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Dear Editors,
Please consider our revised manuscript entitled " Bioinformatics pipeline for investigating molecular evolution and gene expression using RNA-seq " for possible publication as a video protocol in JoVE. In this manuscript we outline bioinformatic methods for investigating the molecular evolution and expression of candidate genes. We made most of the revisions recommended by the editor and reviewers and believe our manuscript is much improved and easy to follow. We now provide more details per step and the protocol reads more like instructions to the reader.
Our methods will be of interest to readers investigating genomics of non-model organisms. We are confident that someone with minimal bioinformatics experience could follow this protocol to investigate desired genes in their favorite species.
Thank you for considering this manuscript. We look forward to hearing from you.

Sincerely,

Ali Mortazavi, Ph.D.

Professor of Developmental and Cell Biology

University of California, Irvine
Editorial comments:

NOTE: Please read this entire email before making edits to your manuscript. Please include a line-by-line response to each of the editorial and reviewer comments in the form of a letter along with the resubmission. 

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

We are grateful to the editor and the reviewers for thorough suggestions on improving the manuscript and making our methods more accessible. We have reviewed the manuscript to correct any spelling or grammatical errors.

• The title is too broad. Please focus it on the protocol.

We changed the title to: Bioinformatics pipeline for investigating molecular evolution and gene expression using RNA-seq

• Protocol Language: Please ensure that all text in the protocol section is written in the imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes should be used sparingly and actions should be described in the imperative tense wherever possible.

We made these changes throughout the manuscript and hope that it now reads as instructions with enough detail.

1) Line 90-109: Remove the list. List items in the table of materials.

List removed.

2) 3.1.1., 3.1.2: obtain from where?

We list a few online sites where readers can find genomes or assemblies: ensemblegenomes, NCBI genomes and Nucleotide (TSA).

3) 3.2.1: which database?

NCBI

4) 3.2.2: how is this done?

We fixed this by including detailed instructions.

5) 5.1.1: A reference is not sufficient if you wish to film this.

We give detailed instructions in the manuscript now.

• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

• Please ensure that all specific details (e.g. button clicks for software actions, numerical values for settings, etc) have been added to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

We added all of the necessary details to each step.

1) Please include an ethics statement before your numbered protocol steps indicating that the protocol follows the animal care guidelines of your institution.

Done

2) 1.1.: Cite references for dissection and tissue extraction. Provide examples of organisms and mention those you have tested.

Done
3) 1.1.2: How is the tissue processed before RNA extraction? Cite a reference.

Flash frozen or place in RNAlater, a reference was also added.

4) 1.1.3, 1.2.2, 1.2.3 : Needs references.

Done

• Protocol Numbering: 

1) Please adjust the numbering of your protocol section to follow JoVE’s instructions for authors, 1. should be followed by 1.1. and then 1.1.1. if necessary and all steps should be lined up at the left margin with no indentations.

2) Add a one-line space between each protocol step.

We ensured that everything was numbered correctly.

• Protocol Highlight: After you have made all of the recommended changes to your protocol (listed above), please re-evaluate the length of your protocol section. There is a 10-page limit for the protocol text, and a 3- page limit for filmable content. If your protocol is longer than 3 pages, please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps.

Done

1) The highlighting must include all relevant details that are required to perform the step. For example, if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be included in the highlighting.

2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.

3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.

4) Notes cannot be filmed and should be excluded from highlighting.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.

We rewrote the discussion to cover all of the points listed above.

• Figures: 

1) Please remove the embedded figures and tables from the manuscript. Figure legends, however, should remain within the manuscript text, directly below the Representative Results text. Upload all tables as excel files.

We deleted all figures and tables from the manuscript.

• Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are TRIzol, NucleoSpin, Qubit, Bioanalyzer, e TruSeq v2, etc.

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.

We removed the commercial names and reference the table of materials.

2) Please remove the registered trademark symbols TM/R from the table of reagents/materials.

Done

• Table of Materials: Sort the list alphabetically.

Done

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."

The figures in this manuscript have not been previously published.

____________________________________

Reviewers' comments:

Reviewer #1: 

Manuscript Summary:

In the manuscript "Investigating Gene Family Evolution and Expression" the authors outline the different steps to identify and analyze a specific gene family group within a non-model organism. In today's data driven bioinformatic research, it is important to know the different analysis and tools that can be applied to a wide range of datasets (genomes and gene expression). The authors have combined in a well step by step pipeline all the necessary analysis, with the latest bioinformatic software, from gene expression RNA-seq data, identification of a specific gene family (opsins) to their evolutionary relationship.

The manuscript use technical descriptors well formulated. Authors provide good examples of code that can be used for every program mentioned. The text is accompanied with figures and tables well formatted that help the reader with the different analysis performed.

Major Concerns:

The authors show an approach for identifying genes of interest, using a combination of blast and GO annotation analysis (both on Blast2GO software). Unfortunately, I see big drawbacks within the step: If the main goal is identification of a specific gene family (opsins) within a new species, my first take would be an homology search (blast) using the specific gene family from closer species (orthologs sequences) as query. And not only that; it should be followed by a reciprocal blast search in order to minimize potential false positive in your final gene pool. Then, it can be used for proper alignment and phylogeny analysis. I understand that the authors don't stop at that, using the outcome from the entire transcriptome annotation analysis for further inputs (differential expression, functional enrichment). But that initial set up (reciprocal blast) would be very beneficial, not only in computational time, where you can get an fair and quick estimate of potential targets in you new-to-you genome/transcriptome (without having to annotate the entire genome), and very effective in orthologous sequence search. I understand the authors claim a similar step at paragraph 4.2, which is after the GO annotations step. But my opinion is that getting genes of interest by merely using GO annotations and key words in their description, may lead to inaccuracies, which will depend on the family of proteins you are working with.
We agree with the reviewer and edited our methods for identifying genes of interest (now section 8). We now provide detailed instructions on how to extract homologs, BLAST to the genome or transcriptome, and do a reciprocal BLAST.

Since we would like to have a functional annotation in your genome, for future differential expression and functional enrichment analysis, the other big drawback I found is the software mentioned at this step (Blas2GO). Although the authors have come in hand with free and open-source software along the manuscript, they get tempted by the dark side at this step. Unless it is running the Pro account license, which will cost money or maybe your institution has one, the basic account can take a lot of time in order to get a whole genome analysis done (I have been there). The authors already mention an alternative, Trinotate, which goes handy if you are using Trinity scripts in your analysis (which are in the manuscript). Or maybe it can be mentioned an intermediate approach; since blast is the real limiting factor in Blast2GO basic, why don't combined an standard blast within the high capacity cluster (which most of the institutions have) and use the output for GO annotation with Blast2GO. I remember doing something similar, but it was on previous versions, not sure how it would work know.

Yes, the basic version of Blast2GO can be very slow. In the discussion we now mention other alternatives that we tested. One of which worked very quickly (web-based PANZZER2).
Minor Concerns:

Although I think descriptors are good enough along the text, it's also true that I am quite familiar with most of the pipeline described in the protocol: programs used and specific parameters. But I think it would be more powerful for the potential reader a brief description of whats being done in each step. I am not talking about the parameters used (for that you can read the manuals), but further descrptions in some steps would be great for clarification on what is being done. For example, Line 158 and Line 164. Something like "This file type need to be generated in order to run the next step which will involve this and this to get...". In Line 278 "RSEM quantification" can have some explanatory text.

We had added some detail to the text about input and output but removed them because it was extra detail that did not read like a list of instructions.

During the text sometimes I am confused whether it is referring to genome assembly (reference genome), gene models, transcriptome assembly (guided, de novo), etc. Like I said in the paragraph above, descriptors should be more elaborated. Eg. L145 "genome gtf file" what is in there? L170 "StringTie assembly" that's a trascript guide assembly, right?

We provide more detail now in the supplemental results. We did not include them in the main text for the reasons stated above.

In point 5. Check and verify gene sequence (Line 228), the authors propose a visual inspection for missing exons and blasting. An alternative could be to use the candidate genes and use public databases like Pfam and Conserved Domain Database (CDD) to look for those truncations in their sequence.

We appreciate the reviewer’s suggestions and insight. We tired Pfam and were able to view a matching protein sequence that can be used to blast the genome and recover the true sequence. We now recommend this in the supplement. 

When a study points out a phylogenetic analysis, there should be accompanied with the alignment (fasta format) of the sequences studied. In this case, it would be a great opportunity to interact with the pipeline outlined and visualized the results.

We now refer to figure 2 in this section so that the reader can see what an alignment of a FASTA file looks like.

Reviewer #2:

Manuscript Summary:

The manuscript described different computational protocols that are essential to perform a genome-wide study of gene families.

Major Concerns:

Major concern is its Novelty.

While the methods are not new, we believe they are a good resource for biologist inexperienced in bioinformatics and seeking to investigate a handful of genes. Our protocol outlines commonly used software that can give insight into evolution and function with easily attainable data.

Minor Concerns:

Nil

Reviewer #3: 

Manuscript Summary:

The manuscript details a protocol to study the evolution in sequence and expression of a protein family of interest. The manuscript reads well, and describes the protocol with sufficient detail. Although other choices of software and tools are possible, the one chosen by the authors is reasonable and justified.

Major Concerns:

- Nowadays there are better options to share a computational protocol other than listing the programs to install and the commands. I recommend the authors to consider Docker or any other container option where they could share the very same environment used in their analysis, this will ensure reproducibility and multiply the impact of their protocol.

In order to make our pipeline easier to follow, we included additional supplementary figures, scripts, and R code for edgeR.

- The search for "homologs" in Genebank can be more tricky than described, given the common presence of duplicated sequences and misannotations, I would recommend also searching for homologs of the genes of interest in pre-computed databases such as EggNOG, MetaPhOrs or OMA. Just leaving NCBI search for the few specialized species that may not yet be in those databases.

We agree with the reviewer and for that reason we recommend doing a more thorough annotation of the genes. In the manuscript we give instructions for Blast2GO which searches across different databases but we also list a few alternatives that we tested in the discussion such as the above mentioned eggNOG. 

Minor Concerns:

- Some versions are not indicated, for instance for python or R.

We added versions to all programs and we also provided links for download in the table of materials.

Reviewer #4: 

Summary

In this manuscript, Macias-Muñoz and Mortazavi outline a computational approach to initial characterization of a gene family by using long RNA-sequencing data. Authors then show how this approach can be used to characterize opsin genes in Hydra vulgaris. Manuscript is written in a clear fashion, although re-arranging and slight expansion of the Introduction section, as well as fixing some formatting issues might be necessary. Below, I outline how, in my opinion, the manuscript can be improved. I do not have major concerns; all my suggestions are for minor edits that do not regard the authors' approach. Because the goal of JoVE is to provide enough information for the researchers that are learning a new technique, I also included some more specific suggestions about which details could be added to the Protocol section. I believe that such details would help readers and viewers reproduce the reported representative results.

General suggestions

1. In my opinion, the Introduction section needs re-structuring and a bit of expanding. I suggest that it is done as follows. I would start with a summary about the main current approaches to study evolution of gene families, and then - of how gene expression can be used to help such studies. I suggest that authors provide examples of how gene expression was successfully used to characterize gene families not only in non-model, but also - in model organisms. I would continue with listing the most important challenges to the field - theoretical considerations and practical difficulties. I would suggest finishing the Introduction with a very brief, one or two sentence summary of the cited work on Hydra vulgaris (ref. 13), and with the description of the pipeline reported in this work and how this pipeline addresses previously mentioned challenges.

We rewrote the introduction to address these points.

2. Authors provide a protocol for a very particular type of library. I think it would be helpful to provide at least some indications, how different library preparation protocols (e.g., single-end vs. paired-end, with or without rRNA depletion, preserving or not the strand information, libraries with different insert size) would affect the analysis of the data (i.e., what command line parameters users would need to pay attention to).

We address these points in the discussion.

3. I would suggest that authors provide time estimates for each of the steps. Because the time spent for each step largely depends on the hardware used and on the size of datasets, estimates can be given for the system that authors used to produce their Representative Results.

We added time estimates to the representative results as well as we could recall.

4. I believe that in the Representative Results section, it would be appropriate not only list what was done, but also provide readers with at least one paragraph with interpretation of the data obtained and conclusions derived from them.

We now include a concluding sentence of the main results from that project. 

5. Please consider reporting command lines with variables instead of specific file names and paths, as well as instead of specific parameters that would change based on, for example, size of the insert (in STAR genome index preparation, --sjdbOverhang 42). For example genome_file.fa would become $GENOME_NAME, and index_name would become $GENOME_INDEX, etc. All used variables can be listed in the beginning of the protocol along with example values. I think this would make it a little easier and convenient for users to adjust the pipeline for their particular needs.

We changed the command to include variables as is often seen in instruction manuals.

6. Throughout the manuscript, where it is not a part of the file name extension, I recommend that capital letters are used for referencing GTF, BAM, FASTA and FATSQ files. Also, please make sure that all files are referenced in the notes to commands consistently (e.g., READ1.fastq file is currently referred to in the text as "READ1", "read1" and "Read1" fastq file). The same suggestion applies to the names of the tools used (e.g., "Blast2GO" and "BLAST2GO").

Thank you for pointing that out. We reviewed the manuscript to make sure everything was consistent.

Specific suggestions by line / by section

Note that on lines 27-28, "publicly available" is used twice - please re-phrase.

Done

1.1.: Please add a reference to the table of materials.

Done

1.1.2.: Authors mention that there could be kits that work better for different species or tissue types. If possible, please share any information in that regard or provide relevant references to the published data for interested readers. Also, indicate how presence or absence of DNase treatment step could affect the downstream results.

Done

1.1.3.: Please indicate the target range of yields and of the Bioanalyzer RNA Integrity Numbers for the obtained total RNA.

> 8 but ideally around 9.

1.2.1.: I think it would be a good idea to list at least one alternative kit for normal and for small input library preparation, and to note that depending on the kit used for library preparation, adapter trimming procedure in the analysis stage can be affected. I also suggest that authors briefly comment on whether rRNA depletion is required, as well as on whether building a strand-specific library is important.

We address this in the discussion.

1.2.3.: Comment on how critical for the task it is or it is not to build a paired-end library, as opposed to a single-end library. Also, make a note on how using single-end RNAseq library would affect the usage of the tools, as the example commands are given for the paired-end libraries only. What is the minimum depth of sequencing that authors recommend to obtain?

We address this in the discussion.

2.: For computing cluster, mention the minimum hardware setup that is required for successful execution of the protocol. Make a note on the operating system requirements. For other tools, please add an indication whether or not root access is required for the installation of the program - this can be a helpful piece of information when the users of the protocol do not have root access to the computing cluster. Also, do authors think that it would be helpful to provide links to the main pages of the projects where download and installation instructions can be found?

We added links to where programs can be downloaded in the Table of Materials. We also mention which program installations may require root access.

3.1.1., 3.1.2.: It would be useful for the readers, especially those who are new to the field, to have a list of databases, where up-to-date reference genome sequences (at least - for the most commonly used organisms) can be obtained.

We listed EnsemblGenomes and a google search.

3.2.1.: Add that the commands used here are a part of SRA Toolkit. Does the command produce the output named as READ1.fastq and READ2.fastq or is it in the format SRRXXXXXX_1.fastq and SRRXXXXXX_2.fastq? In the latter case, for compatibility with the next commands, it might make sense to change the indicated file names accordingly.

Done

3.2.2., 3.3.2., 3.4.2.: Note that the output of the upstream command (3.2.1.) is uncompressed fastq files, and the input for Trimmomatic in the command line provided is compressed fastq files. Accordingly, the output of the command is compressed fastq files, and the indicated input for mapping reads with STAR is uncompressed fastq files. On line 136, please replace "fastqs" with "fastq files", and the use of "mated" and "paired" in "mated or paired" seems redundant.

We made the recommended changes and replaced mater with paired. In our edits we no longer included zipped files to make it easier for the reader to follow.

3.3.1.: Authors do not mention where the GTF file is obtained from, and what to do if only genome fasta file is available, but not the GTF annotation.

We address this in the discussion and supplemental material.

3.3.2. I suggest that Input is denoted as "a pair of mated FASTQ files per sample and location of STAR genome index", and Output - as "one sorted BAM file per sample".

We changed this (now in the supplemental).

3.3.3.: Is the genome.gtf file used for StringTie the same as gtf_file.gtf used in the step 3.3.1.?

3.3.4.: I suggest that on line 167, "StringTie gtf files for each sample" is better replaced with "gtf files generated by StringTie for all samples".

We made this change.

3.4.1.: Please separate cat command by placing it on a new line. Authors recommend to include the smallest possible number of samples per experiment - which ones would they recommend choosing - the most deeply sequenced, moderately deeply sequenced or the least deeply sequenced?

We removed this recommendation as it was confusing.

3.4.2.: Is "out" the name of the default output directory for this command line? The sentence on line 186 is phrased in somewhat confusing way, please re-phrase.

We now include $OUT to let the reader know it is variable what they decide to name their output.

4.1.: Indicate which version of Blast2GO was used, and what Trinotate version authors tested as an alternative.

Done.

4.1.1.: Where are GO annotations obtained from? Do they come together with Blast2GO or they should be downloaded separately? In the latter case, please make sure that video and manuscript feature instructions about how to download the annotations.

This is now in the manuscript.

4.2.1.: "genome or transcriptome fasta" can be phrased as "genome or transcriptome FASTA file represented by genome.fa file (or replace with a variable, as in General Suggestion #5)"

Line 225, "ids" should be "IDs"

We replaces all instances of fasta to FASTA and ids to IDs.

5.1.2.: It is not clear, what manually corrected index is - is it represented by pseudogene.fa file? I would use a different name (or a variable) for that file to not confuse readers. Also, I think it would be helpful to provide an example for this step on a figure, or even include it into the video.

We include a supplemental figure now and more details in the supplement.

6.2., 6.3.: In the Discussion section, please comment on the parameters selected and what other parameter alternatives can be used at these steps.

We mention this in supplemental materials.

7.4.: What do authors mean by "To visualize individual genes of interest, calculate and normalize TPM from counts matrix"? Please re-phrase or elaborate.

Do authors suggest using normalized read counts in TPM or raw counts as an input for EdgeR?

Line 373: Authors did not indicate in the protocol, how the graph was made with ggplot.

We include this at the end of the protocol.

Figure 4: Labels on the left of are illegible. What is the purpose for presenting Figure 4? I do not think that heat map adds any information to the presented results, and can be removed.

We removed figure 4.

Figure 5: In the legend, please indicate which datasets were used as a source for each panel.

Lines 451-452: "qPCR, RT-PCR" can be replaced with just "RT-qPCR" to avoid redundancy in the text.

Done.

