Submission ID #: 50975
Editor Name: Peggy Kruse
Videographer name:
Film Date: 
Authors and Affiliations: Damien M. O’Halloran, Department of Biological Sciences and Institute for Neuroscience, George Washington University

Title: A Practical Guide to Phylogenetics for Non-Experts

Corresponding Author: Damien M. O’Halloran, damienoh@email.gwu.edu 
Co-authors:

Authors, please fill out the brief questionnaire below.   

A.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 
B.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____________Step 2_____________
C.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ________Be careful when writing commands in Windows or MAC Terminals as commands must be exact or they will return error codes, and if in doubt copy and paste the command to avoid errors______________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  


Procedural Narrative:
The overall goal of this article is to reconstruct a reliable phylogenetic tree from DNA or Protein sequences (Intro).

This is accomplished by first identifying similar sequences using BLAST programs at NCBI. (P1: Video Editor: Use the upper image of Graphical Overview ver 2.pptx, but split it up into four rows of data. Start with just the row labeled “unknown” showing.  At “identifying similar sequences,” add the rows for Protein A, Protein B, and Protein C (in that order and all separated by more white space than showing now.)

The second step is to align similar sequences. (P2: Video Editor: Have the four rows move to align in the following order: Protein B, Protein C, unknown, Protein A – in other words, they end up looking like the upper image in Graphical Overview ver 2.pptx.)

Next, the best-fit model of evolution is determined from the alignment. (P3: Video Editor: Fade from the upper image in Graphical Overview ver 2.pptx to upper image of Graphical Overview.pptx – in other words, add the colored boxes in.)

The final step is to infer the phylogenetic relationship from the aligned sequences. (P4: Video Editor: Have the lower image from Graphical Overview.pptx appear and have most of the upper image disappear except for the Protein B, Protein C, unknown, and Protein A labels.  Have those labels move down and become the labels on the right of the lower image.)

Ultimately, the step by step pipeline is used to show  how users can go from sequence data to reliable phylogenies. (P5: Video Editor: start with Figure 4, and at “reliable phylogenies” switch to Figure 12)


Use Graphical Overview ver 2.pptx and Graphical Overview.pptx
[image: ]

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name Damien O’Halloran: This method can help answer key questions in diverse fields, by inferring identity and function to novel sequences.  


Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Basic Local Alignment Search Tool (BLAST): Online Interface 
2.1. To use the online version of the Basic Local Alignment Search Tool, or BLAST, navigate to the National Center for Biotechnology Information, or NCBI’s, BLAST web server. Click on the appropriate Blast program, for example, “Protein Blast”.
2.1.1. [bookmark: _Ref364885101]WID: Talent walks to the computer and sits in front of it. (Take multiple shots, this will be reused) (TEXT: BLAST: Basic Local Alignment Search Tool)
2.1.2. MED over the shoulder: Talent looking at NCBI BLAST web site on the monitor. (TEXT: NCBI: National Center for Biotechnology Information) 
2.1.3. LAB MEDIA: Figure 1: (Video Editor: Please add red circle around the “Protein Blast” option in the lower left corner.)  (TEXT: http://blast.ncbi.nlm.nih.gov/Blast.cgi) 
2.2. Input a FASTA formatted text sequence, such as the one shown here, into the query box. 
2.2.1. LAB MEDIA: Figure 2
2.2.2. SCREEN: Screen capture showing the FASTA sequence being pasted into the query box. [VIDEO 1]
2.3. Click the appropriate BLAST program for use in the search, and then click “BLAST.” The output is in HTML format by default and displays the most similar sequences to the input text sequence.
2.3.1. SCREEN: Screen capture showing an appropriate BLAST program being clicked, and then “BLAST” is clicked. [VIDEO 1]
2.3.2. LAB MEDIA: Figure 3. (2nd sentence)
2.4. The next section covers using a local BLAST executable on Windows. Mac users can skip to the following section called “BLAST: Local Executables for Macs.”
2.4.1. MED: Talent stands next to two computers, one Windows and one Mac (or stretches or continues to type or drinks some water or ...)
3. BLAST: Local Executables for Windows
3.1. To run the BLAST command-line program on a Windows machine, download the appropriate Windows executable from the NCBI BLAST website.
3.1.1. MED over the shoulder: Talent sitting at a Windows machine, bringing up a browser window.
3.1.2. SCREEN: Screen capture showing the cursor clicking the download button for a Windows version of BLAST. (TEXT: ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/ - ) [VIDEO 2]
3.2. After installing the BLAST program, configure the PC environment variable as follows: Click the PC’s “start” button and right click “computer,” then click “Properties.” In the new window, select “Advanced System Settings,” and in the “Advanced” tab of the new pop-up, click the “Environment Variables” button. 
3.2.1. SCREEN: Screen capture of clicking the PC’s “start” button, then right clicking “computer,” then clicking “Properties.” [VIDEO 3]
3.2.2.  SCREEN: Screen capture: clicking “Advanced System Settings,” selecting the “Advanced” tab of the new pop-up, then clicking the “Environment Variables” button. [VIDEO 3]
3.3. Then, under the “User variables for user” section, click the “New” button. In the new pop-up, add the variable name “Path” and the variable value shown here.
3.3.1. SCREEN: Screen capture showing the “New” button being clicked and the Path and variable value being entered. (Optional TEXT: Variable value: “C:\ncbi-blast-2.2.27+\bin) (Video Editor: Here and throughout this shotlist, when it says “Optional TEXT,” that means to only add the TEXT if the information is not obvious in the screen capture)
3.4. Next, download a preformatted BLAST database, which are updated daily, from the NCBI website or a genome for a particular organism.
3.4.1. SCREEN: Downloading a BLAST database from the NCBI BLAST website. (Optional TEXT:   ftp://ftp.ncbi.nlm.nih.gov/ )  [VIDEO 4]
3.5. Then, open an MS-DOS prompt by clicking “start” and typing “cmd” in the search bar and change to the ncbi-blast folder.
3.5.1. SCREEN: Talent opening an MS-DOS prompt and changing to the NCBI database folder:
>cd ..
>cd ncbi-blast-2.2.27+> [VIDEO 5]
3.6. Create the database using the “make blast D-B” command shown here. 
3.6.1. SCREEN: Talent making the database with the “makedb” command. (Optional TEXT:  >makeblastdb –in db/briggsae.fasta –dbtype prot –out db/briggsae) [VIDEO 5]
3.7. Create a query protein sequence called “test” by inserting a FASTA formatted protein text sequence into the “D-B” folder.
3.7.1. SCREEN: A FASTA formatted protein text sequence, called “test,” is inserted into the “db” folder. [VIDEO 6]
3.8. Then, to identify the most similar sequences to the “test” protein, interrogate the database via a “blast-P query” command. 
3.8.1. SCREEN: The blastp –query command is entered.  [VIDEO 7]
3.9. The following section repeats this information for Mac users. Windows users can skip to section 5, ”Generating Multiple Sequence Alignments.”
3.9.1. [bookmark: _Ref364926529]WID: Talent gets up and walks away from the computer. (Multiple takes, this will be reused)
4. [bookmark: _Ref364923403]BLAST: Local Executables for Macs
4.1. To run the BLAST command-line program on a Mac, download the appropriate Mac executable by remotely accessing the NCBI ftp site.
4.1.1. MED over the shoulder: Talent sitting at a Mac, bringing up a browser window.
4.2. To do this, open “Finder” and search for “Terminal.”   In the terminal window, type the ftp command for the NCBI ftp site. 
4.2.1. SCREEN: Screen capture showing the Finder search for “Terminal.” Then in the terminal window, “>ftp ftp.ncbi.nih.gov” is entered. (Optional TEXT:   >ftp ftp.ncbi.nih.gov) [MAC VIDEO 1]
4.3. Type “anonymous” for Name and Password, and then type “C-D blast slash executables slash latest.”
4.3.1. SCREEN: Screen capture showing entering anonymous for the ftp name and password, then typing >cd blast/executables/LATEST [MAC VIDEO 1]
4.4. List the executables by typing “L-S” … and download the latest version that matches your system requirements by typing the following: [Text: >get ncbi-blast-2.2.27-macosx.tar.gz].
4.4.1. SCREEN: typing “ls”, then selecting the lastest Mac OS executable [MAC VIDEO 1]
4.5. Then, exit the NCBI ftp server site by typing “exit”. 
4.5.1. SCREEN: Talent types “exit” to exit the NCBI site.
4.6. Next, decompress the downloaded files.
4.6.1. SCREEN: downloaded files are decompressed with the command “>tar -xzf ncbi-blast-2.2.7-macosx.tar.gz” [MAC VIDEO 2]
4.7. Now, add the location of the binaries for the blast executable to your path so that the shell can search through this directory when looking for commands. 
4.7.1. SCREEN: Screen capture showing the addition of the blast executable to the path (Optional TEXT:   >PATH=$PATH:new_folder_location) [MAC VIDEO 3]
4.8. Download a preformatted BLAST database or a genome from the NCBI website …  search the genomes directory by typing “C-D genomes” 
4.8.1. SCREEN: From the NCBI website, Talent clicks on a BLAST database to download it. (Optional TEXT:   ftp://ftp.ncbi.nlm.nih.gov/) [MAC VIDEO 5]
4.8.2. SCREEN: Then “>cd genomes is entered followed by “>ls” [MAC VIDEO 5]

4.9. Then download the genome or sequence of interest by typing the “get N-C underscore” command … and then type “quit” to exit the ftp site.
4.9.1. SCREEN: Screen capture showing the “>get NC_[Accession #].faa “ being entered, then “quit” being typed. (Optional TEXT:   >get NC_[Accession #].faa) [MAC VIDEO 5]
4.10. Next, make the database by typing the “make blast D-B”  instruction.
4.10.1. SCREEN: Screen capture showing the “>makeblastdb -in db/mouse.faa -out mouse -dbtype prot” text being entered. (Optional TEXT:   >makeblastdb -in mouse.faa -out mouse -dbtype prot) [MAC VIDEO 5]
4.11. Insert a FASTA formatted query sequence into the “bin” folder and interrogate the database with the “blast-P query” command to find the most similar sequence to the test sequence data.
4.11.1. SCREEN: Screen capture showing the “:   > blastp -query “your query.fasta” -db ”your database” -out results.txt “ text being entered. (Optional TEXT:   > blastp -query “your query.fasta” -db ”your database” -out results.txt) [MAC VIDEO 5]
5. [bookmark: _Ref364924470]Generating Multiple Sequence Alignments
5.1. Among the commonly used Multiple Sequence Alignment, or MSA, programs is T-Coffee. After inputting FASTA formatted sequence data into the query box at the T-Coffee site, the output indicates similar residues by the color coding.
5.1.1. Reuse 2.1.1
5.1.2. SCREEN: At the T-Coffee site, Talent inputs FASTA formatted sequence data into the query box (Optional TEXT: http://tcoffee.crg.cat/apps/tcoffee/do:regular)  [VIDEO 8]
5.1.3. LAB MEDIA: Figure 5 (Video Editor: Show this with “… the output indicates …”)
5.2. Another commonly used MSA program is the Clustal MSA, which can be downloaded as a command line version, Clustal W, or a graphical version, Clustal X, for various operating systems. 
5.2.1. SCREEN: From the Clustal website, Talent selects either ClustalW or ClustalX to download, then selects an operating system. (Optional TEXT: http://www.clustal.org/clustal2/) [VIDEO 9]
5.3. Next, load the data to the Clustal program as FASTA formatted sequence text by selecting the File tab, then clicking the “Load sequences” button. Now switch to the Align tab and click the “do complete alignment” button to align the sequences.
5.3.1. SCREEN: In the Clustal program, Talent selects the File tab, then clicks the Load Sequences button. Talent then switches to the Align tab and clicks the “Do complete alignment” button. [VIDEO 9]
5.3.2. LAB MEDIA: Figure 6

6. Determining Best-fit Models of Evolution
6.1. For a best-fit model of evolution, download the ProtTest program.
6.1.1. [bookmark: _Ref364885207]MED: Talent sitting at computer, typing on keyboard (take multiple shots, this will be reused)
6.1.2. SCREEN: Talent clicks the download button on the ProtTest website (TEXT: http://darwin.uvigo.es/our-software/) [MAC VIDEO 6]
6.2. Once ProtTest is downloaded, double-click on “ProtTest.
6.2.1. SCREEN: Double-clicking ProtTest. [MAC VIDEO 6]
6.3. Once ProtTest is launched, click on “select file” in the alignment box to load the sequence data. 
6.3.1. SCREEN: Talent clicks “Select file” in the alignment box at ProtTest (or use Figure 7) [MAC VIDEO 6]
6.4. Then click “start” to run the program. After completing the run, the program indicates the best model based on the criteria.
6.4.1. SCREEN: Talent clicks “start” at ProtTest. [MAC VIDEO 6]
6.4.2. LAB MEDIA: 50975_OHalloran_Figure 8.pptx. 
7. Inferring Sequence Based Phylogenies by Maximum Likelihood or Bayesian Inference
7.1. For inferring sequences, after downloading and launching PhyML, load the input sequence as a PHYLIP formatted sequence by typing the filename and “dot P-H-Y”. Then launch the program by typing “Y”.
7.1.1. Reuse 6.1.1 
7.1.2. SCREEN: Screen capture of talent launching PhyML and typing ”<file name>.phy” to load the input sequence, then launching the program by typing “Y.” (TEXT: Download PhyML from https://code.google.com/p/phyml/) [VIDEO 10]
7.2. After downloading a Bayesian inference program from the MrBayes website, start the program by clicking on the executable file. Then read NEXUS formatted sequence data into the program by typing “execute filename dot N-E-X.
7.2.1. SCREEN: At the MrBayes website, Talent clicks to download a Bayesian inference program. (TEXT:  http://mrbayes.sourceforge.net/download.php) [VIDEO 11]
7.2.2.  SCREEN: Talent launches the Bayesian inference program and types in “>execute “file name”.nex”. [VIDEO 11]
7.3. Next, set the evolutionary model, and select the number of generations to run	.
7.3.1. [bookmark: _GoBack]SCREEN: Talent sets the evolutionary model and sets the number of generations to 1,000,000 2000 (I RAN FOR 2000 GENS SO THAT THE VIDEO WOULD NOT BE TOO LONG e.g 1,000,000 takes ~day) [VIDEO 11]
7.4. After running the analysis with the “m-c-m-c” command, summarize the trees using the “sum t” command.
7.4.1. SCREEN: Talent kicks off the analysis by typing the “mcmc” command, and then enters the “sumt” command to summarize the trees. [VIDEO 11]
8. Visualizing Phylogenies
8.1. To view a phylogenetic tree, download the TreeView program. 
8.1.1. SCREEN: Talent select the TREE View program to download (TEXT: http://taxonomy.zoology.gla.ac.uk/rod/treeview.html)
8.2. As a final note, there are constant releases of new software aimed at providing better alignments, similarity predictions, or phylogenetic trees. While the overview in this video covered popular programs, the viewer is encouraged to explore additional options.
8.2.1. Reuse 3.9.1
9. Results: Similarity Searches, Alignments, Determining Best-Fit Models, and Reconstructing Phylogenetic Trees  
9.1. The BLAST algorithm performs "local" alignments, which searches for short stretches of sequence similarity. After the algorithm has looked up all possible "stretches" from the query sequence and maximally extended these sequences, it then assembles alignments for each query sequence pair. 
9.1.1. LAB MEDIA: Figure 4 (Video Editor: In figure 4, at “short stretches of sequence similarity” highlight the block of text starting at “Sequences producing significant alignments” and going through the final row “gi | …………….25.8    9.4”  
At “it then assembles” unhighlight the block of text and only highlight the first gi row (“gi … … 229  2e-077”))
9.2. The E value gives an indication of the statistical significance for a match. The lower the E-value, the more significant the hit, for example a sequence alignment with an E-value of 0.05 means that the likelihood of this match occurring by chance alone is 5 in 100.The bit score uses a specific scoring matrix to provide an indication of how good the alignment is. The higher the bit score, the better the alignment.
9.2.1. LAB MEDIA: Figure 4 (con’t). (Video Editor: Starting w/ the first “gi” row highlighted (as at the end of 9.1.1), unhighlight that row and highlight the “E value” and the column of numbers below it (far right column).  At “The bit score uses …,” unhighlight the E value column and highlight the “Score (Bits)” text and column of numbers (second column from right).
9.3. A Multiple Sequence Alignment, or MSA, is a sequence alignment of three or more primary sequences composed of amino acids, DNA, or RNA. The output from the MSA “T-Coffee,” seen here, color codes similar residues.
9.3.1. LAB MEDIA: Figure 5
9.4. A sample alignment of six protein sequences aligned using ClustalX is shown here. ClustalX allows manual reﬁnement of alignments, which are often superior to fully automated methods.
9.4.1. LAB MEDIA: Figure 6  (Video Editor: At “six protein sequences,” point to each of the six lines, one at a time, in rapid succession. 2nd sentence, zoom in to a mid-section of the color letters so that lots of matching colors (vertically matching) can be read clearly.)
9.5. For amino-acid alignments, the program ProtTest is used to determine the selection of best-fit models of amino acid replacements within the data. The program lists the models as they are being analyzed and displays the best-fit after completion of the program.
9.5.1. LAB MEDIA: Figure 8 (Video Editor: Highlight the middle section with the six “Models ….” listed for “The program … analyzed,” and highlight the “Work progress (model: 7/112) and its progress bar at “displays a progress bar.”)
9.6. PhyML estimates maximum likelihood phylogenies from alignments of nucleotide or amino acid sequences. It incorporates a large number of substitution models coupled to various options to search tree topology space.
9.6.1. LAB MEDIA: Figure 10 (Video Editor: Zoom in to the Menu: Input Data and 7 choices below it for the 2nd sentence.)
9.7. MrBayes utilizes Bayesian MCMC inference across a number of evolutionary models to reconstruct phylogenetic relationships. Once the program is running, progress can be viewed in specific intervals, as shown here.
9.7.1. LAB MEDIA: Figure 11 (TEXT: MrBayes)
9.8. Once a phylogenetic tree is generated, the topology needs to be visualized. In this figure, the TreeView window displays a sample tree of proteins from Flybase.  TreeView includes a tree editor that allows the user to move branches, re-root trees, and rearrange the appearance of the tree.
9.8.1. LAB MEDIA: Figure 12 (TEXT: http://flybase.org/)


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


10. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

10.1. Author name Damien O’Halloran: While attempting this procedure, it’s important to remember to read thoroughly the user guides for each program. This protocol provides a practical starting point to introduce the user as to how these programs work, however, I encourage the reader to play around with and become familiar with the many settings associated with each program.
       

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments
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