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Genetically modified organisms (GMOs) are organisms whose genetic composition has been
directly altered by humans with a special set of technologies. Much controversy has arisen over
the issue of genetic modification, because of the associated costs and benefits . While GMOs
provide obvious benefits such as increased nutrimental value, and better resistance to disease
pests and herbicides, there are so many unknowns about their potential threats that a sizeable
population of people is skeptical . The GMO status of a product can be confirmed by the
detecting presence of a specific regulatory DNA sequence. Genetic engineers use only a small
number of regulatory sequences (promoter and terminator sequences) to control the expression
of the inserted genes, so these sequences are common to the majority of genetically modified
crops.

Using PCR and gel electrophoresis is a method of testing for the presence of a specific sequence
of DNA . The status of genetic modification is indicated by the presence or absence of a band.
The presence of a band implies the presence of the 35S promoter and NOS terminator,
indicating that the sample is a GMO. The absence of a band implies that the sample is non-
GMO. I tested the hypothesis that products from Marin County labeled as �¶�R�U�J�D�Q�L�F�·and �¶�1�R
Genetically Modified �2�U�J�D�Q�L�V�P�V�·would not contain GMOs.

In the modern world, technology has had a huge impact on our everyday lives . A large
proportion of the food we consume has been genetically modified . Genetic modification (GM) is a
special set of technologies that alters the genetic composition of living organisms such as plants,
animals, and bacteria . Some of benefits of GMOs include the following : Crops have enhanced
taste and quality, reduced maturation time, increased nutrients yields and stress tolerance, and
improved resistance to disease pests and herbicides . Similarly, animals have increased
resistance, production, hardiness, and feed efficiency, as well as better yield of products such as
eggs and meat, and have improved health .1 Environmentally, GMOs are beneficial because they
contain friendly bioherbicides and bioinsecticides ; they conserve soil, water, and energy; and
they have proven to be better for natural waste management . GMOs also promise food security
for growing populations . However, there are many concerns about GMOs. It is argued that
GMOs have potential human health impacts : Genetically modified foods could act as allergens
or transfer antibiotic resistance markers .3 There are also potential environmental impacts, due
to the unintended transfer of transgenes through cross-pollination . Other concerns include
issues with access and intellectual property such as the increasing dependence on
industrialized nations by developing countries and exploitation, ethical issues such as the
violation of natural organisms' intrinsic values and objection to cross-kingdom gene transfer,
and labeling concerns about a standard of awareness for customers. 4

Currently in the United States, genetically modified foods do not have to be labeled as such,
and if the content is less than 5% genetically modified they can be labeled as genetically
modified organism (GMO)-free. In fact, most people are probably not aware of the fact that they
are eating GMOs on a daily basis.

Controversy over GMOs has led some counties to take initiatives to ban GMOs. In California,
bans on GMOs currently exist in Mendocino, Marin and Trinity counties. Mendocino County
was the first to pass an initiative, and Marin most recently passed theirs, in November 2004.
These local ordinances banning GMOs are significant because they are creating a legal
precedent for future laws. In their advocacy of local control over risks to the food supply, these
ordinances seek a form of restraint over the biotech industry that state and federal
governments have relinquished . They also target new organisms and products that will soon be
introduced by the biotech industry .
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contain 100 percent organically produced ingredients, not counting added water and salt. The 
label must show an ingredient statement when the product consists of more than one 
ingredient, and show below the name and address of the handler (bottler, distributor, importer, 
manufacturer, packer, processor, etc.) of the finished product, the statement: "Certified organic 
by ____" or similar phrase, followed by the name of the Certifying Agent.  Certifying Agent seals 
may not be used to satisfy this requirement. (IP)
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contain at least 95% organic ingredients, not counting added water and salt, must not contain 
added sulfites, and may contain up to 5% of nonorganically produced agricultural ingredients 
which are not commercially available in organic form and/or other substances allowed by 7 CFR 
205.605. The label for this product must show an ingredient statement, must list the organic 
ingredients as "organic" when other organic labeling is shown (water and salt included as 
ingredients must not be identified as organic.) The label must also show below the name and 
address of the handler (bottler, distributor, importer, manufacturer, packer, processor, etc.) of 
the finished product, the statement: "Certified organic by ___" or similar phrase, followed by the 
name of the Certifying Agent.  Certifying Agent seals may not be used to satisfy this 
requirement. 
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Methods and Materials

I tested plant material purchased in Marin County. The locations of purchase included the Good
Earth Natural Foods store in Fairfax, Sunnyside Nursery in San Anselmo, and Fairfax Nursery
in Fairfax . The materials tested are listed in Table 1.

Gathering Samples for Testing

DNA analysis was carried out in the Science Building at CPS. DNA was isolated and extracted
from the ground up corn chips, rice crackers, and plant tissue (organic corn and lettuce) from the
supernatant by means of a micropipette . The samples were ground up using different techniques
for dry food and fresh plant tissue . After being ground up into a slurry, the samples were placed
in a hot water bath for a heat shock at 95° C, spinning down using a centrifuge, and
refrigeration .

To complete the polymerase chain reaction (PCR) amplification, GMO and plant master mixes
were added to the PCR tubes containing samples of DNA extracted from the supernatant of the
previously spun down samples, and placed in a thermal cycler. In addition to the experimental
foods, controls were also used. To reduce the risk of contamination, the control that is non-GMO is
done first using the same method, and the control containing GMO-positive DNA is done last .

Gel Electrophoresis was used to facilitate the determination of whether or not the samples were
GMOs. After setting up the apparatus and pouring agarose gels, loading dye was added to each
sample. The molecular weight ruler was loaded onto the gel as well as each sample. In addition to
testing for the presence of GMOs, the presence of the PSII chloroplast gene was also tested, in
order to indicate that the sample was from a plant . After running the gel for about 40 minutes,
the gel was stained with ethidium bromide to facilitate the visibility of bands. Later, the gel was
dried, and a photographic record was taken .

Plant Type Material Location of Purchase Labeling

Corn Chili & Lime Chips Good Earth Natural Foods Non-GMO

Corn Sunny Blues Chips Good Earth Natural Foods Non-GMO

Corn Mini White Rounds Good Earth Natural Foods Non-GMO

Corn Cheese Puffs Good Earth Natural Foods none

Corn Corn Plant Tissue Sunnyside Nursery Organic

Corn Corn Seeds Fairfax Nursery Organic

Lettuce Lettuce Plant Tissue Fairfax Nursery Organic

Wheat Shredded Wheat 
Cereal

Good Earth Natural Foods Organic

Rice Brown Rice Snaps Good Earth Natural Foods Organic

Table 1:

DNA Extraction, Amplification, and Sequencing

ResultsResults (I)
Figure 1: Experiment 1 �² April 25, 2007

Figure 2: Experiment 2 �² May 4, 2007
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Conclusions

The presence of a band in lanes with DNA and GMO primers indicated that the sample was a
GMO. The absence of a band indicated that the sample was not a GMO. Similarly, the presence
of a band in a lane with DNA and plant primers confirmed that the sample was a plant . For
example, in figure 2a, the absence of a band in lane 2 and presence of a band in lane 3 indicates
an error with the control, because the plant primer should have been present to give a band in
lane 2, and the certified non-GMO should have resulted in the absence of a band in lane 3.
Again in lane 4, the absence of a band indicates an experimental error because the GMO
positive control DNA was derived from a plant . A band in lane 5 confirms that the control is a
GMO. In lanes 6 and 7, the presence of bands indicates that the Chili & Lime chips were from a
genetically modified plant .

The results show that all the samples tested are GMOs. In the first two assays, the controls did
not seem to be working, but they worked in the final assay. The presence of GMOs in products
marked as �¶�2�U�J�D�Q�L�F�·and �¶�1�RGenetically Modified �2�U�J�D�Q�L�V�P�V�·presents a contradiction to my
hypothesis .

From the Results

Production of GMOs in Marin County is illegal, so the sale of genetically modified corn and
lettuce plants in a Marin nursery presents potential legal issues. There is already an existing
dispute about the labeling of products, and whether it is necessary to label products that
contain GMOs. It is of interest to further investigate to see if all products have all been
contaminated with genetic modification, if the presence of GMOs is a solely beneficial
phenomenon, or if it posesa great health threat to the community .

The controversy over golden rice is one of interest, because it is an example where genetic
modification has caused public dispute . Arguments have been made for and against golden rice,
because while golden rice contains more nutrients and vitamin K, which helps prevent
blindness, a trait useful in third world countries, opponents argue that it is too expensive, and
will not really provide solutions to appease hunger and famine in third world countries . At this
point, it seems that GMOs are everywhere already. Some genetic modifications are for pest
resistance, and others are for added nutritional value . Should we really be concerned about
negative impacts of GMOs, and forget about the benefits that they have provided?

Discussion

Future action includes first getting in contact with a professor at UC Berkeley about his studies
and expertise on genetic modification, and also the owner of Genetic-ID, a company that deals
with industry and testing for GMOs. First, I plan to find out more about the implications of
products contradicting their advertised GMO status, and what legal repercussions might ensue
for companies and stores. I have spoken with staff at the Good Earth Natural Food Store, where
Jonna bought the corn chips initially, and they expressed interest in sponsoring me to do more
testing of products .

Future Efforts
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In figure 1a, numbering the lanes from the top down, with the top lane being lane one, the
certified non-GMO control is in lanes 1 and 2, with plant primers and GMO primers respectively .
All samples occupy 2 lanes �² the first of which is with plant primers, and the second of which is
with GMO primers . A band is present in lane 2, but not lane 1. Bands are present for the GMO
positive control, in lanes 3 and 4. The sample chili -lime corn chips show bands in lanes 5 and 6. In
figure 1b, samples are of sunny blues chips in lanes 1 and 2. No band is present in lane 1, but
there is a band in lane 2. White mini rounds samples have bands in both lanes 3 and 4. In lanes 5
and 6 cheesepuffs show a band in lane 5 and a hint of a band in lane 6.

All samples occupy 2 lanes �² the first of which is with plant primers, and the second of which is
with GMO primers . In figure 2a, the first lane was left empty. The certified non-GMO control is in
lanes 2 and 3, mixed with plant primers and GMO primers respectively . There is a band in lane 3,
but not lane 2. A band is present in lane 5, but not lane 4 for the GMO positive control . The
sample chili -lime corn chips show bands in lanes 6 and 7. In figure 2b, faint bands are present in
both lanes 1 and 2 for the sunny blues corn chips, faintly present in lane 4 for the white mini
rounds corn chips, and present in lanes 5 and 6 for the cheesepuffs .

Results (II)

All samples occupy 2 lanes �² the first of which is with plant primers, and the second of which is
with GMO primers . In figure 3a, the certified non-GMO control is in lanes 1 and 2. A band is
present in lane 1, but not lane 2. Bands are present for the GMO positive control, in lanes 3 and
4. The corn plant tissue has bands in lanes 5 and 6. In lane 7, the sweet corn seed produced a
band. In figure 3b, lane 1 shows a band for the sweet corn seed sample with GMO primers .
Lanes 2 and 3 show the presence of bands for brown rice snaps. Lane 5 has a band for shredded
wheat, while lane 4 does not . Lanes 7 and 8 have faint bands for lettuce plant tissue samples.

a. b.

Figure 3: Experiment 3 �² May 8 -9, 2007


