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GMO/PCR
An examination of Genetically Modified Organisms using PCR
Standard statement(s):

3.2.12 B  Evaluate experimental information for appropriateness and adherence to relevant science processes.

· Interpret results of experimental research to predict new information or improve a solution.

3.3.12 C  Explain gene inheritance and expression at the molecular level.

· Analyze gene expression at the molecular level.

· Describe the roles of nucleic acids in cellular reproduction and protein synthesis.

· Describe genetic engineering techniques, applications and impacts.

3.3.12B  Analyze the chemical and structural basis of living organisms.

· Describe potential impact of genome research on the biochemistry and physiology of life.

3.6.12A  Analyze biotechnologies that relate to propagating, growing, maintaining, 



adapting, treating and converting.

· Analyze specific examples where engineering has impacted society in protection, personal health application or physical enhancement.

· Apply knowledge of agricultural science to solve or improve a biochemical related problem.

3.7.12A  Apply advanced tools, materials and techniques to answer complex questions.

· Select and safely apply appropriate tools, materials and processes necessary to solve complex problems that could result in more than one solution.

4.4.12B  Describe how agricultural science has influenced biotechnology.

· Investigate how bio-engineered crops may influence the food supply.

Introduction and Background:

The first genetically modified (GM) crop was on the market in the U.S. in 1996. Potential health and environmental risks have been debated ever since. GM crops have been modified by the insertion of foreign genetic material, for example, a gene may have been inserted from another species from another kingdom (recombinant DNA). Currently, many of the GM crops gene’s are coding for traits that include pest resistance, herbicide tolerance, delayed fruit ripening, and improved yield. In this lab you will extract DNA, use Polymerase Chain reaction (PCR), and gel electrophoresis in an attempt to determine if your test crop has been genetically modified.  


PCR is a process used to create millions of copies of DNA from a small amount (or a single strand) of a specific, targeted DNA sequence.  Just 20 cycles of PCR produces over a million copies of the targeted DNA sequence.  (Thirty cycles of PCR produces over one billion copies.)  Used in crime labs as well as genetics labs, this process consists of several distinct steps, based upon our knowledge of the process of DNA replication, taking place at specific temperatures.  To accomplish these varying temperatures, a device called a thermocycler is used.  


The first step in the PCR process is called the denaturation step.  This step heats the DNA to a temperature that breaks the H-bonds between the nitrogen bases thereby exposing the bases.  The typical temperature for this step is 94(C.  This step mimics the action of helicase in DNA replication.


The second step in the PCR process is called the annealing step (or the hybridization step).  This step cools the DNA to a temperature between 50 and 65(C so that the primers can anneal to the targeted DNA strand.  One primer is complementary to the 5’ to 3’ portion of the targeted strand, and the other primer is complementary to the 3’ to 5’ portion of the targeted strand.  


The third step in the PCR process is called the extension step.  During this step, the temperature of the reaction is again increased.  The usual temperature for this step is 72(C.  This higher temperature is the temperature at which the Taq polymerase works best. The Taq polymerase replicates the DNA strands in vitro just as DNA polymerase does in vivo.  The end result is just like replication in vivo—two identical strands of DNA, half parent strand and half daughter strand. It should be noted that the primers begin replication, but there is no “stop” to end replication.  Therefore, the first few cycles of PCR create DNA strands longer than the specific targeted sequence.  
Guiding questions:

1. Do you think your test food has been genetically modified?

2. How will you determine if the test food has been GM? 

3. Why will you also perform analysis on food that is known to be a non-GMO food?
Vocabulary:


Genetically Modified Organism (GMO) – Genetically modified organism.  

Gel Electrophoresis - Uses electrical current to separate DNA fragments of different lengths on an agarose gel.  DNA fragments (- electrical charge) are attracted to the + pole in an electric field.  Linear (unfolded) DNA migrates at a rate inversely proportional to the size of the fragment. The larger the fragment the slower it migrates. Therefore, larger fragments do not migrate very far from the well, while smaller pieces of DNA move farther.                                                                               
Agarose – A matrix forming polysaccharide obtained from red algae, that forms a porous gel when reconstituted with H2O and heated.  It is used in the separation  of macromolecules such as RNA and DNA.

Buffer – The tris-acetic acid-EDTA (TAE) buffer in this laboratory provides electrical conductance and pH stabilization during the electrophoresis procedure.   

fragments of various lengths. These enzymes were discovered in bacteria.

PCR - Polymerase chain reaction is a technique used to create millions of copies

of DNA from a small quantity such as you might find in a few cells.  This is accomplished by placing the DNA sample into a machine called a thermocycler along with enzymes, nucleotides, and other pieces of predesigned DNA, which initiate the production of millions of copies of the original sample in a few hours. 

Marker DNA – Multiple DNA bands used as a positive control for the electrophoresis and staining procedures.

Polymerase Chain Reaction (PCR)—an in vitro procedure for amplifying a specific sequence of DNA.  A series of reagents (nucleotides, primers, DNA polymerase and other reagents) are incubated at varying temperatures (using a thermocycler) to amplify the specific DNA sequence desired. 


Deoxynucleotide Triphosphates (dNTPs)—the basic building blocks of DNA 

consisting of a deoxyribose sugar, phosphate groups, and one of the 4 possible nitrogen bases.

Taq DNA polymerase—a heat-stable enzyme isolated from bacteria living in the steam vents in Yellowstone National Park.

Annealing—the process by which primers “find” and attach to their complementary base 


sequence within the targeted DNA.

Primers—sections of complementary DNA that anneal to the single-stranded, targeted DNA providing a small piece of double-stranded DNA from which the Taq DNA  polymerase can build or replicate (or extend) the rest of the DNA molecule, thereby creating a new complementary strand.

Materials
† = keep on ice or in freezer 
DNA extraction (Day 1)

6 p-100 pipetmen pipetter


6 boxes filtered p-100 pipet tips


6 10 mL graduated cylinder

6 weigh boats


1 p-1000 pipetmen pipeter


1 box p-1000 pipet tips


6 mortar and pestles


1 balance


6 screw cap tubes


1 L deionized water

micro centrifuge

waterbath w/thermometer

1 bottle of InstaGene

small ziplock with corn chips 

small ziplock with corn flour

6 fine-tip sharpies

PCR (Day 2)

42 PCR tubes


42 capless microtube adapters (used for centrifuging and keeping on ice)


6 foam floats 


thermo cycler


†master mix (1 vial)


†GMO primers (1 vial)


†Plant primers (1 vial)


GMO- positive DNA template - positive control (1 vial)

Gel electrophoresis (Day 3/4)

†Orange G loading dye (1 vial)

†PCR molecular weight ruler (1 vial)
6 gel staining trays

6 ReadyAgarose mini gels

2 power supplies

6 horizontal electrophoresis chambers

Fast BlastTM DNA Stain (500X)

6 light boxes
Safety:

1.  You will be working with high voltage electricity.  Directions must be  

     followed explicitly.

2. Gloves should be worn during staining and destaining procedures.

3. Goggles must be worn.

Procedure
DAY 1:  DNA extraction
1. Review introduction, background information, and vocabulary terms.

2. Obtain screwcap tube and label it “-GMO” (negative GMO).  Pipet 500 µL of InstaGene into the screwcap tube.
3. Weigh out 1 gram of negative GMO (mung beans) food and using a graduated cylinder add 5 ml of deionized water into a clean mortar and grind for 2 minutes into a slurry. 
4. Add 5 more ml again and mix and grind until smooth enough to pipet.

5. Pipet 50µL of the ground slurry to the screwcap tube containing the 500 µL of InstaGene. Cap the tube.

6. Shake or flick the tube with the test food containing InstaGene and then place in a 95˚C water bath for 5 minutes.
7. Repeat steps 1-6 with the “test food” (your choice, see recommendations in Teacher’s notes) sample.

8. Place all tubes in the Micro Centrifuge in a balanced conformation and centrifuge for 5 minutes at maximum speed. 

9. Store tubes in the refrigerator unit the next lesson.
DAY 2:  PCR Reactions

NOTE:  Before beginning—instructor must have prepared the master mix (as described in the teacher notes).
1. Label PCR tubes (small tubes with caps) 1-7. The PCR tube number will eventually correspond to the lane number that you will load them into.
2. You will leave PCR tube number one empty until Day 3 when you load the marker/ruler. Lane 8 will be empty.
3. Place each tube in a capless microtube adaptor and place in a foam float on ice. 
4. Prepare the following tubes, be sure to avoid the InstaGene pellet at the bottom of the screwcap tubes when pipetting. Use a fresh tip for each sample and mix by pipetting gently up and down. Recap tubes (See teacher notes for making cocktail containing primer and master mix).
	Tube number/

lane number
	Master mix + primer
	DNA

	1
	Leave empty
	Leave empty

	2
	20 µL plant cocktail (green)
	20 µL non-GMO food control (mung beans)

	3
	20 µL GMO cocktail (red)
	20 µL non-GMO food control (mung beans)

	4
	20 µL plant cocktail (green)
	20 µL GMO positive control (vial)

	5
	20 µL GMO cocktail (red)
	20 µL GMO positive control (vial)

	6
	20 µL plant cocktail (green)
	20 µL test food

	7
	20 µL GMO cocktail (red)
	20 µL test food


5. Arrange PCR tubes in green thermo cycler tray and into thermo cycler.

6. Plug in thermo cycler (there is no on/off switch) and press F1 (protocol library).

7. Select GMO from the protocols, and hit Enter. (It will run approximately 4 hours. The protocol will finish at 15˚C and stay there until you are ready to load and run your gels. This protocol allows you to come in the next day if you run out of time).

8. Unplug when you are ready to load and run your gels. 
DAY 3:  Loading and Running the Gel:  
1.  Remove ReadyAgaroseTM Mini Gel from packaging. Cut a notch in the lower right hand corner of the gel and place it in the electrophoresis chamber.  The notch allows you to identify the wells in the gel.  Orient the gels so that the wells are closest to the negative (-) or black electrode. If using the new equipment, place the gel and its tray into the electrophoresis chamber as described below.  Fill electrophoresis chamber with TAE buffer (this can be reused) until it covers the top surface of the gel.
3.  Obtain your PCR tubes from the thermo cycler and place them in the PCR Tube Capless Adapters in the MicroCentrifuge. Pulse-spin the tube for approximately 3 seconds.

4.  Add 10 µL of Orange G loading dye (LD) to each sample and mix well. Important:  A different micropipet tip should be used for each DNA sample.  You will need at least 7 tips.  
5.  Add 20 µL of the molecular weight ruler/marker to tube 1 mix with loading dye.

6.  Load 20 µL of each sample into your gel in the order indicated below:

	Tube number/

lane number
	Sample
	Load volume

	1
	PCR molecular weight ruler
	20 µL 

	2
	20 µL non-GMO food control with plant primers (wheat)
	20 µL 

	3
	20 µL non-GMO food control with GMO primers (wheat)
	20 µL 

	4
	20 µL GMO positive control with plant primers
	20 µL 

	5
	20 µL GMO positive control with GMO primers
	20 µL 

	6
	20 µL test food with plant primers
	20 µL 

	7
	20 µL test food with GMO primers
	20 µL 
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4.  Put the lid on the electrophoresis chamber such that black matches black and the red matches red. Connect the electrode to the power supply matching colors once again. Check that the power supply button is in the off position and plug in the power supply. Turn the power supply button to the “on” position. Set power supply at 200 volts2.  If using the new equipment, use the up and down arrows to dial in the 200 volts.  (Make sure that the red light on the left-hand side of the power supply is lit beside the “V” for voltage.) 
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5.  Record the time that you started.  DNA fragments will be drawn toward the positive
pole by the electricity.  Their progress can be followed by watching the loading dye in the DNA samples.  Run the gel for about 20 minutes. If using the new equipment, push the left hand button twice to get the red light beside the clock symbol.  Use the up and down arrows to dial in 20 min.  Push the “run” button—middle bottom button, left “runner” symbol—and look for bubbling in the chambers.  The unit will shut off automatically in 20 min.
6.  If possible, students can stop in later to stop the electrophoresis, or the teacher may watch and stop the process. To stop the process perform step 4 in reverse order. Any deviations from this procedure could cause shock.  If using the new equipment, this step is not needed.
7.  Remove the gel from the chamber and slide into a plastic bag until day 3. Store it in the refrigerator.

DAY 3/4 :  Staining the Gels
1.   Remove the gel from the tray and carefully slide it into a staining tray.

2.  Wearing latex gloves, flood gel with fast blast and allow to stand for 2 to 3 minutes (but no more than 3 minutes). The entire gel will turn blue. The stain can be reused so please pour it back into the original containers (It can be reused 7 times).

3.  To destain, rinse with warm (40-55ºC) tap water for about 10 seconds, swirling occasionally.  
4.  Transfer the gel into another tray containing warm, clean water and wash for 5 minutes (move the gel in the water once every minute).
5.  Repeat step 4.   
6.  Place the gel on the light box to view (overhead projectors also work).  The bands may appear fuzzy immediately after the second wash, but may continue to develop sharper bands within 15 minutes after second wash. A stained gel may be stored inside a sealed plastic bag and placed in the refrigerator for several weeks.  Do not freeze. 
7.  Destaining deionized water can be safely disposed down a drain.  Stained gels can be   

      placed in a wastebasket.  As mentioned earlier, please send the stain back to SIM.
7.  Complete lab report or follow directions from your teacher.
Data:
Make a sketch of your gel showing the bands of DNA fragments that appeared during the procedure you just completed.  You may attach a photo if one was taken.  Be sure to label each gel well even if it was not used and the positive and negative ends of the gel.
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Questions:
1.  What is your evidence that the electrophoresis process was successful?  Explain the evidence.
2.  Why do a series of bands appear in the gel?  What is true of the DNA fragment band(s) closest to the positive end of the gel?

3.  How can you tell if your test food was genetically modified? 
4.  Many foods containing GM crops are processed. How might DNA from whole plant material differ from that extracted from processed foods?
5.  Why are you performing two PCR reactions on each DNA sample?

Reference:
1,2 Bio-Rad Laboratories, Life Science Education Database. www.explorer.bio-rad.com (accessed May 24, 2007).

Credits:
Pictures and Products referenced produced by Bio-Rad Laboratories, Life Science Education. 
1-800-4-BIORAD (800-424-6723), www.explorer.bio-rad.com--permissions for use are on file with Science In Motion.
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