BISC219 F12 – Designing Primers for Amplifying and Sequencing DNA of our dpy gene of interest

How will we sequence the ORF (open reading frame) at our map locus or the allelic gene detected by complementation analysis to look for possible mutations that would cause a dumpy phenotype? First we must amplify (create many copies) of the gene or ORF to serve as templates for Sanger (chain termination type) fluorescence sequencing reactions.  Primers, short 18-22 base sequences of DNA that are complementary to the target region, direct the specificity of polymerase chain reaction DNA amplification and sequencing reactions.

Below is the wild type, unprocessed DNA sequence of dpy-5. By convention DNA is written starting at the 5' end and continuing left to right to the 3'end of the molecule. Use public database resources or other information you can find or have been given to answer the questions below.

dpy-5 sequence – unspliced + untranslated region (UTR)

aaaatggtaaaggccgtcgtcggattcggcgctgcatgcggaatctctgctatcgttgcttgcctttgggctgcacttgtcatcacaaatgacatcaatgacatgtatgatgatgtgatgggagagctcggaggattcagagatatctctgatgacacttggggaacccttctcgacgttcgtcacggagccggagagtctgctgagcaatacgttcgtggaatcttcggacgtcacaagcgttccaacagccaatgctcttgcggacttccatctcaaggatgcccagccggagctccaggaaacccaggagccccaggagagccaggaggcactggaccagacggaaagaacggaccaactggacttccaggacttaacattccaattccaaatgacttccctaaggagtgcatcaagtgcccagctggaccaccaggacaagatggacttccaggacaagaaggattccaaggacttccaggagacgctggaaagcgtggaaccccaggaaaggacggagagccaggacgtgttggagatattggagatcaaggaactccaggacaagacggacaaccaggacttgctggaccaccaggacgcgatggacttaccggaaagggacaaccaggagtcgctggacgcccaggaatgccaggaccacgtggagagccaggaaacaacggaaatccaggagaggaaggacaaactggagcccagggaccaactggacagccaggaaaggacggattcaacggaaacgacggaactccaggacaagctggaccacaaggagccgttggagccgatgccgaatactgcccatgcccagagagaaagcgcagacgcgtctaaactgttttcgtattcaaaaataaatatttatgtattcaa 

1.  What is the start codon? Find it in the sequence above and underline it.

2.  Highlight the coding region of the gene above.

3.  What is the stop codon in this sequence? Where is it? Underline it.

4.  How many strands of DNA are shown above?  

5.  How many strands of DNA are there?

4.  Design the best 20 base primers for amplifying and sequencing of this gene in both the forward and reverse directions (written by convention in the 5’ to 3’ orientation). (A good web site with tips for on designing the best primers is found at http://www.premierbiosoft.com/tech_notes/PCR_Primer_Design.html)

Forward Primer:  5’ 

Reverse Primer:   5’  

We are sequencing the genomic DNA of our mutant C. elegans.  The sequence may or may not be the same as cDNA or mRNA. What may or may not be included in the sequence as it is written above that will be processed out before translation?

Where are the 5’ and 3’ untranslated regions of this gene?  Highlight them in two colors different from the coding region or mark through them with a single and double strikethrough. 

BISC 219 Instructions for DNA sequence analysis F12

1. On the desktop find and click on the “DNAStar Navigator application (the icon looks like a compass star) to open it. It may take a minute for this huge program to load and open.

2. Find and  click to Open the MegAlign Program

3. Go to “File” in  the MegAlign toolbar at the top of the computer and click “Enter Sequences”

4. Look on the Desktop of the computer for the “BISC219 Sequences File Folder“ and open it. Find the “wormbase dpy-5.seq” and the “wild type dpy-5.seq” files in this folder.

5. Drag “wormbase dpy-5.seq” and the “wild type dpy-5.seq” files into the large empty alignment box of the MegAlign screen OR, if you can’t drag and drop, highlight each of those sequences from the Worm Sequences Folder on the Desktop of the computer and click “Add files” from the MegaAlign menu. If you see the sequences traveling across the screen, click “Done”.

6. Both sets of bases should be visible across the top of the MegaAlign alignment window

7. Put the mouse cursor on the vertical bar that divides the MegAlign window and use the mouse to drag that bar all the way to the far right (end of the screen). 

8. Click on “Align” in the MegAlign Toolbar and select “Clustal W Method”

9. The program will think for a minute and then, in the alignment window, you will see your two sequences aligned. 

10. Blue color means either mismatches or no sequence

11. Red color indicates that the bases of your mutant’s sequence and the wild type sequence match

12. Use the blue scroll bubble at the bottom of the alignment window to scroll across to the right and look for blue boxes at the top of the window indicating where the sequences do not match

13.  Keep in mind that the beginning and the end of a sequencing reaction usually has some “stutter” or mismatch.  Sequencing runs are only reliable for ~800-900 bases at best. Do not be concerned about the mismatches at the beginning of the sequence or at the end when there are blocks of blue indicating that the sequencing reliability has ended. 

14. N stands for a base that the computer could not call. Note that you can sometimes be “smarter” than the computer. Always examine the chromatogram to see if you can determine what an N (uncalled) base should be in an area other than the beginning or the end of a sequence. 

15. To examine the chromatogram for a sequenced file:  Go back to the DNAStar Navigator in Applications of the computer and then Open SeqMan Pro

16. Click on  “Sequence” and “Add” from the SeqMan Pro Toolbar at the top of your computer

17. Choose the .ab1 version of the file you are interested in (for this exercise choose “wild type dpy-5.ab1” )

18. Click Add File and then Done

19. You should now see the file name appear in the SeqMan Pro window.  Double click on the file name and a new window will appear.

20. You will see a window appear with lots of different color “peaks” --each color represents a different base.

a. Red = T

b. Black = G

c. Blue = C

d. Green = A

21. Make the screen bigger by dragging on the bottom right corner so you can see the peaks better

22. You can use the + and – magnifying glasses on the left hand side of the screen to make the peaks easier to see.

23. Using the scroll bar bubble at the bottom of the window, scroll to the right looking at the peaks and the corresponding bases the computer called.  “N” is the marker the program puts when it is unable to call a specific base.  Some of these you may be able to call by eye looking for individual peaks.   You may not be able to do this if there overlapping peaks or no clear peaks.   NOTE:  The way the dpy-5 genes were sequenced – from the reverse direction – our .ab1 files are the reverse complement of the sequences we are working with, so without reverse complementing our DNA the two cannot be directly compared.

24. Close the SeqMan windows and return to MegAlign. Repeat this analysis beginning with step 6, but this time drag the “dpy-5 mut.seq” file into the MegAlign window with your  “wormbase dpy-5.seq” file.   You can click on the file you no longer want (wildtype dpy-5.seq) and delete it from the Meg Align window.  Make sure the 2 sequences that you want to compare now are aligned properly.

25. Scroll across the sequence looking for blue indications of areas of non-agreement. Once you have found candidates for a potential significant change in the DNA in the mutant (compared to the WormBase unspliced sequence), you must also figure out if  this change will translate into a defective gene product (usually a protein).  Remember the central dogma: DNA encodes RNA, which, in turn, encodes protein.  Function relates to protein; structure of the protein is controlled, ultimately, by DNA. It is possible that a change in the gene will have no affect on the gene product (why?) or a change could be catastrophic to function.

26. To study your protein product and to decide if a change is likely to be functionally significant, open a NEW window in MegAlign by clicking on File NEW and using your mouse to drag the central vertical bar to the far right.

27. Click on “File” and “Enter Sequences”

28. Find the “BISC219 Sequences File Folder“ on the Desktop menu and highlight it. Click Add File (NOT ADD FOLDER) and you will see the contents of the Desktop folder appear in the Add to Project upper Window. Click once on the “wormbase Dpy-5 protein.pro” to highlight it and then Click on Add FILE.  Do the same for the “mutant dpy-5 protein.pro” file.  When they have both appeared in the lower Add to Project Window, click on any empty space in the lower window and then click “Done”.  If the proteins are not aligned (lots of red along the top) make sure you align them as you did with the DNA.

29.  The two proteins should be aligned in the MegAlign main window (the bar is red at the top) and you should be able to scroll across using the bubble at the bottom of the window to find out if the change in the DNA caused a change in the protein. How many bases are in a codon? 

30. What kind of change is in the protein? Notice that the amino acids are listed by their one letter symbol rather than the older three letter code. To find the key to this code go to http://www.ebi.ac.uk/2can/tutorials/aa.html. A period indicates a stop codon: TAA (“ocher”), TAG (“amber”), or TGA (“opal”) in DNA or UAA, UAG, or UGA in RNA.  How is the change you have detected in the gene likely to have affected the protein in the mutant?  

31. Once you have identified a likely functionally significant change in both the DNA and the amino acid primary sequence of the protein, you can make a screen shot of these sequences and email them to yourselves. Hold down the command/shift/3 keys simultaneously and you will hear a shutter click sound and an image file (.png) will appear on the Desktop. You can email those images to yourself as “data” to use in creating your figure(s) for your homework assignment. DO NOT USE AN UNPROCESSED SCREEN SHOT AS YOUR FIGURE!!!!!
32. Take all of your screen shots and drag them to the trash can after you have emailed them to yourself. Please DO NOT leaves files on the DESKTOP!
33. When you are finished with DNA Navigator, close all the windows and make sure that you QUIT MegALign, SeqMAn, and DNA Navigator before you leave the lab computer. We have a limited license for this program and if you do not QUIT it, other users may not be able to use it. 

34. Now it’s time to find out the potential larger significance of the protein in species other than C. elegans. Rather than do a BLAST from the NCBI public data base to find out if this protein or this gene sequence (in its normal form) has known homologs and, if so, what is the function of those genes or gene products in other species, let’s go back to Wormbase and to your gene’s page.  From there click on “Homology” on the left side of the screen and it will bring you to a list of many homologs of your gene.  We are interested in the variety of species that have homologs as well as whether or not there is a human homolog.  Why is it more important that there are homologs across diverse groups (vertebrates, invertebrates, etc) rather than large numbers of homologs in one group (for example 20 species of nematodes only)?  It is also of major importance if there is a human homolog. If you identify important homologs, particularly a human homolog/ortholog, you can search for information about it at NCBI, in Google or your search engine or public database of choice.

