Gramene Blast/Genome Browser Exercises
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Gramene BLAST/Genome Browser Module Exercises
In this tutorial, we will map a cloned rice resistance gene to its putative location in the rice genome and compare its position to that of other mapped resistance genes.
The rice disease resistance gene Pi-ta has been genetically mapped to chromosome 12 by Rybka et al. (1997).  It has also been sequenced by Bryan et al. (1997).  We will use sequence information to confirm the location of Pi-ta.  
1) Download the amino acid sequence for the Pi-ta protein for rice from the National Center for Biotechnology Information (NCBI website).  Choose “Protein” from the “Search” drop-down list, enter “pi-ta AND oryza” in the input box, and click on the “Go” button.
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2) The search results page will show three protein accessions, one of which is a hypothetical protein similar to Pi-ta.  The other two, with accessions AAO45178 and AAK00132, are the Pi-ta sequences.  (You may click on their respective links to verify that they are indeed the sequences of interest.)  To download their sequences in FASTA format, click on the corresponding check boxes, select “FASTA” from the drop-down list, and then click on the “Display” button.
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3) Copy and paste one of the sequences into the Gramene BLAST search page (e.g., AAO45178).  Select “blastp” from the “Program” drop-down list to perform a protein sequence search.  Select “Rice_japonica_Genemodel_Proteins” to search the TIGR gene predictions from the japonica genomic sequence.  Click the “Run BLAST” button.
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We chose to run a protein search to ensure a greater probability of success.  The corresponding nucleotide entries in the NCBI database are cDNA and hence do not include the introns that are included in rice genomic sequence.  By running blastp with amino acid sequence against the TIGR gene predictions, we guarantee that only coding regions are searched.
4) The following table will result.  Choose the sequence with the highest score (GRMP = Gramene Peptide).
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5) This links you to the Ensembl Protein Report page, which provides information about the identity, description, and structure of the protein.
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1. What is the name (identifier) for the protein that is predicted from the japonica genome sequence?
Answer: 7001.m00155
6) Click on the Ensembl gene ID.
7) This Links to the Ensembl Gene Report, which provides information about the identity, description, and predicted intron/exon structure of the gene.
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2) What is the name (identifier) for the gene?

Answer: 7001.t00023
3) What chromosome is the Pi-ta gene located on and what is the position (in bp) of the gene on the pseudomolecule.

Answer: The putative Pi-ta gene is located on chromosome 12 between 10,464,902 – 10,470,112 bp (or approximately 10.5 Mb on the pseudomolecule).
4) What is the gene identifier for the Pi-ta transcript?

Answer: The Pi-ta transcript is 7001.m00155.  This is the same as the protein identifier.
5) Aside from 7001.m00155, what other transcript is found in the 25.21 kb “Transcript Neighborhood?”
Answer: 7001.m00154
8) From the Ensembl Gene Report shown above, click on the genomic location hyperlink to go to the Ensembl viewer.  
9) The resulting Ensembl viewer shows chromosome 12 zoomed-into the appropriate location, with the gene highlighted in the “Detailed View”.
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6) What is genomic sequence to which the putative Pi-ta gene is mapped? 
Answer: AL772421.  The name of the genomic sequence is found on the “DNA(contigs)” track in the “Detailed View”.
7) What is the nearest marker?
Answer: The nearest marker to Pi-ta is C53024S.  Note that there are two sequence accessions that have been associated with the marker.  This is because RFLP clones generally have both forward and reverse sequence.  (Occasionally there are additional sequences associated with a given marker.)  You can also get the name of the marker by hovering the mouse over the appropriate marker feature in the “Detailed View”.
10) To see a 100 Kb window around the gene, click on the middle bar of the zoom control.  You can also use the “+” and “-” buttons to zoom in and out.
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8) What is the nearest repeat to the putative Pi-ta gene?

Answer: Hover the mouse over the green feature in the repeat track.  This will cause a pop-up menu to appear showing the name of the repeat: Stow-OS12.

9) On which side of the gene is the Stow-OS12 repeat – 5′ or 3′?

Answer: Note the arrowheads on the “DNA(contigs)” track, where the top arrowhead indicates the + (Watson) strand [5′ ( 3′] and the bottom arrowhead indicates the − (Crick) strand [3′ ( 5′].  The two tracks labeled “tigr_gene trans.” indicate gene predictions that map to the + and − strands, respectively.  The putative Pi-ta gene is mapped to the − strand.  Since Stow-OS12 is to the right of the gene, the repeat is located at the 5′ end of the gene.  
11) Scroll down to the bottom of the Ensembl viewer to see a list of genomic sequence accessions that have been included in the “Overview”.  Click on the “CMap View” hyperlink that corresponds with the genomic sequence AL772421 (recall that the putative Pi-ta gene maps to this sequence).
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12) This takes you to the CMap Reference Map Details view with the BAC/PAC highlighted, and shows a comparison between three maps.  The middle map is the same as the genomic sequence map found in the Ensembl viewer.  The latter two are genetic maps from the Japanese Rice Genome Project and Cornell University, respectively.  To highlight additional features or add more maps, go to the CMap comparative Map Viewer by clicking the  N  button on the sequence map.
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13) The Map Viewer will show the sequence map as the selected reference map.  You can then compare the reference map to the “Rice – Cornell RFLP 2001 – 12” and “Rice – JRGP RFLP 2000 – 12” maps by selecting them in the appropriate lists.  
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Where the resistance genes Pi6, Pi20, Pita, Pitq6, Pi12, and Pi21 map on these genetic maps?

14) In the “Highlight” box, add the resistance genes “Pi6 Pi20 Pita Pitq6 Pi12 Pi21”, retaining the label “AL772421” that is already present (note the spaces separating each of the seven labels in the input box). Recall that the gene Pi-ta putatively maps to AL772421.  

The following Comparative Map View will result.  Note the location of the centromeres.
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Answer: Using the two genetic maps, a cluster of five resistance genes map to the centromere region of chromosome 12.  Pi-ta, which is known to reside on the genomic sequence AL772421, also maps to the centromere, as evidenced by the alignment of the pseudomolecule to the genetic maps.
10) Final remark: What is known about the evolution of resistance genes that might explain this clustering?
Answer: You’re on your own with this one!
Genes mapped to + strand.
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