
Curly Leaf Bioinformatics Instructions and Worksheet

Save this document to your desktop and complete it on the computer!

Complete this worksheet in MS Word on your computer.  If you have this document in print, open it online at http://www.dnai.org/media/bioinformatics/ccli/curlyleaf/curlyleafgene_ws.doc.

If you opened this document in an Internet browser click File, click Save as, and save it to a directory on your C- or A-drives.  Then, close the browser, open the document in MS Word, and follow the instructions to answer the questions.  In doing so, you will discover where in the clf gene the transposon is located and how it can cause the mutant phenotype.  Along the way you will become familiar with bioinformatics routines such as locating and extracting information and sequences about/for genes, genomes, and proteins from databases.
Find the Curly Leaf gene by electronic PCR

· Save this worksheet to your computer.

· Go to http://www.ncbi.nlm.nih.gov.

· Click BLAST.

· Click blastn.

· Paste both primers (ttaacccggacccgcatttgtttcgg, agagaagctcaaacaagccatcga) into the Search window.

· Change All organisms to Arabidopsis thaliana, click Blast.

· Record the Request-id: ____________________________________________
· Click Format.
· The E Value is the most meaningful indicator for the quality of a hit; the lower the E Value, the better the hit.  Usually, E Values of less than 0.1 indicate meaningful hits. (Further explanations under Blast FAQ in the upper part of the NCBI Blast result page.)

· Click on the score for a hit to view an alignment of the primers with the search hit sequence (Subject). Each primer aligns with a different region of the hit. The alignment coordinates for the two hits are:

	
	Matches from hit sequence position no.
	to hit sequence position no.

	Primer 1
	_                                                            _
	_                                                    _

	Primer 2
	_                                                            _
	_                                                    _


· The lowest position no. among these four cooordinates is: 


___________
· The highest position no. among these four coordinates is:


___________
· These two numbers stretch a region of how many nucleotides? (Remember, if you try to determine the length of the nucleotide stretch by subtraction. you need to add 1 to the final number to arrive at the true nucleotide number.)      
            ___________
· Record the gi-number for this entry:   



___________
· Click the gi-link.

· Find the region that contains the matches. What gene is located there? _______________
· Scroll down to the nucleotide sequence.

· Extract (highlight and copy) the sequence from the lowest to the highest position and paste the sequence into the box below. This sequence represents the amplicon that would be amplified using the two primers above in a PCR procedure on A. thaliana DNA.


Determine the length of the amplicon

· Open http://www.dnai.org/geneboy, click Your Sequence.

· Paste the sequence into the center window. Click Save.

· How long is the sequence? ___________ Does this number match the length of the amplicon determined above?

Determine the location of the amplicon within the clf gene

· Go to the GenBank entry above.

· How long is the coding region of the clf gene?   ___________ bp

· How many exons and introns does the clf gene consist of? ____ exons, ____ introns

· Where exactly in the clf gene is the start codon located? Position of the A: ____________
· Given your data above, where in relation to the clf gene is the amplicon located? ________________________________________________________________________________________________________________________________________________
Determine the location of the Curly Leaf gene in the A. thaliana genome

· Go to http://www.ncbi.nlm.nih.gov/.

· Click Map Viewer, click Arabidopsis thaliana.

· How many chromosomes does A. thaliana have?  _____ chromosomes

· Perform a BLAST search on a plant genome using the amplicon sequence above.

· Record the Request-id: ____________________________________________
· Click Format.

· What chromosome is the amplicon located on?  _____
· Click on the number underneath the tagged chromosome.

· Zoom all the way out.

· How long is the chromosome?  _____ Mbp (Mega bp) or _____ bp
· How many genes are located on this chromosome?  _____ genes

· Where about on the chromosome is CurlyLeaf region located? ____________________
· Zoom step-wise into the chromosome; what genes can you identify on this chromosome? (If you cannot see any gene names you may have to open Maps & Options, include gene in the panel on the right, and set gene to master.) What genes are located adjacent to Curly Leaf? Find out more about these genes and write a couple of lines about each.

1) _________________________________________________________________

________________________________________________________________
2) _________________________________________________________________

________________________________________________________________

3) _________________________________________________________________

________________________________________________________________
4) _________________________________________________________________

________________________________________________________________

Find the clf-mutant by electronic PCR

· Go to http://www.ncbi.nlm.nih.gov.

· Click BLAST.

· Click blastn
· Paste both primers (ttaacccggacccgcatttgtttcgg, gtcggcgtgcggctggcggcg) into the window.

· Click Blast.
· Record the Request-id: ____________________________________________
· Now limit Organism to Arabidposis thaliana.
· Click Format.

· Click on the score for the hit with the best (=smallest) E-Value to view an alignment of the primers with the search hit sequence (Subject). The alignment coordinates in the hit are:

	
	Matches from hit sequence position no.
	to hit sequence position no.

	Primer 1
	________________________________
	________________________________

	Primer 2
	________________________________
	________________________________


· The lowest position no. of these four numbers is: 
______
· The highest position no. of these four numbers is:
______
· These two coordinates stretch a region of how many nucleotides? ______
· Record the gi-number for this entry:  __________________________
· Do both primers align within this hit sequence? ____  Why? _______________________
· Go back to the page on which you clicked Format (to toggle between open windows press Alt on your keyboard and click Tab until you identify the desired page).

· Set Organism to Any Organism.

· Click Format.

· What hits were now identified? The DNA from which species contains sequences that match the reverse primer? __________________________________________________
· Click the gi-link for one of these hits and identify what sequence the reverse primer matched. ________________________________________________________________
· What kind of a mutation disables the clf gene in Landsberg? _______________________
· Is the sequence for the clf::Ds mutant in GenBank? ______________________________
Map the position of the transposon in the clf::Ds mutant. 

· Analyze the photo of an agarose gel depicting the two amplicons on the next page. Graph the distance of the 100 bp ladder fragments against their size.  (Find instructions as well as semi-logarithmic paper attached to this study sheet or, online, at http://www.dnai.org/media/bioinformatics/wetlabs/ra/fragmentmapping.pdf)

· Using the graph determine the size of the clf amplicon: _______ bp

· How much does it deviate from the size that you determined bioinformatically? ____ bp

· Determine the size of the fragment amplified from the clf::Ds mutant: _________ bp

· To locate the Ds-insertion site in the clf gene, first determine how much of the amplicon is Ds DNA by determining where in the Ds element the reverse primer maps.

· Go to BioServers at http://www.bioservers.org/.

· Enter SequenceServer.

· Click Manage Groups.

· Change Sequence Source: Classes to Public.

· Find Curly Leaf Mapping; check the check box in front.

· Click OK.
· Change None to clf_second_rp_rc.

· Click COMPARE.
· Where do the two sequences match? From: _______ to: _______
· The larger number is the part of the clf::Ds amplicon that consists of Ds DNA.

· How long was the clf::Ds amplicon?  _______ bp

· How long was the portion of the amplicon that consists of Ds DNA?  _______ bp

· How long is therefore the A. thaliana DNA fraction of the amplicon? _______ bp

· Thus, where in the clf gene does the Ds insertion map? ___________________________
· Draw a diagram that pulls together all the data above, depicting the clf gene model, the position of the two primer pairs, as well as the insertion site of the Ds insertion, and relate them to the gene map.  Is the Ds located in an intron or an exon of the clf gene?
· Check your result against the data in the publication that describes the generation and analysis of the clf::Ds mutant. (A Polycomb-group Gene Regulates Homeotic Gene Expression in Arabidopsis. Goodrich, J., Puangsomlee, P., Martin, M., Long, D., Meyerowitz, E.M. and Coupland, G. (1997). Nature 386: 44-51.)
Determine the function of the CLF protein

· Perform a BLAST search with the 246 bp amplicon in your worksheet  (blastn; Organism=Arabidopsis)

· Record the gi number for the hit with the lowest E Value: ________________________
· Click the gi-hyperlink and scroll down to the entry for the Curly Leaf gene

· What is the name of the protein?  _______________
· Record and click the protein_id.  _______________
· How many amino acids does the protein consist of? _______________ amino acids

· Click Links, select Full text in PMC.

· Click Links, select PubMed.

· Click Related Articles.

· Read the abstract of the first article and determine the function of the CLF protein. Record your findings here: ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Determine the functional domain of the CLF protein

· Go to the NCBI homepage, change Entrez to Protein, enter the protein-id from above into the search window, and click Go.

· Click Domains.

· Domains in the protein are highlighted as bars. What is the name of the domain in CLF?

________________________________________________________________________
· Roughly, what are the coordinates for this domain in the CLF protein? ​​​______ to ______
· Move your cursor over the red bar, what details about the domain are revealed? ________________________________________________________________________
View the 3D structure of the CLF protein

· Go to the NCBI homepage, change Entrez to Protein, enter the protein-id from above into the search window, and click Go.

· Click Blink. Click 3D structures. Click the light blue sphere in the entry line for 1MVHA.

· Click View 3D Structure. Download (Save) the file to your computer (make sure you know which directory it is being saved into!).

· Open the file using the Cn3D program (available for free at the NCBI web site).

· Using the Sequence/Alignment Viewer determine the extent of the aligned sequences (move cursor over the position in the second row where the capital letters begin; record the number. Then, move the cursor over the position in the second row where the capital letters end; record the number.) __________ to __________
· Clicking on the red ID for the first sequence determine its origin. ___________________
· Use the Cn3D tools under Style to further explore the 3D view.

Determine whether the CLF protein has homologs in other organisms

· Perform a BLAST search with the 246 bp amplicon in your worksheet (blastn; Organism=Arabidopsis).

· Click the gi-hyperlink and extract the amino acid sequence for the product of the clf gene.


· Use this amino acid sequence for a BLAST search (blastp).

· Record the request ID here: ________________________________
· Click Format. What organisms contain proteins with significant homology (Positives>30%) to CLF? Name some proteins. Click their gi-numbers and determine the function for some of these proteins? _________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________
· Go back to the Blastp-window (the one with the Format-button).

· Click the red bar indicating the conserved domain.

· Click Domain Relatives. In what organisms were proteins with this domain identified?


_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________
Curly Leaf  in The Arabidopsis thaliana Insertion Database (ATIDB)

Genes:

· Go to the Arabidopsis thaliana Insertion Database; click Genome Browse.

· Search Landmark or Region with a gene name such as Curly Leaf.

· Examine the entry. What structure does the gene have? 

· Observations, conclusions & questions: _______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________
Stocks:

· Click one of the blue triangles marking an insertion in the gene.

· Click Search NASC catalogue. Then click 2. Search.

· Below Navigation click Picture Book.

· Click Form Mutants.

· Into the Phenotype search box type Curly Leaf. Click Submit search.

· Observations, conclusions & questions: _______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________
Curly Leaf  in the Arabidopsis thaliana Information Resource (TAIR)

Genes:

· Go to the TAIR Internet site; click Genes.

· Search for genes that contain the query term Curly Leaf.
· Find Locus, click the gene identifier AT underneath.

· Use the links to learn more about the gene. Click Sequence Viewer to see the gene in the genome. Also, follow the External Links. 

· Observations, conclusions & questions: _______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________
Phenotypes and Stocks:

· Go to the TAIR site, click ABRC Catalog, then click Characterized Lines.

· Use the browsers Edit -> Find function to search each page for curly.

· For entries containing curly click the camera icon to view images.

· For each item also click the Stock #. 

· Observations, conclusions & questions: _______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

Attachment: Instructions for the determination of DNA fragment sizes using agarose gel electrophoresis (Micklos and Freyer: DNA Science; pages 368-369; open it online at http://www.dnai.org/media/bioinformatics/wetlabs/ra/fragmentmapping.pdf)
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________








____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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