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Glu primer annealing 

PAPER Exercise
Title of Lesson: Glu Primer Annealing Paper Exercise

Designed by: Dr. Simona Bartl (sbartl@mlml.calstate.edu) 
Background

This activity fulfills the following Science Standards:

· California State
· Chemistry 

· Grade 8: 6c

· Grades 9-12: 7, 8, 10a

· Biology

· Grade 7: 2e, 3a

· Grades 9-12: 4, 5

· Investigation and Experimentation

· Grade 7: a

· Grade 8: a

· Grades 9-12: a,b,g,l

· National (grades 6-12)
· Content Standard A: Science as Inquiry

· Content Standard C: Life Science

· Content Standard E: Science and Technology

Materials/Resources 

The following materials are needed to complete this lesson. 
· Highlighters or colored pens (2 different colors per student) 

Procedure                     
Time needed for lesson

· Pre-lab: 10 minutes

· Lab: 20 minutes

Pre-lab: 

1. Photocopy paper exercise.  

2. Pass out highlighters or colored pens.

Exercise:

A. In this exercise you will determine the annealing sites for Glu PCR primers in Mytilus galloprivincialis adhesive plaque protein (Glu) cDNA (Genbank accession # D63778) using the protein-coding sequence on the next page.  Below is the genetic code for the primers.  They were designed to the Mytilus edulis Glu gene.
Glu forward primer: 5' GTAGGAACAAAGCATGGACCA 3'
Glu reverse primer:  3' GGATTCTTTTGAATAGGGGGG 5'

1. First, find and highlight all of the exact matches of the forward primer. Mark above with an --->.

a. Does this primer anneal to the coding strand (top) or the non-coding strand at these sites?

2. Next, find and highlight all of the exact matches of the reverse primer. Mark below with an <------.
a. Why were you given the 3' to 5' orientation of this primer?  Which strand does the reverse primer anneal to?

3. How many PCR products will the highlighted priming sites give you? 



a. What will be their size(s)?



4. How many bands do you expect from a Glu PCR of Mytilus galloprivincialis DNA?  


5. Think about how there may be additional priming sites in the Glu gene and look for them.  Mark these with a different color and add the forward and reverse arrow labeling as above.

6. Calculate the sizes of all the possible PCR products.






7. How many mismatches can be tolerated under our PCR conditions? 




a. How would you alter PCR conditions to produce more PCR products of different sizes?

5' end

CTGCATCATGGAGGGAATCAAATTAAATCTGTGCCTCTTGTGTATATTTACCTGTGACATCTTGGGTTTTTCAAATGGTAACATATACAACGCTCATGGTTCAGCTTATGCAGGTGCAAG   120

GACGTAGTACCTCCCTTAGTTTAATTTAGACACGGAGAACACATATAAATGGACACTGTAGAACCCAAAAAGTTTACCATTGTATATGTTGCGAGTACCAAGTCGAATACGTCCACGTTC

TGCTGGGGCTTACAAGACACTGCCTAATGCATATCCATACGGAACAAAGCATGGACCAGTATACAAACCTGTGAAGACAAGTTATCATCCTACGAATAGTTATCCGCCAACATATGGATC   240

ACGACCCCGAATGTTCTGTGACGGATTACGTATAGGTATGCCTTGTTTCGTACCTGGTCATATGTTTGGACACTTCTGTTCAATAGTAGGATGCTTATCAATAGGCGGTTGTATACCTAG

AAAGACAAACTATCTGCCACTTGCAAAGAAGCTGTCATCTTACAAACCTATTAAGACAACATATAATGCAAAGACAAATTATCCACCAGTTTATAAACCTAAGATGACTTATCCTCCAAC   360

TTTCTGTTTGATAGACGGTGAACGTTTCTTCGACAGTAGAATGTTTGGATAATTCTGTTGTATATTACGTTTCTGTTTAATAGGTGGTCAAATATTTGGATTCTACTGAATAGGAGGTTG

TTATAAACCTAAGCCCAGTTATCCTCCAACATATAAACCAAAGCCAAGTTATCCAGCAACTTATAAATCCAAGTCAAGTTATCCCTCTTCATACAAACCTAAGAAAACTTATCCTCCAAC   480

AATATTTGGATTCGGGTCAATAGGAGGTTGTATATTTGGTTTCGGTTCAATAGGTCGTTGAATATTTAGGTTCAGTTCAATAGGGAGAAGTATGTTTGGATTCTTTTGAATAGGAGGTTG

ATATAAACCTAAACTAACCTATCCTCCAACATATAAACCAAAACCAAGTTATCCTCCAACATATAAACCAAAGCCAAGTTATCCAGCAACTTATAAATCCAAGTCAAGTTATCCCCCTTC   600

TATATTTGGATTTGATTGGATAGGAGGTTGTATATTTGGTTTTGGTTCAATAGGAGGTTGTATATTTGGTTTCGGTTCAATAGGTCGTTGAATATTTAGGTTCAGTTCAATAGGGGGAAG

ATATAAAACTAAGAAAACTTATCCCTCTTCATATAAACCTAAGAAAACTTATCCTTCAACGTATAAACCAAAAGTGAGTTATCCCCCAACATACAAATCAAAAAAGTCTTATCCTCCAAT   720

TATATTTTGATTCTTTTGAATAGGGAGAAGTATATTTGGATTCTTTTGAATAGGAAGTTGCATATTTGGTTTTCACTCAATAGGGGGTTGTATGTTTAGTTTTTTCAGAATAGGAGGTTA

ATATAAGACAAAGGCAAGTTATCCATCATCATATAAACCTAAAAAAACGTATCCTTCAACTTATAAACCCAAGATAAGTTATCCACCAACGTATAAAGCAAAGCCCAGTTATCCAACATC   840

TATATTCTGTTTCCGTTCAATAGGTAGTAGTATATTTGGATTTTTTTGCATAGGAAGTTGAATATTTGGGTTCTATTCAATAGGTGGTTGCATATTTCGTTTCGGGTCAATAGGTTGTAG

TTATAGAGCAAAACCAAGCTATCCTTCAACTTATAAGGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAGCCAACTTATCCTTCAAC   960

AATATCTCGTTTTGGTTCGATAGGAAGTTGAATATTCCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTCGGTTGAATAGGAAGTTG

GTATAAAGCAAAACCAAGCTATCCTCCAACTTATAAAGCAAAACCAAGCTATCCTCCAACGTATAAAGCAAAACCGAGTTATCCACCATCATATAAACCTAAAACAACTTATCCTCCAAG  1080

CATATTTCGTTTTGGTTCGATAGGAGGTTGAATATTTCGTTTTGGTTCGATAGGAGGTTGCATATTTCGTTTTGGCTCAATAGGTGGTAGTATATTTGGATTTTGTTGAATAGGAGGTTC

TTATAAACCTAAGATAAGTTATCCTCCAACTTATAAGGCAAAACCAAGTTATCCTCCAATTTATAAAGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCTTCCAAC  1200

AATATTTGGATTCTATTCAATAGGAGGTTGAATATTCCGTTTTGGTTCAATAGGAGGTTAAATATTTCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGAAGGTTG

TTATAAAGCAAAACCAAGTTATCCCCCAACGTATAAAGCAAAACCGAGATATCCTACAACTTATAAAGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCCTCCAAC  1320

AATATTTCGTTTTGGTTCAATAGGGGGTTGCATATTTCGTTTTGGCTCTATAGGATGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTG

GTATAAAGCAAAACTAAGTTATCCTCCAACGTATAAAGCAAAACCGAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCCTCCAAC  1440

CATATTTCGTTTTGATTCAATAGGAGGTTGCATATTTCGTTTTGGCTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTG

TTATAAAACAAAGCCAAGTTATCCTCGAACGTATAAAGCAAAACCAAGTTATTCTTCAACTTATAAAGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCCTCCAAC  1560

AATATTTTGTTTCGGTTCAATAGGAGCTTGCATATTTCGTTTTGGTTCAATAAGAAGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTG

GTATAAAGCAAAGCCAAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCCTCCAACATATAAAGCAAAACCAAGTTATCCCCCAACTTATAAAGCAAAACCAAGTTATCCTCAAAC  1680

CATATTTCGTTTCGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTGTATATTTCGTTTTGGTTCAATAGGGGGTTGAATATTTCGTTTTGGTTCAATAGGAGTTTG

TTATAAAGCAAAATCAAGTTATCCTCCAACTTATAAAGCAAAGCCAAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAGCCAAGTTATCCTCCAAC  1800

AATATTTCGTTTTAGTTCAATAGGAGGTTGAATATTTCGTTTCGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTCGGTTCAATAGGAGGTTG

TTATAAAGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAGCCAAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAACCAAGTTATCCTCCAAC  1920

AATATTTCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTCGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTCAATAGGAGGTTG

TTATAAAGCAAAACCAAGTTATCCTCCAACTTATAAAGCAAAGCCAAGTTATCCAGCAACTTATCCTTCAACGTATAAAGCAAAGCCAAGTTATCCTCCAACTTATAAAGCAAAACCAAG  2040

AATATTTCGTTTTGGTTCAATAGGAGGTTGAATATTTCGTTTCGGTTCAATAGGTCGTTGAATAGGAAGTTGCATATTTCGTTTCGGTTCAATAGGAGGTTGAATATTTCGTTTTGGTTC

TTATCCTCCAACATATAAACCAAAGCCAAGTTATCCACCAACATATAAATCCAAGTCAAGTTATCCCTCTTCATACAAACCTAAGAAAACTTATCCCCCCACATATAAACCTAAACTAAC  2160

AATAGGAGGTTGTATATTTGGTTTCGGTTCAATAGGTGGTTGTATATTTAGGTTCAGTTCAATAGGGAGAAGTATGTTTGGATTCTTTTGAATAGGGGGGTGTATATTTGGATTTGATTG

CTATCCCCCAATATATAAACCAAAGCCAAGTTATCCTCCAACATACAAATCTAGTTACCCTCCTAGATATAAAAAAAAGATCAGCTATCCATCACAATATTAAGTGAAGACAAGTTATCC  2280

GATAGGGGGTTATATATTTGGTTTCGGTTCAATAGGAGGTTGTATGTTTAGATCAATGGGAGGATCTATATTTTTTTTCTAGTCGATAGGTAGTGTTATAATTCACTTCTGTTCAATAGG

CCAAGCATATGAACCAACAAACAGCTATTAATCTCAATATTAAAAGTATTAATTAAAATATTCATATTACTGTACTACACATTTTAACGTTTGTGTTGATGAGGAACAGATGAACATTTG  2400

GGTTCGTATACTTGGTTGTTTGTCGATAATTAGAGTTATAATTTTCATAATTAATTTTATAAGTATAATGACATGATGTGTAAAATTGCAAACACAACTACTCCTTGTCTACTTGTAAAC

AAAGTAATACATAATCGGGGTTAATGATTTGTTATATTCAATCTTTATGTTTGTGATTGGTTATGTTCTTGAAATATTGTTTAAAATAAATGTTTATTTTTT    3' end
  2502

TTTCATTATGTATTAGCCCCAATTACTAAACAATATAAGTTAGAAATACAAACACTAACCAATACAAGAACTTTATAACAAATTTTATTTACAAATAAAAAA
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