Supplement to Exercise III- Yellow Line- Identifying Green Revolution Genes.

Part III.  Beyond DNA Subway.  (Optional addition for more advanced classes.)
Now that you have identified mutations using DNA Subway you have built up some DNA sequence analysis skills. if you’d like to move on to learn about how to use these tools, keep going:

1) Select another GAI protein and compare it to one or more genomes.

2) View the sequence alignments in the Alignment Viewer (JalView) and answer the following questions:

a. What is the significance of the term ‘DELLA’ in ‘DELLA-family proteins’? How many DELLA hits are there?

b. Why are there so many more matches than members of the DELLA superfamily? What does the A. thaliana GAI protein have in common with the non-DELLA superfamily matches? 
c. To answer this question, focus on a species that has DELLA as well as non-DELLA matches. (such as rice). Select the sequence for a DELLA match to conduct a BLASTP search at NCBI (http://www.ncbi.nlm.nih.gov/). 

d. To select a sequence or sequences from the Alignment Viewer, under “File” select “Output to Textbox”.  You may find the options here very useful in future analyses.  For example, selecting “Clustal” provides the alignments in an easy to copy and edit text format.  For our purposes, select FASTA.  This is a standard format that allows ready submission to programs, such as the similarity searching program BLAST.  

e. At NCBI, click on BLAST under “Popular Resources” in the right-hand column.  In the BLAST window that will open, under Basic BLAST select either protein or nucleotide BLAST depending on which type of sequence you have chosen to examine.

f. From the textbox copy and paste one of the sequences into the BLAST sequence input box.  (Including the identifier line will keep the label intact through BLAST.)

g. Under Choose Search Set you may select various options.  If you are using a protein sequence, selecting non-redundant protein sequences (nr), as shown below, will compare your sequence to all publicly available protein sequences.  A similar search can be done using the non-redundant nucleotide database.
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h. Be sure to check “Show results in a new window.”  Then conduct a BLASTP search with the sequence for a non-DELLA match for this species. How are the two sequences the same? How are they different? (Hint: Analyze the conserved domains that are displayed in the upper portion of the window showing the BLASTP results.)
i. Get the A. thaliana GAI protein from the Yellow Line and use it as query for a BLASTP search on NCBI (http://www.ncbi.nlm.nih.gov/) to find out what other organisms contain members of the DELLA gene superfamily.

2)  From the Alignment Viewer, collect the sequences for the following three groups of proteins: 1) all matches, 2) only true DELLA matches, and 3) non-DELLA matches. Then align these sequences within each group using the alignment program CLUSTALW at the European Bioinformatics Institute EBI (http://www.ebi.ac.uk/). (We will demonstrate this )  Analyze the alignments answering these questions:

j. How do the CLUSTALW alignments differ from those in the Yellow Line?

k. What is/are the biological basis for this/these differences? (If any)

l. Do the differences in the alignments depend on whether all sequences are being submitted together, as opposed to as part of the DELLA or non-DELLA groups?

m. Does the CLUSTALW alignment change the number of DELLA versus non-DELLA proteins? Why/Why not?

3) Viewing the results of the all-genome search with the GAI protein in the Tree Viewer, decide whether the GAI gene was introduced into plant lineages multiple times or whether it is more likely that plants carrying GAI sequences received these through their genetic lineages from a common ancestor.

4) Orthologous genes are derived by speciation and paralogous genes by duplication. Think about the consequences of either of the two events for a gene whose function is indispensable for an organism – which of the two - orthologs or paralogs – is more likely to change function? Which might be expected to maintain function?  How could you test this?
5) In the Tree View, identify examples for DNA sequences that might qualify as orthologs as well as others that might represent paralogs. Justify your choices based on the different events causing these two different types of homology.

6) How would you expect the all-genome search results to differ if you would choose the A. thaliana gai mutant protein sequence? Do the experiment by simultaneously searching the genomes of the species examined under number 1 above.  How many matches to the A. thaliana gai protein can you identify? Do the matches differ from the matches using the wild type protein as query?

7) Characterize the mutations in genes gai and Rht-D1b in Arabidopsis and wheat (Triticum aestivum), respectively. For this, isolate the gene sequences from the Yellow Line (or from the “Prospecting” directory at http://gfx.dnalc.org/files/evidence.), then use the alignment program CLUSTALW at the European Bioinformatics Institute EBI (http://www.ebi.ac.uk/) or NCBI (http://www.ncbi.nlm.nih.gov/).  Blast 2 Sequences utility to determine the differences (not following  this  sentence). How do the mutant genes differ from their respective wild type genes? How do these mutations affect the proteins?

8) GAI mutations cause semi-dwarfism even if they are present in only one of the GAI alleles present in the genome – use this fact to explain the gain-of-function character of this mutation.

9) Given the gain-of-function character of the GAI mutation, determine which of the DNA sequences identified through the Yellow Line might be candidates to transform transgenes (transform transgenes?) to semi-dwarfism. Justify your decision on the basis of the alignment results in the Alignment Viewer (JalView).
