Neuroscience and Behavior 201

Spring 2009

Laboratory Module 3: Expression of gerontogenes in neurons: A comparative genomic approach to studying the role of the nervous system in lifespan/aging

This four week laboratory module will introduce you to the current strategies for exploring complex, multi-dimensional research questions, including the use of the model organism C. elegans and the use of bioinformatics and genomics approaches to begin to refine and define those complex questions. We are interested in our course in understanding the relationship between nervous system activity and aging/lifespan determinations. An intriguing, almost philosophical question of interest to neuroscientists is why/how we age. In class, we are discussing some of the major theories of aging. We know that psychological and physiological stress can influence how we age, implying that the brain is in fact involved in aging. Research on aging in C. elegans has revealed a subset of genes that seem to regulate lifespan. These genes are expressed in neurons and may play a role in responding to various environmental stressors like food deprivation or heat shock (Lithgow et al, 1995; Miller et al, 2007). In this laboratory module, we will explore several of these genes, using both behavioral and genomic approaches. 

Learning Goals and Expectations:

Goals for this module:

1. Thoroughly investigate a candidate gerontogene using a bioinformatics analysis. You will use major web-based databases, including WormBase and the NCBI databases to generate a bibliography of relevant primary articles on your gene. You will evaluate these articles and construct your own assessment of the function of the candidate gene in C. elegans and other organisms in which it is expressed.

2. Design and carry out a behavioral-level experiment using worms mutant for your candidate gene and wildtype worms. Based on a primary research article by Yang and Wilson (2000), in addition to articles you have identified with your independent research, you will design and carry out an independent experiment. Some ideas might include: assessing behavioral responses to stimuli or conditions governed by the neurons that express your candidate gene (locomotory activity, chemotaxis, mechanosensation, egg-laying, etc), assessing resistance to heat shock (thermotolerance assay), determining ability to form dauer larvae, comparing number of offspring of each genotype, etc. Depending on the experiment you choose to do, you may need to come into the lab at various times other than our scheduled time. You will need to submit your experiment plan prior to conducting the experiment. It will be important that your experiment can be completed within a two-week timeframe.

3. Conduct a multi-species comparative genomic analysis of your candidate gene. You will use BLAST tools to construct a file of protein sequences from 10 different taxa and will then align these sequences and evaluate similarities and differences among the sequences. This protein-level analysis will provide important information about highly conserved regions of the genes that may shed light on possible functional similarities. Then, using your sequence alignment, you will construct a “phylogenetic” protein similarity tree. 

4. Evaluate the advantages and limitations of a single-gene approach to studying phylogenetic relationships. You will compare your sequence similarity tree with a phylogenetic tree you will construct of a gene with a strong “phylogenetic signal,” using the 16S ribosomal RNA gene sequence.

Assignments and grading (pts):

1. Bibliography of literature on your candidate gene- DUE Monday March 2
2. Experimental design (3 page paper with feasible plan for your experiment) (5 pts)- DUE Wed March 4
3. Behavioral experiment conducted Week of March 23 – 3 pts

4. Protein sequence alignment for your candidate gene (3 pts)-Due Wednesday April 8
5. Sequence similarity tree of your aligned sequences (2 pts)- Due Wednesday April 8
6. 16S rRNA phylogenetic tree (homework assignment) (2 pts)- Due Wednesday April 8 

7. Presentation (15 pts)- April 14
Feb. 24 Gerontogenes I: Exploration of your candidate gene

With public access to the vast information being gathered about particular genes of interest, the first place to begin to understand the role of a particular gene in aging/lifespan is to explore the database storehouses of information. Today, you will use the databases at the NCBI (National Center for Bioinformatics), WormBase (a database maintained by the C. elegans research community and other databases. First, you will need to choose a candidate gene/allele to investigate, from the following list:

	Candidate gene
	Worm strain name

	Clk-1
	CB4876

	Age-1
	TJ1052

	Daf-2(e1371)
	DR1568

	Daf-16
	CF1038

	Old-1
	RB1215

	Daf-2(ts)
	CB1370

	Spe-26
	BA793


Your goal is to identify several (up to 5) relevant research articles that will shed light on the following questions:

What is the putative function of your gene in C. elegans?

In what cells is the gene expressed? [Is there a GFP image of your gene’s expression pattern in WormAtlas or WormBase?]

What mutant phenotypes occur in mutants of your gene?

Based on the expression pattern of the gene, speculate about how your gene might influence aging or lifespan?

To get started, go to the WormBase home page (easily navigated by typing WormBase in a google search field) and type in the gene name (example: ptl-1) in the Search field. This will take you to pages that hold all of the information known about this gene in C. elegans. To broaden your search to include other organisms that might have a homologous gene, please expand your search by going to the NCBI home page (http://www.ncbi.nlm.nih.gov).

In addition, your database searching should yield you several articles that will inform you as you and your group design and plan to carry out a behavioral experiment. You will

design an experiment to test the response of a mutant for your gene in comparison to wildtype worms. You will need to consult one of us as you design your experiment to ensure we have adequate materials, supplies and equipment to allow you to carry it out successfully. We will provide you with some ideas to help you frame your experiments.

In your introductory biology course, Biology 106, you were introduced to all of these database searching techniques and approaches, so this first week of investigation should be a review of previous skills. When designing your experiment, be sure to be mindful of the importance of controls, as well as a consideration of what types of statistical tests you will need to employ in your data analysis. Keep in mind that sample size is a very important consideration in the power of your analysis.

March 24 Gerontogenes II: Conduct independent experiments 

You will conduct your experiment, designed in the first week of the module (with possible modifications after discussion with either Prof. Susman or Prof. Gray). We will be available for consultation and assistance during the laboratory period. Depending on your experiment, you may need to come in to lab at other time periods, on your own. Your goal will be to gather sufficient data to conduct a statistical analysis of your data and to be able to construct either a figure or a table of data to include in your presentation and manuscript. In the event that you need to repeat your experiment a second time, please plan for that early after spring break in order that adequate materials are available for you and your group. Your grade on this module depends in part on the quality of your experimental data and analysis, so it is in your interest to carefully plan and conduct your experiment, with adequate sample size for statistics.

March 31 Gerontogenes III: Comparative genomics sequence analysis

During this laboratory period, you and your group will download the protein sequence of your gene using NCBI’s MapViewer. You will then perform a number of BLASTp procedures to find the best “hit” for your protein sequence in at least 10 different animal taxa. You will collect these sequences in a Word document and will process that document so that it can be saved as a “.txt” file that will work with available software tools like ClustalX, ClustalW, TreeView, Genious, CLC or MEGA. You will use your .txt file to perform a multiple sequence alignment. The alignment will serve as the basis for the construction of a protein sequence similarity “tree.”

You will also be given a homework assignment to perform a similar analysis on your own time (as a group if you wish, but the work you turn in must be your own) of the 16S rRNA gene, a sequence that is widely considered to be an excellent example of a gene with a robust “phylogenetic signal.”

1. BLASTp searching

First, you will need to download the protein sequence of your candidate gene. To do this, go to MapViewer (accessible from the NCBI home page). Select the organism (Caenorhabditis elegans) and then type in your gene name (example: ptl-1) in the Search field. This will give you a graphical view of the chromosomes of C. elegans. Your gene will be indicated as a small red line on one of the chromosomes. Click on the chromosome number (eg. III). Here is where you may need to do a little digging to obtain your protein sequence. For most of the genes, your gene will be highlighted as a pink bar. Select “WG” to go to the Wormgenes section in the NCBI site. Much of this information will overlap with what you discovered in the first week, but there may be additional information provided by NCBI’s curators. Scroll down the page until you see “Sequences” and select the little arrowhead to show the menu of choices. There should be a table that includes “Best predicted protein”. Click on the number (for example: 1182aa) and this will direct you to the best predicted protein sequence. Select this sequence, including the heading and copy it to a Word document. Change the heading to read: >C. elegans. Save this as a text file. As you go through these steps, take some time to read the other information on the pages to expand your knowledge of your gene.

Using this protein sequence (copy it), you will then go to the BLAST portion of the NCBI site. You will likely need to click a few pages—first to the NCBI home page, then click on BLAST in the top menu. Then, select “protein BLAST” and copy your protein sequence (without introns or other sequence) into the field. Choose the SwissProt data base search set. In the “Organism” field, type in an organism or taxa designation to search a particular organism’s genome. Here are some taxa to try: Homo sapiens (human), Drosophila melanogaster (Fly), Mus musculus (mouse), Canis familiaris (dog), Apis mellifera (honeybee), Xenopus tropicalis (or laevis) (Frog), bony fishes (a taxa), sharks and rays (taxa), crustaceans (taxa), horseshoe crab (taxa)….try to span many different animal groups to have as wide a search as possible. For each taxa, conduct a separate BLASTp search. Then, select the “best hit”, the one with the lowest e-score. If your search yields an unacceptable e-score or an inadequate degree of homology, then make a note “no significant homolog” and do not select the hit. Accept only hits with a very low e-score (less than 10^-50). Using this somewhat labor-intensive procedure, collect 10 protein sequences from 10 different animal taxa (ie. not all mammals). Organize them into a single txt file (we will discuss in lab how to format this file).

Here is an image of a text file that is properly formatted for use in alignments and tree construction:

[image: image1.png]>Celegans
MRFCNSKLTS IDNRCDVATISKDEERFEVKLVESETARELNRLGALSPRSHQKNILVPFTTQTVKYLLGLEKVSDSTDEM
GWFGIERSLEETAGFGQHCFPKILEMKNT TCDHILSTLSDVNCFLLHKKFREFDCQNHAHKTLEY TLYNLARMVVVDKRY
DVEFYRLPVEEVKHLLSSEEVNVEQETQI TEVINQWTAADFENRDKFRPHLMSTVRFLALDQQTAKSLSQFHPSLKPARR
TRDVLIIIGGWLHRQACDRIEWFDPENNCWKVSQQKLPTTLAYEGSATVDGILYLFGGSTGQRTRCETWKLSTETHQWDR
CNNMMEPRNY ISNSSVVYDGRIYVFGGONFREITRTAVRSRTGEVFDPKTNKWTETASLSDMRSDCAREVFENQIYVSGG
FNGDMILASVEVYNPIGNVFSRTVDLPYPITGHCLLNHGNQLLIVGGFDGAERQNKIWMWHRTGEWQORPEKLIYGRSTS
AACSYKGWLFSVAGYTEKVEATCETLLPEPNASRFSFIPDVPRAKSALNVLVAPNWRNFLERRGT INEQSHEMDDDYEDD
AGASYNSINN

>mouse
MTCEIFNELRLEGKLCDVVIKVNGFEFNAHKNILCSCSSYFRALFTSGRNNTERKVYNIPGISPDMMKLI IEYAYTRTVE
ITPDNVEKLLAAADQFNIMGIVRGCCEFLKSELCLDNCIGICKFTDYYYCPELRQKAYMF ILENFEEMVKVSAEFLELSY
TELKDITEKDELNVKQEDAVFEATLKWISHDPQNRKQHTSVLLPKVRLALMHAEYFMNNVRMNDYVKDSEECKPVI INAL
KAMYDLNMNGPSNSDFTNPLTRPRLPYAILFAIGGHSCGSPTNATEAYDARADRWVNVTCEEESPRAYHGARYLRGYVYT
TGGFDSVDYFNSVKRFDPVKKTWHQVAPMESRRCYVSVTVLSNFIYAMGGFDGYVRLNTAERYEPETNOWTLIAPMHEQR
SDASATTLYGKVYICGGFNGNECLFTAEVYNTESNQWTVIAPMRSRRSGIGVIAYGEHVYAVGGFDGANRLRSAEAYSPY
ANTWRTIPTMFNPRSNFGIEVVDDLLFVVGGFNGFTTTFNVECYDEKTDEWYDAHDMS IYRSALSCCVVPGLANVGEYAA
RRDNFTGLALRDEVKYSASTSTLPV

>Fly
MGDLPGSGSTAQPRDAAVTGTGONS TAGEGS SVGS TAVDRPPS PARLSHTSERHPKVTLTELNLRRHRELCDVVLNVGG
RKIFAHRVILSACSSYFCAMFTGELEESRQTEVTTRDIDENAMELLIDFCYTART TVEESNVQTLLPAACLLQLVEIQDT
CCEFLKRQLDPTNCLGIRAFADTHSCRELLRTADKFTQHNFQEVHESEEFLLLPVGQLYDTICSDELNVRSEEQVFNAVH
SWLKYNVAERRQHLAQVLQHVRLPLLSPKFLVGTVGSDLLVRSDEVCRDLYDEAKNYLLLPOERPLHQGPRTRPRKPTRR
GEVLFAVGGHCSGDATASVERFDPQTNDHKMVAPHSKRRCGVGVAVLNDLLYAVGGHDGQSYLNS TERYDPOTNQHSCDV
APTTSCRTSVGVAVLDGFLYAVGGQDGVQCLNHVERYDPRENKWSKVAPMTTRRLGVAVAVLGGFLYATGGSDGQCRLNT
VERYDPRENKWVAVSPMSTRRKHLGCAVFNNY TYAVGGRDDCHELSSAERYNPLTNTHSPIVAMTSRRSGVGLAVVNGOL
YAVGGFDGSAYLKTTEVYDPETNQWRLCGCMNYRRLGGGVGVMRAPQTENYMWCENSFKQPNS




2. Sequence Alignment

There are numerous web-based tools that you can use to construct a sequence alignment to compare sequences from different taxonomic groups. Each of these programs is quite particular about the format of the text file that contains the sequences. This means that sometimes you have to try loading your text file multiple times and have to check arduously for accidental spaces or line returns. Be patient and don’t give up! 

We will use a software tool called “CLC Sequenceviewer 5.1.2” for both the sequence alignment and the protein similarity tree.  The tool should be in a folder called “Genomics tools” on the desktop of the lab computers. If you are using your own laptop, you can download the software (it is free) from http://www.clcbio.com. 

Open the CLC Sequenceviewer program. You will need to make a folder for your work. Open your BLASTp sequences file. To do this, you will need to Import the file, making sure that it is imported as “FASTA”. The sequences will open in the center window of the workspace. You can then change the view settings (using the right hand menu) to see the particular residues that you plan to align. Under Sequence Layout, select “Every 10 residues”. Under Residue coloring, choose “Rasmol” for Background. If you cannot see the individual residues, select the zoom button and click on the window until you see individual amino acid residues. 

Here is an example alignment:
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Once you have your sequences visualized the way you want them, you are ready to perform a sequence alignment. Select “Alignments and Trees” from the left-hand, bottom quadrant menus (organized as either “Processes” or “Toolbox”). Double-click on “Create Alignment”; a new window will open, with your sequence file in the left-hand window area. Select “Next”, do not change the defaults here, except to check the button for “Slow (very accurate).” After a few seconds, the alignment is complete and you will see a new tab window, with your residues aligned. The left-hand menu now says “Alignment Settings.” You can alter how the alignment is presented, as well as how the data are represented (in particular, the degree of similarity among the amino acid residues). You can also alter the order of the taxa that you have selected for your alignment. I usually put the C. elegans sequence (or whichever one I am comparing the rest to) on the top line.

Consider the following questions:

1. Are there regions of the protein sequences with strong alignment?

2. Are there regions that seem quite different among the sequences?

3. Are there gaps in alignment (ie. where one or more sequences are not aligned with others)? Do these gaps seem to group organismally? In other words, are there organisms that seem to substantially diverge, either at the beginning or end of the sequence, that seem to be shared by organisms more closely related evolutionarily?

4. Are there regions with substantial sequence identity (same exact amino acids), with sequence similarity (same TYPE of amino acid: acidic, neutral, etc)?

The alignment should be automatically saved with the same file name as your text file, with the appended .aln. You will use this file to construct your protein sequence similarity tree. The alignment file will also serve as the basis for a figure that you will make for your presentation. You can Export Graphics and save your alignment as a pdf. You can change the alignment settings to “fixed wrap”  every 100 residues. Then, you can select “Small” font size in the text menu. Double check the size of your pdf—it should probably fit on no more than 3 pages. This can serve as the basis for your figure, but you may need to alter it further so that it works well as a single figure/powerpoint slide graphic, along with a figure legend. Thus, your figure should NOT simply be an unedited print-out of your alignment file. Be sure to save your alignment into your folder in case you need to refer to it later.

3. Construction of a protein sequence similarity tree

Using CLC Sequenceviewer, you can construct a protein sequence similarity tree from your alignment. Under processes, double-click “Create Tree” from the alignments and trees menu. Your alignment should already be selected in the right window area. Choose the Neighbor-joining algorithm and 500 iterations of a bootstrap analysis. The resulting tree should have the nodes indicated, along with the length of the branches. You can alter various features using the “Tree Settings” menus on the right. You can also export the graphics as a pdf file. As above, be sure to save your tree into your folder. 

Here is an example tree:
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What does your tree tell you about changes in the protein sequence over time?

Which sequences are most similar to that of C. elegans?

Do you think your protein sequence has evolved in ways similar to or different from other phylogenetic characters? Why?

April 14 Gerontogenes IV: Student presentations

You and your group will present your data to the class, including the putative role of your gene in C. elegans as well as its role in aging/lifespan, the results of your experiment (as well as the rationale for your conducting the experiment—ie. what does this experiment tell you about your gene product’s function or its role in aging/lifespan?), and the results of your comparative genomics analysis. Each group’s presentation will be about 20 minutes in length and will allow for a question/answer period. At the end of the presentations, we will have a class discussion on the picture emerging about the genes involved in aging/lifespan in C. elegans and how these genes might have changed during evolutionary time, among other issues.

