
[image: image4.jpg]



Paper Primer-Matching Activity

to Reinforce the Concept of “PCR”

(Polymerase Chain Reaction)
This is a hands-on paper primer matching activity that confirms that students understand the role of primers in pcr amplification.  The activity can be used in conjunction with the PV92 Alu PCR kit that BioRad sells.  A similar kit is available for free or minimal cost if you go through BABEC or SCCBEP trainings.  Carolina Biological also sells an Alu PCR kit and there is possibly updated information on the Dolan DNA Learning Center.
Santa Clara County Biotechnology Education Partnership http://www.babec.org/SCCBEP/index.html
Bay Area Biotechnology Education Consortium http://www.babec.org/
In a nutshell, the Alu labs all involve using PCR to amplify a segment of DNA from Chromosome 16 using DNA extracted from your cheek cells.  There are a number of primer pairs in common usage so the length of the segment is the distance between the two primers you are using after they are bound to chromosome 16.  If that chromosome has the PV92 insert, then the segment you amplify will be 300 base pairs longer than if the chromosome doesn’t have the insert.  The insert is not rare.  In my experience in California classrooms, about half the chromosomes in our classrooms have the insert and half don’t.  That makes it a nice teaching tool, because in a typical classroom you will get students homozygous for the insert, heterozygous, and homozygous for no insert.  
Day/Lab 1 - 15-minute power point on PCR from the text book including animations.  Then a 25 minute white board lecture on LINEs, SINEs, L1 and Alu’s.  Then I give them this paper primer exercise and let them work on it for 10 minutes… 
Day/Lab 2 - Cheek cell DNA extraction including the staining of the nuclei.  

Day/Lab 3 - The pcr reaction on their DNA.  Give a 20 minute talk on Alu’s and human migrations for the rest of the period. The pcr reaction runs for a couple of hours.  Based on the paper primer exercise, what do they think is happening in the pcr tubes at this moment? Show them the pcr animation again!!
Day/Lab 4 – Load and run the gels with the pcr products… and I give a 10 minute talk on gel electrophoresis.  What do they expect to see on gels?
Day/Lab 5 – Photograph stained gels.  Collect class data on board and have them copy it down.  Assign “Genotyping Bioinformatics Lab” where they repeat their pcr experiment “in silico” at the human genome project ( http://science.csumb.edu/~hkibak/ITEST/lessons/Alu_Lab_4.html ).

Attached: 
· Short sequence of double-stranded DNA that you can make copies of and then cut up and tape together.  I use one for each pair of students.
· Right and Left primers that you can cut up and give to students.
· Answer Key in case you forget how this works.

Give each pair of students a stretch of double-stranded DNA and the two different primers.  Tell them to find where the primers would bind. Remind them that the polymerase can only add to the 3’ end.  They usually find the forward (left) primer right away.  A few of them have listened and will figure out where the reverse (right) primer binds ☺ ~ Henrik Kibak
These two primers amplify a 600 bp segment of human DNA from chromosome 16 (or a 900 bp piece if the PV92 insert is present).
5'-AACTGGGAAAATTTGAAGAGAAAGT-3’      5'-ATGGATGTAGTTGGTGTCATGGTCA-3’
Here is the 600 bp sequence from the Human Genome.

  5’-AACTGGGAAAATTTGAAGAGAAAGTCACACAGATACATTTCAGTAAGGTT

GTCTCTGTTACTTGAGGCTTACAAGAAGGAAAGAATTCCCTCTCTAAACA

CACTCTAAACACACAGGAGTTGAGAACGGGGAGATTTATTCCAGAACCCC

TTCTGTGCGTTGGGGCTTCTGGTAGCTTGCCTTTCTTGGTAACGATTTTC

TCAGAGACTGGGTAGATTCGAGTGGAGCCTGGGGCATGGTTGTTGGTCCA

ATGGCGGGGGTTGGGGAGACACAAGCAGTTGGCAGGGAACTTACAAATCT

CCAGGAGGTTATTGAGAATAAAAATTCAGATATTGCCATCTTTTCCATTT

CAAAGCACCAAGAGTCTGTCATCAGCAATTGTGCCTTTCTAGGTGTCACC

TGAATATCTAACATTGAGGCATTGAAAGATAGATCAGGACTGATTTTACT

GAGCATTTTCAAAGGCAGCAGGCAGGCTTTTCAATGCTGCATGAGATCCT

CACCTTCTCTGAGGTGACAGGGGCTTCTGTTTTCTTGAGTTTCCCTGTTT

GCTGATGTCATCCCCTCCTACCCCATGACCATGACACCAACTACATCCAT-3’

Here is the double-stranded version.

       -----------------------(
    5’-AACTGGGAAAATTTGAAGAGAAAGTCACACAGATACATTTCAGTAAGGTTGTCTCTGTTACTTGAGGCTTACAAGAAGGAAAGAATTCCCTCTCTAAACACACTCTAAACACACAGGAGT
    3’-TTGACCCTTTTAAACTTCTCTTTCAGTGTGTCTATGTAAAGTCATTCCAACAGAGACAATGAACTCCGAATGTTCTTCCTTTCTTAAGGGAGAGATTTGTGTGAGATTTGTGTGTCCTCA
TGAGAACGGGGAGATTTATTCCAGAACCCCTTCTGTGCGTTGGGGCTTCTGGTAGCTTGCCTTTCTTGGTAACGATTTTCTCAGAGACTGGGTAGATTCGAGTGGAGCCTGGGGCATGGT
ACTCTTGCCCCTCTAAATAAGGTCTTGGGGAAGACACGCAACCCCGAAGACCATCGAACGGAAAGAACCATTGCTAAAAGAGTCTCTGACCCATCTAAGCTCACCTCGGACCCCGTACCA
TGTTGGTCCAATGGCGGGGGTTGGGGAGACACAAGCAGTTGGCAGGGAACTTACAAATCTCCAGGAGGTTATTGAGAATAAAAATTCAGATATTGCCATCTTTTCCATTTCAAAGCACCA
ACAACCAGGTTACCGCCCCCAACCCCTCTGTGTTCGTCAACCGTCCCTTGAATGTTTAGAGGTCCTCCAATAACTCTTATTTTTAAGTCTATAACGGTAGAAAAGGTAAAGTTTCGTGGT
AGAGTCTGTCATCAGCAATTGTGCCTTTCTAGGTGTCACCTGAATATCTAACATTGAGGCATTGAAAGATAGATCAGGACTGATTTTACTGAGCATTTTCAAAGGCAGCAGGCAGGCTTT

TCTCAGACAGTAGTCGTTAACACGGAAAGATCCACAGTGGACTTATAGATTGTAACTCCGTAACTTTCTATCTAGTCCTGACTAAAATGACTCGTAAAAGTTTCCGTCGTCCGTCCGAAA
TCAATGCTGCATGAGATCCTCACCTTCTCTGAGGTGACAGGGGCTTCTGTTTTCTTGAGTTTCCCTGTTTGCTGATGTCATCCCCTCCTACCCCATGACCATGACACCAACTACATCCAT-3’
AGTTACGACGTACTCTAGGAGTGGAAGAGACTCCACTGTCCCCGAAGACAAAAGAACTCAAAGGGACAAACGACTACAGTAGGGGAGGATGGGGTACTGGTACTGTGGTTGATGTAGGTA-5’
                                                                                                      (-----------------------                                                                                             
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Here is another copy for your use…
5’-AACTGGGAAAATTTGAAGAGAAAGTCACACAGATACATTTCAGTAAGGTTGTCTCTGTTA

3’-TTGACCCTTTTAAACTTCTCTTTCAGTGTGTCTATGTAAAGTCATTCCAACAGAGACAAT

CTTGAGGCTTACAAGAAGGAAAGAATTCCCTCTCTAAACACACTCTAAACACACAGGAGT

GAACTCCGAATGTTCTTCCTTTCTTAAGGGAGAGATTTGTGTGAGATTTGTGTGTCCTCA

TGAGAACGGGGAGATTTATTCCAGAACCCCTTCTGTGCGTTGGGGCTTCTGGTAGCTTGC

ACTCTTGCCCCTCTAAATAAGGTCTTGGGGAAGACACGCAACCCCGAAGACCATCGAACG

CTTTCTTGGTAACGATTTTCTCAGAGACTGGGTAGATTCGAGTGGAGCCTGGGGCATGGT

GAAAGAACCATTGCTAAAAGAGTCTCTGACCCATCTAAGCTCACCTCGGACCCCGTACCA

TGTTGGTCCAATGGCGGGGGTTGGGGAGACACAAGCAGTTGGCAGGGAACTTACAAATCT

ACAACCAGGTTACCGCCCCCAACCCCTCTGTGTTCGTCAACCGTCCCTTGAATGTTTAGA

CCAGGAGGTTATTGAGAATAAAAATTCAGATATTGCCATCTTTTCCATTTCAAAGCACCA

GGTCCTCCAATAACTCTTATTTTTAAGTCTATAACGGTAGAAAAGGTAAAGTTTCGTGGT

AGAGTCTGTCATCAGCAATTGTGCCTTTCTAGGTGTCACCTGAATATCTAACATTGAGGC

TCTCAGACAGTAGTCGTTAACACGGAAAGATCCACAGTGGACTTATAGATTGTAACTCCG

ATTGAAAGATAGATCAGGACTGATTTTACTGAGCATTTTCAAAGGCAGCAGGCAGGCTTT

TAACTTTCTATCTAGTCCTGACTAAAATGACTCGTAAAAGTTTCCGTCGTCCGTCCGAAA

TCAATGCTGCATGAGATCCTCACCTTCTCTGAGGTGACAGGGGCTTCTGTTTTCTTGAGT

AGTTACGACGTACTCTAGGAGTGGAAGAGACTCCACTGTCCCCGAAGACAAAAGAACTCA

TTCCCTGTTTGCTGATGTCATCCCCTCCTACCCCATGACCATGACACCAACTACATCCAT-3’

AAGGGACAAACGACTACAGTAGGGGAGGATGGGGTACTGGTACTGTGGTTGATGTAGGTA-5’

On the next page you find the primers that we use that you can cut out and laminate.  The following page contains the DNA stretch where they will look to match the primers… The center is cut out (so that the stretch of DNA is not 9 feet long and so you won’t spend a week pasting strips of paper together).  I have added a few nucleotides to each end to make it a little challenging.  

Left (Forward) Primer (cut out)
 (5’-AACTGGGAAAATTTGAAGAGAAAGT-3’

(5’-AACTGGGAAAATTTGAAGAGAAAGT-3’

(5’-AACTGGGAAAATTTGAAGAGAAAGT-3’

(5’-AACTGGGAAAATTTGAAGAGAAAGT-3’

(5’-AACTGGGAAAATTTGAAGAGAAAGT-3’

Right (Reverse) Primer (cut out)
(5’-ATGGATGTAGTTGGTGTCATGGTCA-3’

(5’-ATGGATGTAGTTGGTGTCATGGTCA-3’

(5’-ATGGATGTAGTTGGTGTCATGGTCA-3’

(5’-ATGGATGTAGTTGGTGTCATGGTCA-3’

(5’-ATGGATGTAGTTGGTGTCATGGTCA-3’

Sequence to cut and tape together:

5’-CGTCAACTGGGAAAATTTGAAGAGAAAGTCA

3’-GCAGTTGACCCTTTTAAACTTCTCTTTCAGT

CACAGATACATTTCAGTAAGGTTGTCTCTGTTAT

GTGTCTATGTAAAGTCATTCCAACAGAGACAATA

TCCCTGTTTGCTGATGTCATCCCCTCCTACCCCA

AGGGACAAACGACTACAGTAGGGGAGGATGGGGT

TGACCATGACACCAACTACATCCATGAATTCA-3’

ACTGGTACTGTGGTTGATGTAGGTACTTAAGT-5’
Answer Key:
5’-CGTCAACTGGGAAAATTTGAAGAGAAAGTCA
3’-GCAGTTGACCCTTTTAAACTTCTCTTTCAGT

CACAGATACATTTCAGTAAGGTTGTCTCTGTTAT

GTGTCTATGTAAAGTCATTCCAACAGAGACAATA

TCCCTGTTTGCTGATGTCATCCCCTCCTACCCCA

AGGGACAAACGACTACAGTAGGGGAGGATGGGGT

TGACCATGACACCAACTACATCCATGAATTCA-3’

ACTGGTACTGTGGTTGATGTAGGTACTTAAGT-5’                  
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Easy version of Reverse Primer.  Note that I have just flipped the sequence so that the 3’-end is the same orientation as the lower strand in the double-stranded version.  You may not have to use this unless none of your students discover the reverse primer.
3’-ACTGGTACTGTGGTTGATGTAGGTA-5’
3’-ACTGGTACTGTGGTTGATGTAGGTA-5’

3’-ACTGGTACTGTGGTTGATGTAGGTA-5’

3’-ACTGGTACTGTGGTTGATGTAGGTA-5’

3’-ACTGGTACTGTGGTTGATGTAGGTA-5’
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