Practicing cycle sequencing with paper

1. Make a group of 3 – 4 people. We will have a total 4 lab groups for this exercise.

2. Start with your template DNA.

3. Pick a primer. 

4. Make at least 4 more copies of your primer.

5. Go through the process of PCR.

6. Write down your results for each step of PCR

7. When you go through the elongation step make sure the proper nucleotide matches with its compliment. 

8. Try to be random when you grab nucleotides- Make a pile for each letter and put in a couple dideoxy nucleotides in the pile so that you grab for a card in the pile without thinking whether or not it is one with a sticker.

9. If you grab a nucleotide that has a sticker on it, then your chain can not get any longer. 

10. Connect the primer with its subsequent nucleotides such that the nucleotide with the sticker on it is at the end. The nucleotide with the sticker is the dideoxynucleotide, ddNTP. 

11. Dideoxys are missing 2 oxygens off the sugar.

12. They do not have the 3’ OH.  What happens if a nucleotide is missing a 3’ OH?

13. Start the cycling again. If there are not enough primers available for you to use, you may need to make new ones. The primer stays with the sequence that came after it so you will need a new one for each cycle.

14. Do at least 5 cycles.  After each group has finished 5 cycles, we’ll run our “gels”.

15. When we are done, we will run our products through a “laser” to we can figure out our sequence. We’ll be combining everybody’s PCR results so that we’ll have a large enough sample to have a clue about what we’re doing. (We may divide into 2 big groups.)

Original sequence:

5’ ACTGCGTACGAGTTACCATG 
3’

3’





5’

Write its compliment below it. If you want to write the 3’ and 5’ upside down, it would make sense. I just can’t do it easily on a computer in Word.

Which of these primers would work to sequence at least 12 nucleotides in addition to the primer?
5’ CGAGT 3’

5’ CGTAC 3’

5’ CATGG 3’

5’ CATGC 3’

Circle or write down your choice.  

Now make sure you have at least 5 primers because you are going to do 5 cycles.
Cycle 1:

What is the first temperature in a cycle?

What happens at this temperature?

Make this model at your desk.

Draw what your template strand looks like at this temperature:

What is the next temperature? 

What happens at this temperature?

Make the model at your table and the draw what it looks like:

What is the last temperature?

What happens at this temperature?

Do this at your table.  Grab nucleotides “randomly”.  When you grab one with a sticker, the nucleotide chain stops because it is DIdeoxy. 
Draw what your model looks like at the end of cycle 1 and before cycle 2.

Cycle 2:

What is the first temperature?

What will happen to your template and the PCR product?

What is the second temperature?

What happens at this temperature?

Will the primer bind to the template, to the PCR product, or both?

Simulate what happens at the third temperature.

What is the sequence of your PCR product for cycle 2?

Do cycles 3, 4, and 5. If you are lazy and don’t go through the modeling process of grabbing nucleotides and randomly grabbing a ddNTP, then you will be asked to draw each step.  If you take the time to kinesthetically sequence your DNA, then all you need to write down is the sequence of the PCR product for cycles 3, 4, and 5.

Cycle 3 PCR product:

Cycle 4 PCR product:

Cycle 5 PCR product:
Activity questions:

1. We started with double stranded DNA.  Half of it was used as the template for sequencing. What happened to the other half? 

2. Was the other half of the starter DNA ever used as a template?   

Explain why or why not.

3. Are all of your PCR products the same length?

Explain why or why not.

Class results:
We need to organize our PCR products. 

Should they go in order of largest go first and smallest go last, or smallest go first and largest go last?
As calmly as possible, let’s simulate having our PCR products go through the laser. 

We need someone to call off the letter of the ddNTP as it goes through the laser.

Write the sequence of the PCR product here:

Will 3’ or 5’ go at the beginning of the sequence as we have it written?


Explain.

Analysis questions:

1. When we did the Alu experiment, how many bands could have shown up in a lane? 
Why?
2. What was the template for the Alu experiment?

3. Where did the alleles come from for the Alu experiment?
4. When we did the GMO PCR experiment, how many bands could have shown up in a lane?

Why?
5. What was the template for the plant primers?
6. What was the template for the GMO primers?
7. If no band showed up in the GMO primer lane in the gel, did what did that mean?
8. If a band showed up in the GMO primer lane in the gel, what did that mean in terms of the source DNA?
9. For sequencing, what is the template?  
10. How many copies of the target sequence exist if we are sequencing genomic DNA of humans?

Explain.  Where do our copies of genomic DNA come from?
11. How many copies of the target sequence exist if we are sequencing mitochondrial DNA (mtDNA)?

Explain.  Where do our copies of mitochondrial DNA come from? How do we inherit our mitochondria?
12. Are we sending our mitochondria to CSHL or a PCR product that was made using mtDNA as the template?    

Why?

13. With sequencing one does not run a normal agarose gel. Why not?

14. If we are sequencing a 400 bp PCR product, why do we get cycle sequencing PCR products with lots of different lengths?

15. If there is only “one” template for the cycle sequencing, why will we get back a sequence that has some uncertainty for some of the nucleotides?
16. Why are we referring to nucleotides instead of to base pairs?
17. Why are we only writing down the letter of the ddNTP? Don’t the other letters mean something?

18. Why do you think we need to send off our PCR products so that they can be cycle sequenced and run on a gel in a more advanced lab setting?  (Serious answers are recommended.)
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