Marine Biotechnology & Bioinformatics for Teachers

Moss Landing Marine Labs NSF ITEST Grant
Teacher lesson plan for classroom use

[image: image1.jpg]


PCR

Title of Lesson: PCR Amplification of Mussel DNA

Objective:  To make many copies of a specific gene in the DNA for use in downstream applications

Designed by: Cristie Kirlin and Dr. Simona Bartl (sbartl@mlml.calstate.edu)

Background

This activity fulfills the following Science Standards:

· California State
· Chemistry 

· Grade 8: 5a, 6c

· Grades 9-12: 2a-c, 6a-f, 8a-d

· Biology

· Grade 7: 2e, 3a

· Grades 9-12: 1b, 1d, 1h, 2a-g, 4a-f, 5a, 5b, 5d

· Investigation and Experimentation

· Grades 6-7: 7b

· Grade 8: 9a

· Grades 9-12: 1 a/b, 1.1

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

· Content Standard C: Life Science

· Content Standard E: Science and Technology
Safety

When working with chemicals, always wear a lab coat, disposable gloves, and protective goggles. For more information about chemicals, consult the appropriate material safety data sheets (MSDSs).

Materials/Resources

In order to complete this lesson, the following materials are needed for 40 reactions (1 reaction for each DNA sample).
· GoTaq Green 2X PCR Mix (contains GoTaq® DNA Polymerase, 2X Green GoTaq® Reaction Buffer, 400 (M dATP, 400 (M dGTP, 400 (M dCTP, 400 (M dTTP, 3 mM MgCl2 and loading dye). Store at 4oC for up to 6 weeks or at –20oC indefinitely (recommended); minimize the number of freeze-thaw cycles by storing in working aliquots.

· PCR grade water 

· Forward and Reverse primers 
· PCR tubes (1 per reaction)

· 1.5 ml centrifuge tubes (5 per group)

· Tube racks (1 per group)
· Pipette tips (1 box of 200 (l capacity per group)

· Solid waste containers (e.g. plastic 500 ml beakers, 1 per group)

· Containers with ice (~2 cups per station)

· Pipetters (1 set of 2-20 (l and 20-200 (l capacity per group)

· Microcentrifuge 

· PCR machine (thermocycler with heated lid, with capacity for 40-0.5 ml reaction tubes. If PCR machine does not have heated lid, mineral oil is required). 

· Working DNA stock (sample DNA diluted with water to concentration of <250 ng per 10 (l) 

Procedure                    
Time needed for lesson

· Pre-lab: approximately one hour to aliquot reagents (any time before lab, see below) and 20 minutes immediately prior to lab

· Lab: one 50 minute period, plus transfer of reaction tubes from thermocycler to 4oC or –20oC        approximately 2 hours after PCR cycling is initiated 

Pre-lab:

1. Program thermocycler with primer-specific parameters. 

Thermal cycling parameters


	# of cycles
	Step
	Time
	Temp.

	1
	Initial Denature
	2 min.
	94°C

	35 (3-step loop)
	Denature
	30 sec.
	94°C

	
	Anneal
	30 sec.
	53°C

	
	Extension
	1 min.
	72°C

	1
	Final Extension
	4 min.
	72°C


2. Remove reagents (GoTaq, MgCl2, water, primers) from the freezer and thaw on ice (5-10 min).

3. Aliquot reagents into volumes large enough to be used by each group. Each reagent should be in its own tube.  Aliquot sufficient reagents for 2 additional reactions per group of 4 students. Store on ice for up to 1 hour.  (Store aliquotted reagents at –20oC indefinitely.) 

This protocol is designed for each group of students to make their own Master Mix, aliquot the Master Mix into PCR tubes, and add DNA to each PCR tube. Depending on what level of student involvement is appropriate, you can:

(1) Have students follow steps 1-9 as written OR
(2) Make the Master Mix yourself and aliquot it into tubes to be shared by each group. The students will need to do steps 1, 6-9 OR
(3) Make the Master Mix yourself and aliquot it directly into PCR tubes. The students will need to do steps 1, 7-9. 
4. Distribute aliquotted reagents, ice, working DNA stock and 1.5 ml tubes to each station.

Lab:

1. Prepare a separate Master Mix for each of your 3 PCR reactions:  ITS, Glu and CO3.  Use the tables below to calculate the volume of each reagent. 

Always prepare enough Master Mix for one reaction more than needed as some of the Master Mix will stick to the tube. If you make a Master Mix for the exact number of samples you are running, you may run short at the end.

  ITS Master Mix (25ul reaction including DNA template)
	Reagent
	Reagent conc.
	Final conc.
	Vol./reaction
	# reactions

	GoTaq Green PCR mix
	2X
	1X
	12.5 (l
	

	ITS forward primer
	10 (M
	0.3 (M
	0.75 (l
	

	ITS reverse primer
	10 (M
	0.3 (M
	0.75 (l
	

	MgCl2 
	--
	--
	--
	

	Water
	--
	--
	6.0 (l
	

	Total Master Mix


	--
	--
	20.0 (l
	


Glu Master Mix (25ul reaction including DNA template)
	Reagent
	Reagent conc.
	Final conc.
	Vol./reaction
	# reactions

	GoTaq Green PCR mix
	2X
	1X
	12.5 (l
	

	Glu forward primer
	10 (M
	0.3 (M
	0.75 (l
	

	Glu reverse primer
	10 (M
	0.3 (M
	0.75 (l
	

	MgCl2
	25mM
	0.5uM
	0.5 (l
	

	Water
	--
	--
	0.5 (l
	

	Total Master Mix


	--
	--
	15.0 (l
	


CO3 Master Mix (50ul reaction including DNA template)
	Reagent
	Reagent conc.
	Final conc.
	Vol./reaction
	# reactions

	GoTaq Green PCR mix
	2X
	1X
	25 (l
	

	CO3 forward primer
	10 (M
	0.3 (M
	1.5 (l
	

	CO3 reverse primer
	10 (M
	0.3 (M
	1.5 (l
	

	MgCl2
	--
	--
	--
	

	Water
	--
	--
	12.0 (l
	

	Total Master Mix


	--
	--
	40.0 (l
	


2. Label one PCR tube for each sample.  

3. Label one 1.5 ml tube for each Master Mix (3 per group).

4. Once GoTaq is thawed, vortex to mix.  Centrifuge at low speed for 5 seconds to collect liquid at bottom of tube, if necessary. 

This is a crucial step, as GoTaq is a solution of several ingredients, all of which must be present for PCR to succeed.
5. Prepare each Master Mix on ice in a labeled tube using the reagent volumes you calculated in step 1.  Make sure to check off each reagent once you’ve added it to your Master Mix.

6. Vortex each Master Mix to ensure solution is well mixed. Centrifuge at low speed for 5 seconds to collect liquid at bottom of tube, if necessary.

7. Aliquot each Master Mix into a labeled PCR tube on ice.  See table below for volumes:  
Each person should have 3 labeled PCR tubes (one for each PCR reaction).  Aliquot the corresponding Master Mix into each PCR tube (i.e. ITS Master Mix ONLY in ITS PCR tube). 

	PCR Protocol
	Master Mix volume

	ITS
	20 (l

	Glu
	15 (l

	CO3
	40 (l


8. Before adding working DNA stock to PCR tubes with Master Mix, flick each DNA tube with index finger to mix (vortexing may damage DNA). Using a NEW pipette tip for each sample, transfer the appropriate volume of working DNA stock into labeled PCR tubes on ice and stir twice with tip.  See table below: 

	PCR Protocol
	Working stock DNA volume

	ITS
	5 (l

	Glu
	10 (l

	CO3
	10 (l


9. Once all reactions are set up, place PCR tubes in thermocycler.  When all tubes are in the machine, the instructor will start the temperature cycling protocol. 

Make sure the heated lid is enabled so liquid does not condense at the top of tubes, disrupting reaction efficiency. If the machine does not have a heated lid, one drop of mineral oil must be added to each reaction just before the tubes are capped in step 7. The cycling protocol will take approximately 2 hours to complete.

10. Once cycling is complete, store samples at 4oC (up to a week) or -20oC (indefinitely).
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