has been observed in Danio?) given the potential application of the method to other species.
Polar body failure has not been observed in wild-type zebrafish. We have, however, added a reference to this phenomenon in the “Limitations and troubleshooting” section. We specifically state how the suggested genetic marking system can detect spontaneous polar body failure. 

Some UV sources (used for inactivation of sperm) degrade fairly quickly; the authors may wish to comment.

We have no experienced UV source decreases while using two different UV source set ups. However, we have added a note to the Excel table cautioning users of this potential problem.

Reviewer 2

Some molecular or cytogenetic evidence should be provided to validate their claims of what is accomplished through these manipulations and to provide a way for investigators using their method to confirm that they have accomplished their goals. 

References to assess successful diploidization (viability of gynogenotes, chromosome counts, quantitation of DNA diameter) have been added to the Representative Results section. With regards to the HSII method, evidence of successful diploidization has already been published, in the article on which this JoVE article is based on (Heier et al 2015).

 Additional evidence has been added to direct the reader towards molecular methods to assess ploidy (Poss et al 2004).
Some of these methods have been published before, and are incompletely cited.
This JoVE article is based on a recently article published in Developmental Dynamics (Heier et al, 2015). These studies were in turn based on earlier work by Stressinger and co-workers (1981). The purpose of this manuscript is to present the already published methodology in technical and visual detail, to facilitate its implementation. 

We have tried to appropriately cite all relevant references, in particular the seminal contribution by Streisinger and colleagues to this methodology. We have added a sentence to more clearly spell out the contribution for two additional studies (Zhang and Onozato, 2004; Zhu et al 2007), which showed the stalling effect on the cell cycle and chromosome duplication. Findings in Heier et al (2015) were obtained independently of these two later studies, but also acknowledge their contribution. Our work in Heier et al. (2015) further developed the original Streissinger method and additional findings to assess its genetic usefulness with regard to the generation of viable diploidized embryos and genetic segregation of alleles present in the mother. 

Second, given the known frequency of just coding mutations alone in humans (on the order of 10,000 per person), it is not really easy to believe that a doubled haploid can be viable to adulthood; this affects some of the comments made. The implications of arrested development and lethality in haploid and doubled haploid embryos should be addressed for genetic screens.
Streisinger et al (1981) showed that these methods, including HS (the HSII precursor) led to viable adults. Such adults could be maintained for multiple generations through gynogenetic methods. Yields were low in the initial experiments, but increased through selection using these methods. This increase in yield suggests a “purging” of deleterious alleles through selection. 
We have previously grown HS-derived fish to adulthood and established lethal-free lines with these fish (Pelegri and Schulte-merker, 1999). We have indeed used gynogenetic methods to carry out genetic screens, but those screens were based on the EP method, which has some heterozygosity after inhibition of meiosis II. The current improvements on HSII yield now allow inhibition of mitosis as the basis for improved genetic screens, which we are currently undertaken. For this purpose, our laboratory has re-established lethal-free lines (using HSII) which are currently in their third generation. Results from HSII-based screens will require several years, but we believe there is ample evidence that shows that HS- and HSII-derived fish can be viable and can be selected to become robust lines, and that the HS-method can constitute the basis for a genetic screen.  The information will be useful to scientists in other model system, each with its own peculiarities with regards to the application of gynogenesis. It is the hope that publication of this JoVE article will promote the use of this technique in a variety of model systems, in addition to zebrafish research.


Third, the arguments would be more easily understood if Figure 2 showed nuclei and their ploidy.

Nuclei and ploidy number have been added to Figure 2. The diploidization event is indicated. A Statement in the legend has been added to direct the reader to Heier et al. 2015, which has diagrams representing centrioles (we preferred not to present centrioles in this manuscript in order to emphasize the methods and not their underlying cause)


Minor Concerns:

1) Grammatical problem in the second sentence of the abstract.

this has been corrected

2) Why the name HSII?

The term “II” differentiates this abbreviation from that for the standard HS method, and reflects that fact that the cell cycle delay caused by this method occurs during the second cell cycle, not the first as in the standard HS. We have expanded the introductory paragraph to better convey the history of the method and included this information in it.
A reference to a recent article on heat-induced centrosome degradation has been added to the introduction (Vertii et al)

3) "Every single locus" (not loci, which is plural)
This has been corrected

4) Lines 499-500 "of each other" is not needed.

These words have been deleted
