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Genetically Modified Organisms
and Choices in Alaska
by Steven Seefeldt

Introduction

Many people have strong opinions about the creation
and use of genetically modified organisms (GMOs).
The Alaska Division of Agriculture, agriculture
Extension agents, agricultural researchers and politicians are being asked questions about GMOs in
Alaska and it is important to have unbiased information to help understand the debate and develop an
informed opinion. The purpose of this publication
is to provide background information that will help
further an understanding of what GMOs are and
what the consequences of their use could be. Genetic
modification is more accurately described as genetic
engineering or creating recombinant DNA, where
genetic information is taken from one organism and
transferred to another.
In this paper, the term genetic engineering will be
used to describe the case where genetic codes are
being inserted into organisms to obtain a goal. It is
not a discussion of the process of breeding plants
and animals and selecting for desired traits, although
changing a gene on purpose, or genetic engineering,
is an attempt to create something with a desirable
trait, which is not different from traditional breeding. See the Appendix for a primer on what genes
are, how they work and what may happen when a
gene is changed.

What happens when people engineer
a gene?

In the early 1970s, when scientists realized they had
the tools to genetically engineer living organisms,
there was concern about potential harm from genetic engineering. At that time there was a voluntary
moratorium until 1976, when the U. S. government
voted on a set of regulations for genetic engineering.
As experience with genetic engineering has grown,
some of the regulations governing its use have been

relaxed. The short answer to the question of “what
happens when people engineer a gene” is that there
are consequences. And the question that society
and Alaskans have to answer is whether or not the
positive consequences of the new trait outweigh the
negative consequences.

Examples of genetic engineering and
consequences

Below are four examples of genetic engineering and
their consequences:
1. In the 1980s, the genes for the production of human insulin were inserted into a specific bacterium. Additional genetic changes kept the bacteria
producing the insulin even though the bacteria
could not use it. These bacteria are now grown in
vats and the pure human insulin is isolated from
the process and used by people with Type 1 and
sometimes with Type 2 diabetes. Prior to this
time, insulin was obtained from cows and pigs.
What are the consequences?


Diabetics now receive human insulin, and side
effects, such as allergies to foreign proteins
from pig and cow insulin, have declined.


People who harvested pig and cow pancreases at slaughterhouses and people who isolated that insulin from those pancreases lost
their jobs.

2. In the 1990s, genes from bacteria that break
down glyphosate (the active ingredient in the
herbicide Roundup) were inserted into corn.
Copies of a gene that produces the enzyme that
glyphosate reacts with were also added. The
result was a corn plant that will survive applications of an herbicide that kills almost all other
plants. What are the consequences?


Weed control in these crops became very

easy, effective and cheap, resulting in higher corn yields, reduced use of many other
herbicides and an overall reduction of chemicals in agricultural soils where this corn was
grown.


Widespread use of this technology in corn,

soybeans, cotton and sugar beets encouraged
the growth of weed varieties that, due to natural mutations, were resistant to glyphosate.


As populations of these new resistant weed

varieties have increased, older, less environmentally friendly herbicides are now being
applied with the glyphosate.


In a few instances, pollen from these herbi-

cide-resistant crops has crossed with organic
crops, resulting in the loss of organic certification.

3. In the 2000s, corn genes were inserted into
rice, which caused it to produce beta-carotene
and vitamin A, giving the rice grains a golden
color. This Golden Rice-2 was developed by
the company Syngenta, which donated the rice
to breeders and scientists. What are the consequences?


This rice will provide enough vitamin A to

reduce child blindness in poor populations
where rice is a staple crop and where an estimated 500,000 children go blind every year
because of vitamin A deficiency in the diet.


Protesters in the Philippines destroyed one of
five test plots that were set up in that nation
in 2013 saying that decreasing poverty or
distributing vitamins in pill form would be
better than using a genetically engineered
crop.

4. In the 2000s, cows were genetically modified
to produce milk that lacked beta-lactoglobulin,
an enzyme in cow milk that causes reactions in
people who are lactose intolerant. What are the
consequences?


Some people now have access to milk, a substance that they could not drink before.


The protein content of milk free of beta-lac-

toglobulin has a greater concentration of
casein proteins (because removal of the beta-lactoglobulin means that a higher percent
of the remaining proteins are caseins) making this milk better for cheese making.


At this point, no known negative outcomes
have been identified.

Conclusion

When told scientists can now move genes from
people to bacteria, bacteria to plants, etc., one
might, at first, think that this technology cannot
be good. In the examples above, there are consequences — good, bad and unknown — of genetic
engineering. Not included in these examples are
the obviously bad situations we can all agree on,
for example, genes that produce a highly toxic
compound or viral genes inserted into a food or
airborne bacteria.
Alaskans and the rest of society must decide which
types of genetic engineering are acceptable based
on a careful calculation of the benefits and the costs.
Consumers will need to decide when it is and when
it is not important to label foods as genetically modified. At present, too much heated argument between
people who do not see the harm and people who
do not see the good is inhibiting rational discussion
of the topic. Each new creation must be debated on
its merits and that debate must be honest, open and
frank because there often is not a clearly positive or
clearly negative overall consequence.

APPENDIX
What is a gene and how is it used?

Fundamental to an understanding of genetic engineering is the knowledge of what a gene is and how
it works. Human cells in our bodies have a nucleolus, and in this nucleolus are 46 chromosomes. The
number of chromosomes varies widely among all
the different life forms on Earth. Each chromosome
is made up of numerous genes, which are segments
of DNA that are arranged in a double helix (figure
1). The structure of DNA was first described by
James Watson and Francis Crick, which earned
them a Nobel Prize. A specific gene is an ordered
collection of four nucleotides that make up DNA.
Figure 2. Transfer RNA (tRNA) translates the messenger
(mRNA) using a three-letter code.

There are genes that set up and regulate complex
chemical reactions such as those associated with
turning sunlight, water and carbon dioxide into
sugar and oxygen. Some genes even regulate other
genes.

Gene changes

Figure 1. DNA strands form a double helix.

The shorthand for these nucleotides is A, T, C and
G. The order of the gene is transcribed by messenger ribonucleic acid (mRNA): A becomes U,
T becomes A, C becomes G and G becomes C on
the mRNA. The mRNA then moves the information out of the nucleus. Once the mRNA is where
it needs to be, transfer RNA (tRNA) translates the
mRNA using a three letter code (figure 2) that
selects for amino acids. The amino acids are linked
up, forming a complex enzyme or molecule that
serves a specific function.
There are genes that code for color. There are
groups of genes that influence size or growth rate.

Cosmic radiation and a wide variety of other
random events may occasionally change one of
the nucleotides in a gene. These changes are called
mutations and they are what drive evolution. What
could happen to an organism after a change in a
gene?
1. A change may have no impact. For example,
the set of three nucleotides described in figure 2
still codes for the same amino acid, or the gene
is never activated to do anything, therefore, no
harm.
2. A change may result in the gene coding for a
different amino acid and what was supposed
to be produced is not. Often there are multiple genes that do the same thing and if one
does not work, there are others that fill in the
gap. But if the one affected or changed is the
only gene that performs a specific task and the
compound is not produced, then there will be
consequences that will make that cell not func-

tion properly. In the worst case, the cell could
die if some critical component is not produced.
Fortunately, cell death occurs all the time. There
is typically little overall harm in a multicellular
organism and the dead cell takes its mutation
with it. Again, no overall harm.
3. Genetic changes have the greatest impacts
when they occur in reproductive cells. There
the change will be duplicated over and over
again as the reproductive cell multiplies. One of
four results can occur:


There is no impact (everything stays the
same).


There is a change that results in cell death
and the developing organism dies.


There is an unfortunate change. For example,

wing scale color is altered, making a moth
more obvious to birds, which results in it being eaten and not producing any more moths
of that color.


There is a fortunate change. For example,

wing scale color is altered, making a moth
less obvious to birds, which results in it not
being eaten and producing more moths of
that color.
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