From Sequence to TreeSAAP
Downloading sequences from NCBI is a simple task, but locating your sequences can sometimes be taxing.  Running multiple analyses necessary to export files into TreeSAAP can be likewise an aggravating process.  This step by step tutorial is intended to provide guidelines for a possible way of going about this process.

The easiest way to describe this process is in terms of the Scientific Method.  In reality, the steps you take to mine data and analyze it fall completely into the “observation and exploration” phase.  During this time, you retrieve “specimens” from the environment (genetic sequences), monitor their “behavior” (evolution of amino acid properties) and ask questions about your findings.  This is in no way different from the tedious steps that “wet lab” scientist takes to observe, record, and analyze data and is analogous to using computer equipment to track the flight patterns of bees, analyzing the resultant data, and asking questions about your observations.  We assume here, that all sequencing of tissues has already been accomplished (either by yourself or as part of a data mining project).    For the sake of brevity, this tutorial covers these basic principles:

Observation

Caption

Analysis

Extrapolation

This first step is always observation.  Using NCBI and monitoring possible areas of research is a form of observation.  Also, PDB, Entrez, and other databases are possible areas of observation.

The second step is caption, or in other words, collection.  This process usually will take place online and with a few programs on your desktop.  It includes: finding homologous sequences, downloading them, and aligning them.  Programs used in these processes include: Mega3, Clustal, Alignment Helper, Mesquite, etc...

After your sequences are aligned, they can be analyzed using various statistical evolutionary models.  Such analysis programs include (but are not limited to): MrBayes, PAUP, ModelTest, etc.  When all the necessary and desired analyses are completed, your alignment can be run through TreeSAAP.  This program uses statistical molecular evolution models and Trees to produce analysis of positive Selection based on Amino Acid Properties (hence the Tree and SAAP).  

After TreeSAAP has produced the desired output files, further analysis will produce linear sequence data which can be superimposed on 3D structure of proteins, thus aiding in structural and functional analysis and future projects.  At this stage, one can begin to really ask questions and learn about the nature of the protein at hand.  This task may seem tedious, but in reality it is simple and can be extremely rewarding.

First things first – Observation

Right here I could bore you with the details that all great scientists and researchers of ages past used the greater part of their lives just sitting and looking at nature to observe/ collect data about their surrounding environments.  Even though, as Isaac Newton states “I have seen father when standing on the shoulders of giants,” he himself still had to observe the proverbial “apple falling on his head” in order to realize the wonders of gravity and physical motion.  Rather than give a full-scale lecture on the importance of observation, I’ll cut to the chase and just inform you that it is important.

NCBI

The NCBI website is a great tool and is useful in providing material for further analysis.

Here, you can search scientific literature, scholarly papers, find sequences, and do lots of observation or “background research” on your desired project.  Type in your desired sequence or protein name, and begin your search.  This time, I’ll type in alpha hemoglobin.

The search engine has found thousands of references to the alpha subunit of the hemoglobin complex.  Links here include many databases that are extremely helpful, but for speed and simplicity, I’ll just click on the “Gene” link next to the chiasmic chromosome icon (For more information on the search engine page, see the “Entrez” section below).  The number refers to the number of references (AKA “hits”) a particular database has to the given item.

Again in brief summary, this is the first link that came up (it will not always be so simple) and it displays a summary of information relating to -subunit of the hemoglobin structure.  This information includes the symbolic name, host species, other known aliases, locus, and ID number (other summaries may have different information).

The upper right hand corner has a list of links to multiple other resources, but we’ll just follow the HBA1 hyperlink.

The first data that we see are gene and genomic information (which are all very helpful), but we are currently looking for the Reference Sequence (denoted by the RefSeq Below hyperlink).  Click on the link, and it will take you to the bottom of the page.

The first sequence refers to the actual gene sequence (which includes non-coding, pseudo gene, and other functional domains of the gene, and the second listed reference is a link to the mRNA sequence.  This is the sequence of greatest current import although others are extremely useful, so click on it and it will take you to the GenBank file.

 Entrez – Search Engine

The Entrez search engine searches a wide collection of  databases.  Each of these is useful and important for different purposes.

Pub Med is the Publication superhighway.  This link takes you to every reference regarding your topic that is on file, and Pub Med Central will take you to the free full-text references.

The Books link has may plain-speak references such as text books, etc to assist both academic and commercial researchers develop better general understanding of biological topics with which they are unfamiliar.  This is a relief from the sometimes from the technical and vocabulary heavy academic literature.

OMIM is the best place to begin research for almost any issue relating to human inheritance, disease, and almost any other information about humans and their closest relatives - mammals and other vertebrates.

Most of the other links are self-descriptive, and all well worth putting time put into finding out what they can do for you.

PDB.org – Protein Database
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The PDB is a popular European database which stores computer and mathematically generated images of known proteins.  These images are very helpful in elucidating much of modern science’s understanding of protein structure and function.  Protein structures are helpful for phylogenetic research and will appear later on, after the analysis with TreeSAAP is completed.  In the left-hand column, you will see a link to the PDB beta site.  The beta site has lots of new, comprehensive information on any of the known protein structures, and is much more user friendly than the current site.  However, both sites are adequate to meet most basic needs.
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HighWire is an exhaustive and comprehensive search engine for scholarly literature.

CMS MBR – Another starting point
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CMS’s page has many links to outside sites, and is another great place to start a search.

Google – the Über-usable search engine
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Most people don’t realize it, but this seemingly simple search engine has a lot of bang.  If you click on the “more” link…[image: image5.png]Google Services

Alerts
Receive news and search resuls via email

Answers
Ask a question, set a price, get an answer

Catalogs
Search and browse mail-order catalogs

Directory
Browse the web by topic

Froogle
Shop smarter with Google

Groups
Create mailing lists and discussion groups

Images
Search for images on the web

Labs
Try out new Google products

Local
Find local businesses and senices

Zf Maps
View maps and get directions

)/ Mobile
Use Google on your mobile phone

News
Search thousands of news stories

Print
Search the full text of books

Special Searches
Search within specific topics

University Search
Search a specific school's website

v
j Scholar

Search scholatly papers
=

Web Search
Search over 5 billon web pages

Web Search Features
Do more with search




You’ll notice that I’ve boxed an interesting link in red.  This is a scholarly literature search engine not unlike the HighWire one, just not as exhaustive.  Besides that, simply “Googling” any topic you’re searching for is a very effective way of finding a jumping off point.

Caption – the Butterfly net

Collecting data is no walk in the park, and can be vexing at times, especially if you’re looking up the wrong data.  Unfortunately, there is neither time nor space to exhaustively cover all the possible setbacks one can run into while trying to catch the proverbial butterflies of scientific endeavor, but hopefully a simplistic explanation of this process will safeguard the inexperienced from too many failures.  Research is hardly perfect – as no true science is an “exact science” – and in pure research many of us have to figuratively “try 2000 times to design a light bulb” in order to get it right.

As much as I’d like to be general in this section, it is basically impossible due to the amount of possibility to stray from the topic.  Sufficeth to say, for our purposes, this process consists of 8 steps:

1. Obtain sequences in FASTA format.

2. Upload FASTA file into alignment program and perform alignment.

3. Save the alignment file in NEXUS format and attach a ModelTest block to the end of the file.

4. Run the file through PAUP once.

5. Run the scores file produced by PAUP through ModelTest (GUI or command line) to determine the best model.

6. Remove the ModelTest block from your NEXUS and replace with a PAUP block.

7. Append the PAUP block with the MT scores line.

8. Re-run this file through PAUP to obtain a tree file.

9. Replace the PAUP block with the resultant tree file.

10. This file is ready to be used in TreeSAAP.

Now for the nitty-gritty – the “how to.”

1. Obtain Sequences in FASTA Format

GenBank – the gene link

The GenBank file is a large file containing references to gene information, as well as information concerning the contributing authors and parties.  The sequences here often contain introns, poly a tails, and other non-coding nucleotides, but we are only interested in the Coding Data Sequence (CDS – some sequences do not have CDSs in these cases, other measures will need to be taken).  Scroll down to the CDS link and click on it.  It will remove the non-coding data.  At the top of the refreshed CDS GenBank record is a button titled “Display”.  Adjust the menu options to FASTA, and click the button.

Now you are left with a clean sequence that can be loaded into any analysis program, or used to BLAST (a search in NCBI) for other homologous sequences.

Our next step is to do a BLAST search, so copy the text from the > until the stop codon, and click on the NCBI link in the upper Left hand corner of the web page.  From the home page, click on the BLAST link along the top menu bar, and then the Nucleotide-nucleotide BLAST link.

Paste your sequence into the search box and click “BLAST!”

The Search page will provide you with sufficient instructions, but for the sake of not giving enough information, just click the “Format!” button.

The Search page will have lots of data, and there are many varieties, but for know we will just scroll down to the sequences and begin following the same process as before, getting the CDSs and FASTA files*.  FASTA files are unique in that they can be exported as straight text files for easy-access editing.

If you are simply downloading sequences without an interface like MEGA, FASTA format is simple:

>Title


Sequence (Can be hard-returned or all on one line)


>Title


Sequence (Can be hard-returned or all on one line)

A sample file would look like this:

>Homo_sapiens

ATGCTGCCCGGTTTGGCACTGCTCC…

>P__troglodytes_amyloid_beta_

ATGCTGCCCGGTTTGGCGCTGCTCCTGCTGG…

>M__fascicularis_amyloid_b_pr

ATGCTGCCCGGTTTGGCACTGCTCCT…

>S__scrofa_APP

ATGCTGCCCGGTTTGGCACTGGTC…

>C__familiaris_beta_amyloid_p

ATGCTGCCCGCTTTGGCGCTGGTCCTGCTGG…

Obviously, these sequences have been truncated, but you get the general idea.  FASTA format should have ABSOLUTELY NOTHING except for letters and ”_” in the title, if there are any other symbols, be sure to find them and remove them.  Try to keep the title to around 15 characters (this is not always reasonable).  Also, make sure that none of the names are repeats.  Do not use the find/replace feature to replace “-“ with underscores, as this will also find dashes in the sequence.  The dashes in the sequence are actually important, and usually signify gaps in aligned sequences (if there are none do not worry).

*If you are using the Web Browser tool in Mega3, all you need to do is click the Add to Alignment button in order to add sequences to your alignment file.
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2. Upload FASTA file into alignment program and perform alignment.

MEGA3
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Mega3 is a program which allows the user to import DNA or Amino Acid (hereafter AA) sequences, align them, and export them as FASTA files.  The functions and outputs are many, but for our purposes, we will focus on just one aspect of Mega’s functions.

To use Mega3 from scratch (which is arguably simpler than creating a text file from online sequences), run MEGA3 from your desktop and select Alignment from the menu bar and click on Alignment Explorer/Clustal.  Of the options given in the next window, select Create a new alignment and click OK.  The next window will ask you to click yes for DNA and no for Protein data, click yes.

Now, your alignment is ready to be set up.  From the menu bar on top, select Web and then Show Browser.  From here, the process of setting up your file is the same as stated in the GenBank section above, except that you will simply click the Add to Alignment button to add the sequence into your alignment file.

If you are using MEGA to do the alignment, click on the Translated Protein Sequences tab (right next to the DNA Sequences tab) to translate the sequences.  Before you try to align these sequences, you really need to make sure that there are no stop codons or question marks (?).  If there are problems, you will need to adjust your sequence by adding or eliminating gaps, and getting your sequence into the right reading frame.  When this is all completed, go to Alignment menu, select Align by ClustalW.

If all else fails, remember that genetic data is sensitive and must be in the appropriate reading frame.  If this subject evades your grasp, consult with a more advanced student or professor.

In order to use this file elsewhere as a FASTA file (with or without aligning it), go to Data > Export > FASTA.

CLUSTAL (X or W)
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Clustal is a useful tool for aligning your sequences, and has the option of exporting these files in multiple formats.

Begin by clicking File on the menu bar and selecting Load sequences.  Browse the computer for your FASTA file, and click OK.  Since your sequence SHOULD be in the RIGHT reading frame, you are now ready to align.

From the Alignment menu, select Do Complete Alignment.

3.  Save the alignment file in NEXUS format and attach a ModelTest block to the end of the file.

Now, depending upon the future use of this file, you will want the file to be saved in so different outputs.  In order to do this, Click File > Save Sequences As… and select your desired format.  For out purposes, select NEXUS.

Analysis

PAUP

PAUP stands for Phylogenetic Analysis Using Parsimony.  It is useful in that it will take raw files (with some extra commands) and calculate phylogenies based on the commands you give it.

This next section is sticky, and may take some time to get perfect.  First, you need a ModelTest block.  This is a command-line algorithm which helps PAUP determine which evolutionary model is needed to adequately analyze this data set.  All you have to do is open the text file with the ModelTest block, and then copy and paste it onto the end of your sequence with only one hard return between your sequence data and the block.

4.  Run the file through PAUP once.
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After inserting the block, run the file through PAUP (you’ll probably be using a remote Linux platform through SSH).

To run PAUP from the command line, all you have to do is be in the right directory and enter: paup –n <your file name>.

To run PAUP from the GUI, just open up PAUP and select the appropriate file.  PAUP will pretty much just run from here.

After running PAUP, there will be an output file named model.scores.  You can change the name of this file to be whatever you wish, so long as the .scores extension remains.  

For PC:

Move this file to the C Drive.  The ModelTest Program will only accept files in this folder.

For Mac:

ModelTest will accept the file no matter where it comes from.

5. Run the scores file produced by PAUP through ModelTest (GUI or command line) to determine the best model.

MtGUI (PC)

Move your PAUP file to the C Drive.  The ModelTest Program will only accept files in this folder.  Magi are run by opening (double clicking) the executable file and opening the file.  Next you select the “Model Test!!!” button.  When that is complete, you add the new block onto your NEXUS file by clicking the “Edit NEXUS file” button.

ModelTest (Mac)

[image: image10.png]Modeltest3.6.mac.app

Quit

o
Argument:
Cauit)

@ Console @ Console

OFile OFile




ModelTest is extremely simple here.  Once the program is open, click the “File” radio button on the left and browse to select your file.  Next click the “File” radio button on the right, browse to an appropriate location, and type in the file name of your choosing (keep the .out file extension).

6. Remove the ModelTest block from your NEXUS and replace with a PAUP block.

Next, go to the end of your NEXUS file and remove the ModelTest block; save it under a new name, as you will want the old file so you can track any mistakes you may have made in the process.

In the “Blocks” folder there should be a file titled “PAUP block”.  Copy the text and paste it onto the end of you file.

7.  Append the PAUP block with the MT scores line.

The ModelTest run will give you a file titled <name>.out.  This out file takes the scores file and keeps only the most important information.  There will be a section of the file indicating that some PAUP data is at that location of the file.  It should be obvious as it is only one line long.  Copy and paste this onto your PAUP block where it says [Model Test Parameter].  Make sure to change the <insert file name here> sections of the PAUP block to your desired file name. 

8.  Re-run this file through PAUP to obtain a tree file.

PAUP x2

For the last PAUP analysis, run the NEXUS file with the appended blocks*. This will yield two files:  a .log and a .tree file.  The log file is nice for looking at the program’s course.  It is not useful for our purposes, but is convenient for advanced troubleshooting.

*At this point, the program tends to demand a lot of processor capacity.  It is recommended that you run it through a remote platform or distributive processing network as this will likely take a long time - the time grows exponentially with size of data set, i.e. hours.

9.  Replace the PAUP block with the resultant tree file

The <name>.tree file is a catalogue of the PAUP run’s resultant tree.  It provides a very accurate depiction of how the tree should be structured, based on the provided by the other analyses.  This file is a block and needs to replace the PAUP block on the end of your nexus file.  Perhaps renaming the nexus file will be useful for monitoring the changes made to your file as time has gone on.  There is commented data that can/should be deleted so as to avoid any data confusion with TreeSAAP.  This data is deliminated by [ ]. 

10.  When all is completed, your file is ready to be loaded into TreeSAAP.

From here on out, you’re on your own.  You have made it through a proverbial jungle of digital data, and now you’re ready to get down and really analyze this stuff!

