


2 VISIT  www.edvotek.com   for complete experiment details & free student protocols.

EDVOTEK® WORKSHOPUsing the Polymerase Chain Reaction to Identify GM Foods

Introduction

For centuries, selective breeding and conventional hybridization were used to produce desirable qualities in 
food crops. Today, genetic engineering directly manipulates the DNA, quickly producing these traits. Due to 
controversy, some companies removed GM ingredients from their foods. In this workshop, snack food DNA 
is extracted and analyzed using PCR and Electrophoresis. 

Background Information

WHAT ARE GENETICALLY MODIFIED ORGANISMS?

Over the past one hundred years, genetic research has greatly increased our understanding of the genome 
(the hereditary material of an organism encoded by its DNA) and its role as a blueprint for all processes 
within an organism.  Variations in the DNA sequence, called mutations, can cause changes in the way 
an organism interacts with its environment.  Most mutations result in negative effects for the organism; 
however, on occasion, a mutation grants an organism an advantage that promotes survival in its particular 
environment.  

Humans have long recognized and taken advantage of genetic variation through traditional plant and 
animal husbandry techniques.  For centuries, selective breeding and conventional hybridization have been 
used to increase crops yields or give rise to other desirable qualities.  For example, the corn we eat today 
was produced by artifi cial selection.  Ages ago, farmers may have noticed that one plant was producing 
larger, more fl avorful kernels, while another plant was producing more ears.  By crossing the two plants, 
these farmers encouraged those traits (observable characteristics) in the next generation.  This allowed for 
the development of plants that yielded the best possible product—a plant with many ears of large, deli-
cious kernels of corn.  In this way, over the last fi fty years—a period during which the world population 
more than doubled, but farmland only increased by 10%—selective breeding and new agricultural tech-
nologies have allowed food yields to increase 25% per person!

While it used to take years of selective breeding to produce the genomic changes necessary to give rise to 
such desirable traits, the advent of biotechnology has accelerated this pace.  The introduction of genetic 
engineering now allows scientists to directly manipulate a DNA sequence in order to generate desirable 
traits.  Many technologies have also been developed to introduce foreign genetic material into plants.  
One example is the biolistic (or “gene gun”) method.  Using this approach, the DNA is bound to tiny metal 
beads that are then propelled through the walls of embryonic plant cells.  Treated cells are then monitored 
for specifi c markers, the presence of which indicates that the gene of interest is likewise expected to be 
present.  The transformed embryonic cells are then used to generate adult plants.

Another method relies on Agrobacterium tumefaciens, a natural plant parasite that transfers some of its 
own genetic material (in the form of the Ti-plasmid) into the plant cells.  Normally, this transferred DNA 
results in the formation of plant tumors (crown galls), which are the preferred environment for Agrobacte-
ria.  When the tumor genes are replaced with a gene of interest, the bacteria will transfer this gene as part 
of the Ti-plasmid, thus creating a transgenic plant.  This technique works best with plants like tomatoes, 
apples and soybeans.

Current plant biotechnology promises to increase both the yield and nutritional value of many food crops.  
For example, “Bt-corn” expresses a naturally occurring pesticide to protect itself against parasites.  This 
technology allows farmers to use less chemical pesticides, some of which are harmful to people and the 
environment.  Another success story is that of “golden rice”, named for its yellow color, which has been 
modifi ed to produce β-carotene, a precursor of vitamin A.  Normally, rice, a staple food for much of the 
world population, does not provide β-carotene or vitamin A.  Because vitamin A defi ciency is a widespread 
problem in developing countries, switching to cultivation of “golden rice” and other nutrient-supplement-
ed crops in these areas represents major progress in combating malnutrition.
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In addition to boosting crop yields and enhancing nutrition, genetically modifi ed foods may soon allow 
for the synthesis and delivery of various pharmaceutical products.  In “pharming”, transgenic plants can be 
used to make proteins with medicinal value like insulin or growth hormone.  “Farmaceuticals” can be pro-
duced in many crops, including tobacco, carrots, tomatoes, soybeans and rice.  By taking advantage of engi-
neering DNA within the chloroplast, which maintains high protein expression levels and does not distribute 
its DNA via pollen, scientists may one day be able to generate great amounts of pharmaceuticals with little 
chance of non-target exposure to the product.

A growing area of plant biotechnology is the use of antisense technology.  This technique takes advantage 
of the natural process of RNA silencing to modify the expression levels of an endogenous (naturally occur-
ring) gene.  Scientists transform plant cells with a plasmid that codes for short RNA fragments (~20-25 bp) 
that contain a sequence complementary to an endogenous mRNA.  When these two RNAs bind to each oth-
er, translation of the endogenous mRNA is inhibited and a protein product is not synthesized.  For example, 
Flavr Savr tomatoes contain antisense RNAs that target the polygalacturonase (PG) gene.  Normally, the PG 
enzyme digests pectin in the tomato’s cell wall, making the fruit softer and causes damage to the tomato 
during shipping.  In contrast, the Flavr Savr tomato “turns off” production of the PG enzyme, slowing the 
softening process.  Therefore, the tomatoes are less fragile.  In the future, such antisense technology could 
be used to create allergy-free peanuts and low protein rice for people with kidney disease.  

ETHICS OF GENETICALLY MODIFIED ORGANISMS

Tomatoes, soybeans and corn were among the fi rst genetically modifi ed food products approved by U.S. 
agencies in the 1990s.  Since then, the safety, effi cacy and benefi ts of GM foods have been debated at 
a global level.  Many studies of GMOs and related technologies have been published in leading peer-
reviewed science journals like Nature and Science.  Proponents of GM technology cite studies showing 
improved quantity and quality of plants, decreasing costs for growers, and benefi ts for the environment.  
Critics of GM technology fear the spread of transgenes to other crops, increased allergens, and the creation 
of unanticipated dangers to people and the environment.

The responsibility of public health and policy concerning GMOs rests on the shoulders of the government 
and the biotechnology industry.  The United States government has carefully monitored GM food produc-
tion and created strict regulations to protect the health of Americans.  There are several federal agencies 
in the United States that oversee food safety:  the Federal Drug Administration (FDA) is responsible for the 
safety of human and animal food products; the U.S.  Department of Agriculture (USDA) oversees the de-
velopment of new plant varieties and their use in farming; and the Environmental Protection Agency (EPA) 
monitors pesticide levels in plants and determines what is acceptable for human consumption.  To gain 
acceptance, the plant biotechnology industry must communicate its research and development of new GM 
food products effectively to these agencies.  

DO SCHOOL CAFETERIAS OFFER GM FOODS?  USING PCR TO IDENTIFY GMOS

Over the past several years, the U.S. government has focused on improving nutrition in schools across 
the country.  In order to determine whether students are consuming GM foods in schools, the FDA com-
missioned a study to analyze corn snacks.  High schools in Arkansas, Florida and California sent the FDA 
samples of the most common corn snacks served in their cafeterias (Figure 1).  DNA was extracted from the 
snacks and analyzed using the Polymerase Chain Reaction (PCR).  PCR has revolutionized biological research 
because it allows researchers to quickly create many copies of a specifi c region of DNA in vitro (Figure 3).

To perform PCR, purifi ed double-stranded DNA is mixed with primers (short synthetic DNA molecules that 
target DNA for amplifi cation), a thermostable DNA polymerase (Taq) and nucleotides.  The primers in this 
experiment are designed to amplify DNA sequences that are present in most genetically modifi ed organ-
isms:  the CaMV/35S promoter region, the the insecticide gene cryIF, and/or the plant chloroplast gene (Fig-
ure 2).  First, the mixture is heated to 94°C to denature the DNA duplex (i.e., unzip it into single strands).  
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Next, the sample is then cooled to 45°C-60°C, allowing the primers to base pair with the target DNA se-
quence (called “annealing”).  Lastly, the temperature is raised to 72°C, the optimal temperature at which 
Taq polymerase will extend the primer to synthesize a new strand of DNA.  Each “PCR cycle” (denaturation, 
annealing, extension) doubles the amount of the target DNA in less than fi ve minutes.  In order to produce 
enough DNA for analysis, twenty to forty cycles may be required.  To simplify this process, a specialized ma-
chine, called a “thermal cycler” or a “PCR machine”, was created to rapidly heat and cool the samples.  

Figure 1 
The most common corn snacks in three different high schools.  (A) a Kansas High School, (B) a Florida High 
School, and (C) a California High School.

BRIEF DESCRIPTION OF EXPERIMENT:

In this experiment, students will identify food that may contain the CaMV 35S promoter region, the insec-
ticide gene cryIF, and/or the plant chloroplast gene.  Amplifi cation of the PCR products will be performed 
and analyzed by agarose gel electrophoresis.

NOTE: 
Not all foods will consist of GMO material and may result in negative PCR products.  Also, the quality of 
DNA obtained from processed food will vary widely.  Consequently, positive PCR results (bands) are not 
guaranteed.  Foods that have worked well in the EDVOTEK testing laboratory include corn fl akes, soy crisps 
and corn chips. 
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Polymerase Chain Reaction

Figure 2
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Experiment Overview

LABORATORY SAFETY 

1. Gloves and goggles should be worn routinely as good laboratory practice.  

2. Exercise extreme caution when working with equipment that is used in conjunc-
tion with the heating and/or melting of reagents.

3. DO NOT MOUTH PIPET REAGENTS - USE PIPET PUMPS. 

4. Exercise caution when using any electrical equipment in the laboratory.

 • Although electrical current from the power source is automatically disrupted when the cover is 
removed from the apparatus,  fi rst turn off the power, then unplug the power source before discon-
necting the leads and removing the cover.

 • Turn off power and unplug the equipment when not in use.

5. EDVOTEK injection-molded electrophoresis units do not have glued junctions that can develop poten-
tial leaks.  However, in the unlikely event that a leak develops in any electrophoresis apparatus you are 
using, IMMEDIATELY SHUT OFF POWER.  Do not use the apparatus. 

6.  Always wash hands thoroughly with soap and water after handling reagents or biological materials in 
the laboratory.  

GEL SPECIFICATIONS:

This experiment requires a gel with the following specifi cations:

 Recommended Gel Size: 7 x 14 cm (or optional time-saver 7 x 7 cm)
 Number of Samples Wells: 6
 Placement of the Well-former Template: First set of notches
 Gel Concentration Required: 2.0%

Includes:
6 Cat. #502 M12 Electrophoresis Apparatus 
3 Cat. #509  DuoSource™ 150 (75/150 V, for 1 or 2 units)
6 Cat. #590 Variable Micropipets (5 - 50 μl)
2 Cat. #534 Piccolo™ Microcentrifuge
1 Cat. #541 EdvoCycler™ (25 x 0.2 ml)
1 Cat. #558 Midrange UV Transilluminator 
1 Cat. #539 Edvotek® 1.8 L Waterbath

Supports up to 25 Students

Cat. # 5067

Wear gloves 
and safety goggles

Cat. # 5067
Classroom PCR LabStation™



7CONTACT US?    CALL 1.800.EDVOTEK •  Fax 202-370 -1501  •  email info@edvotek .com

EDVOTEK® WORKSHOP Using the Polymerase Chain Reaction to Identify GM Foods

Module I: Isolation of DNA from Food

Chip samples are homogenized in a solution that releases the DNA from the cell by breaking down cellular 
and nuclear membranes in a process called lysis.  This protocol will take one lab period.  In the interest of 
time, the lysis has already been performed.  We will be isolating the DNA by isopropyl alcohol precipitation.

1. Add an equal volume of 100% isopropanol to the supernatant to precipitate DNA. 

2. Incubate sample on ice for fi ve minutes.

3. Spin the tube at maximum speed for fi ve minutes

4. Remove and discard the supernatant from the pellet. (Do not disturb the pellet!)

5. Allow the pellet to dry completely (~10 minutes).

6. Dissolve the DNA pellet in 300 µl of TE buffer. 

Online Resources
Here at EDVOTEK®, we’ve created Quick Guide manuals, FREE for you to download off our website.  
We have also fi lmed several Instructional Videos that show step-by-step procedures.  We hope you take 
advantage of these resources and enjoy teaching and learning with EDVOTEK®!

www.edvotek.com/Quick-Guides

Tech
Video

www.youtube.com/EdvotekInc
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Module II: Amplification of DNA

1.   ADD 20 µL GMO primer mix (Component G), 5 µl extracted DNA (H) 
and the PCR EdvoBead™ to a labeled 0.2 mL tube. 

2.   MIX the PCR sample.  Make sure the PCR EdvoBead™ is completely 
dissolved.

3.   CENTRIFUGE to collect the sample at the bottom of the tube.
4.   AMPLIFY DNA using PCR:

 PCR cycling conditions:
 Initial denaturation 94°C for 10 min.
 Amplifi cation - 50 cycles
  94° C for 1 min.
  63° C for 1 min.
  72° C for 1 min.
 Final Extension 72° C for 10 min.

5. PLACE tubes on ice.   ANALYZE samples using agarose gel electropho-
resis.

OPTIONAL STOPPING POINT
The samples can be held in the thermal cycler at 4°C or 
frozen after addition of 5 µl of 10x Gel Loading Solution 
until ready for electrophoresis.

1. 2. 3.

5.4.

SPIN

• 20 µl specific primer mix
• 5 µl extracted DNA
• PCR EdvoBead™

Gently mix

#1

Wear gloves 
and safety goggles

Cat. #541

EdvoCycler™
Holds 25 x 0.2 ml 
sample tubes. 
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60°C

60°C

1:00

20
min.

WAIT

1. 3.

4. 5.

6. 7.

Caution!  Flask will be HOT!

Concentrated
buffer

Distilled
water

Agarose

2.50x

Pour

Flask

1.   DILUTE concentrated (50X) buffer with distilled water to create 1X buffer (see Table A).
2. MIX agarose powder with 1X buffer in a 250 ml fl ask (see Table B).
3.   DISSOLVE agarose powder by boiling the solution. MICROWAVE the solution on high for 1 minute. 

Carefully REMOVE the fl ask from the microwave and MIX by swirling the fl ask. Continue to HEAT the 
solution in 15-second bursts until the agarose is completely dissolved (the solution should be clear like 
water).

4.   COOL agarose to 60° C with careful swirling to promote even dissipation of heat.
5.   While agarose is cooling, SEAL the ends of the gel-casting tray with the rubber end caps.  PLACE the 

well template (comb) in the appropriate notch.
6.   POUR the cooled agarose solution into the prepared gel-casting tray.  The gel should thoroughly solidify 

within 20 minutes.  The gel will stiffen and become less transparent as it solidifi es.
7.   REMOVE end caps and comb. Take particular care when removing the comb to prevent damage to the 

wells.

NOTES:

7 x 14 cm gels are 
recommended.  Each gel 
can be shared by 4 stu-
dents. Place well-former 
template (comb) in the 
fi rst set of notches.

If you are unfamiliar 
with agarose gel prep 
and electrophoresis, 
detailed instructions and 
helpful resources are 
available at 
www.edvotek.com

Separation of PCR Reactions by Agarose Gel 
Electrophoresis

50x Conc.
Buffer

Distilled
Water+

EDVOTEK
Model #

Total Volume 
Required

1x Electrophoresis Buffer (Chamber Buffer)

M6+

M12

M36

300 ml

400 ml

1000 ml

Dilution

Table

A

6 ml

8 ml

20 ml

294 ml

392 ml

980 ml

1X Dilluted 
Buffer

Size of Gel
Casting tray

7 x 7 cm

7 x 14 cm

25 ml

50 ml

+

Individual 2.0% 
UltraSpec-Agarose™ Gel

Table

B
Amt of
Agarose

0.50 g

1.0 g

Wear gloves 
and safety goggles



10 VISIT  www.edvotek.com   for complete experiment details & free student protocols.

EDVOTEK® WORKSHOPUsing the Polymerase Chain Reaction to Identify GM Foods

Separation of PCR Reactions by Agarose Gel 
Electrophoresis, continued

8.   PLACE gel (on the tray) into electrophoresis chamber. COVER the gel with 1X electrophoresis buffer (See 
Table A for recommended volumes). The gel should be completely submerged.

9.  LOAD the entire sample (30 µL) into the well.
10.  PLACE safety cover.  CHECK that the gel is properly oriented.  Remember, the DNA samples will migrate 

toward the positive (red) electrode.
11.  CONNECT leads to the power source and PERFORM electrophoresis (See Table C for time and voltage 

guidelines).
12. After electrophoresis is complete, REMOVE the gel and casting tray from the electrophoresis chamber 

and proceed to STAINING the agarose gel.

Reminder:
Before loading the 
samples, make sure the gel 
is properly oriented in the 
apparatus chamber.

Time and Voltage Guidelines
(2.0% Agarose Gels)

Volts

 125
  70
  50

30 min.
 60 min. 
 90 min.

Table

C
Time: 7 x 7 cm gel
~4.0 cm migration

60 min.
 120 min. 
 150 min. 

Time: 7 x 14 cm gel
~6.5 cm migration

Lane Label Sample Name

1  A  100 bp ladder

2  B  Positive control

3  C  Negative control

4  D  Kansas High School

5  E  Florida High School

6  F  California High School

8. 9.

10. 11.

LOAD 
samples.

PLACE safety cover. CONNECT to 
power source.

POUR
1X Diluted
Buffer.

PLACE gel and tray.



11CONTACT US?    CALL 1.800.EDVOTEK •  Fax 202-370 -1501  •  email info@edvotek .com

EDVOTEK® WORKSHOP Using the Polymerase Chain Reaction to Identify GM Foods

InstaStain and FlashBlue are trademarks of Edvotek, Inc.  SyBr® Safe is a trademark of Life Technologies Corporation.

FlashBlue™ Stain  •  Simple & Rapid  •  Stain in Less Than 5 Minutes! 

1 2 3 4

Remove the agarose gel from its bed 
and totally submerse the gel in a small, 
clean tray.  To stain a 7 x 7 cm gel, add 
75 ml of distilled or deionized water.  
The agarose gel should be completely 
covered with liquid.

Gently float a card of InstaStain® Blue 
with the stain side facing the liquid (blue 
side down).  The gel will be ready for 
visualization in approx. 1 hour. For best 
results, cover the gel and let soak in the 
liquid overnight.

The gel is now stained, destained and 
ready for photography.  

For optimum visibility, transfer the gel to a 
white light visualization system.

1 2 3 4

After electrophoresis, wear gloves and 
place the gel in a small gel staining tray.  
Pour 75 ml of 1x FlashBlue™ stain into 
the tray, enough to cover the gel.  Allow 
the gel to stain for no longer than 5 
minutes.

Transfer the gel to another container with 
250-300 ml distilled water.  Gently agitate 
container every few minutes or place on 
a shaking platform.  Destain for at least 
an hour (longer periods will yield better 
results).

After destaining, gel should have a light 
blue background and well-stained DNA 
bands.  

For optimal visibility, examine the gel on a 
white light visualization system.

1 2 3 4

After electrophoresis, wear gloves and 
place the gel in a small gel staining tray.  
Moisten with a few drops of buffer.

Remove clear plastic protector and place 
the unprinted side of the InstaStain® 
Ethidium Bromide card on the gel.  Firmly 
run your fingers over the entire surface of 
the card.  Do this several times.

Place a small weight on top to ensure the 
card maintains direct contact with the gel.  
Stain the gel for 3-5 minutes.

After staining, remove the InstaStain® 
card.  View gel on a UV transilluminator.  
Be sure to wear UV protective goggles.

InstaStain® Blue  •  Saves time & minimizes chemical waste! 

InstaStain® Ethidium Bromide  •  Minimizes chemical waste  •   Stain in 3-5 Minutes! 

SyBr® Safe DNA Stain   •  Non-mutagenic  •  Ultra-sensitive   •  Safe  •   Stain in 10-15 Minutes! 

1 2 3 4

After electrophoresis, wear gloves and 
place the gel in a small gel staining tray.  
Add approx. 75 ml of 1x SYBR® Safe 
stain to the tray, enough to cover the gel.

Allow the gel to stain for 10-15 minutes.  
(Agitation is optional.)

Wearing gloves, carefully remove the gel 
and transfer to a short/mid-range UV 
Transilluminator or blue bright light box.

Be sure to wear UV protective goggles. 
while visualizing DNA bands.
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Experimental Results and Analysis

* NOTE:   
Depending on the PCR conditions used, a diffuse, small-molecular weight band, known as a "primer 
dimer", may be present below the 100 bp marker (shown in the idealized schematic at the bottom of 
the gel).  This is a PCR artifact and can be ignored.  Other minor bands may also appear due to non-
specifi c primer binding and the subsequent amplifi cation of these sequences.

Lane 1  100 bp ladder
Lane 2  GMO Positive Control 
Lane 3  GMO Negative Control
Lane 4  Kansas High School 
Lane 5  Florida High School 
Lane 6  California High School

In this experiment, results will vary depending 
upon the type of genetic modifi cation (if any) 
in the food source chosen by the student(s).  
Successful genomic DNA purifi cation from 
foodstuffs can have a signifi cant impact on 
the PCR amplifi cation and gel electrophoresis 
results.  Poor results and quality of extracted 
genomic DNA can be caused by an unsuc-
cessful extraction attempt.  For optimal DNA 
preparation, particular attention should be 
paid to the extraction process as described in 
the protocol.

For 10 Groups. Some foods contain raw materials from geneti-
cally modifi ed organisms (GMO). Examples include tofu, corn 
fl akes and corn meal. In this experiment, your students will 
extract DNA from food or plant material and perform PCR to 
determine if any GM indicator genes are present.  Amplifi ed 
DNA is separated and sized by agarose gel electrophoresis.

Cat. #962 

Identification of Genetically 
Modified Foods Using PCR

Tech
Video

Video: Performing 
Agarose Gel 
Electrophoresis

Video: Preparing 
Agarose Gels

youtube.com/EdvotekInc

Video: Staining with
InstaStain® Blue

Video: Staining 
with FlashBlue™

Video: Staining with
InstaStain® 
Ethidium Bromide

Video: Staining 
with SYBR® Safe


