
Development of this review sheet was made possible by funding from the US Department of Education 
through South Dakota’s EveryTeacher Teacher Quality Enhancement grant. 

Augustana College 
 

BIOL 120 Beginning Biology 
BIOL 180 Introduction to Environmental Science 

BIOL 225 Human Physiology 
BIOL 233 Genetics 

BIOL 358 Molecular Biology 
 

 
Concepts addressed: 
Social, political, ethical, and economic issues in biology  
  
Human Genome Project, Evolution, Creationism, and Intelligent-design, Global Warming/Climate 
Change, AIDS Vaccine, Gene Therapy, Poverty, Natural vs. Alternative Resources, Genetically 
Modified Organisms (GMO's),  
 
BIOL 120 examines the uses and political ramifications of the Human Genome Project (HGP). The 
HGP is an ambitious effort to map the entire human genome, ultimately by determining the complete 
nucleotide sequence of human DNA. It was first proposed in 1986 by the U.S. Department of Energy 
(DOE), and was co-sponsored shortly thereafter by the National Institutes of Health (NIH). Later, a 
private U.S. corporation, Celera Genomics, joined the effort as a competitor, along with about 100 
laboratories worldwide. The project was completed early in 2003 when the complete nucleotide 
sequence of all 23 pairs of human chromosomes was determined - basically we have identified all the 
words in the human gene dictionary, but we only know the meaning of about half (what the gene 
codes for), so the decoding continues.  
To get an understanding of the magnitude of this undertaking consider this: the human Y 
chromosome (one of the smallest of the human chromosomes) is estimated to be composed of 59 
million nitrogenous bases, and the larger X chromosome may be composed of 164 million bases!! 
The entire human genome consists of 3.12 gigabases!  
There is a concern that as knowledge of our genetic makeup becomes easier to determine, some 
people may attempt to use this information for profit or political power. This is a real concern 
because some health insurance companies refuse to insure people with "pre-existing conditions" or 
those at "genetic risk" for certain abnormalities. They fail to realize that in people between the age of 
5 and 50, such "conditions" or mutations are normal. Refusing to provide coverage would save these 
companies the expense of future medical bills incurred by "less-than-perfect" people. Another fear is 
that attempts may be made to "breed out" certain genes and people from the human population in 
order to create a "perfect race."  
With the completion of the HGP, scientists hope to:  

• Determine what makes on person different from another, and more or less susceptible to 
disease  

• Develop tests that can reveal genetic disease or increased susceptibility to disease  
• Develop drugs to treat such diseases  
• Develop gene therapies to replace the causative gene from an individual  

 
BIOL 120 discusses the controversy between evolution, creationism, and intelligent design. The 
political fallout on local, state, and federal levels is addressed.  
Evolution is the process of permanent change in living systems, especially in genes or in the 
phenotypes that result from them. Considerable evidence now shows that evolution has taken place in 
the past and is taking place today, Creationists attack the teaching of evolution, trying to portray 
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themselves as scientists even though they have never conducted experiments or tested hypotheses. 
Instead of making their studies falsifiable, they claim they hold the absolute truth.  
Creationists, by definition believe that God created biological species and three major groups of 
creationists stand out:  
 (1)  Bible-based creationists, who insist on the biblical account of creation. They work  

outside of science and reject any scientific theory that conflicts with the scriptures.  
 (2)  Intelligent-design creationists, who try to work within the framework of science to  

find evidence of design in nature. They claim the biological systems are so complex 
and so well adapted to their functions that only an intelligent (and benevolent) 
designer could have made them.  

 (3)  Theistic evolutionists, who believe that God created the universe and all life, but that  
species evolved after that time and that evolution is one of God's creative processes.  

 
Discussion on the ways in which some people have reconciled science and religious beliefs, for 
example, by accepting the findings of science as an explanation of the ways that God operates. God 
created the world along with the natural laws that govern it, and science attempts to discover these 
natural laws (Isaac Newton, William Paley, Albert Einstein).  
 
BIOL 120 and BIOL 180 both discuss the Global Warming/Climate Change issue and how the 
political stance affects economic health.  
 
Global Warming: Fossil fuels power most of our industries, agricultural equipment, and automobiles, 
and heat/cool most of our homes. Since the Industrial Revolution, the concentration of C02 in the 
atmosphere has been increasing as a result of the combustion of fossil fuels and the burning of 
enormous quantities of wood removed by deforestation. Today, the concentration of C02 in the 
atmosphere is about 17º higher than it was when measurements began just over 40 years ago. C02 is 
one of the greenhouse gases - molecules that can absorb infrared radiation and slow its escape from 
Earth, causing atmospheric warming (greenhouse effect). As a natural phenomenon, the greenhouse 
effect is essential for virtually all life on Earth; without the C02 that respiration puts into the 
atmosphere, the average air temperature at Earth's surface would only be about -18°C. Other 
greenhouse gases include methane and nitrous oxide, both of which are also increasing as a result of 
fossil-fuel consumption, industry, and agriculture. Several predictions say a temperature increase of 
as much as 5°C is possible by 2100. Possible consequences of this climate change could be: polar ice 
melt, raising sea levels significantly - New York, Miami, and Los Angeles could all be under water. In addition to 
flooding, a warming trend might alter patterns of global rainfall and farming - the grain belts of the 
central U.S. and central Asia might become much drier and unable to support the crops currently 
grown there; forested areas in semiarid zones could lose their trees and become deserts. Rapid global 
warming would alter overall, large amounts of habitat, which could seriously impair efforts to reduce 
species loss.  
A large body of research has led most scientists to acknowledge the rapid onset of climate change 
and called for drastic cuts in the use of fossil fuels to slow temperature increases. On the other hand, 
some researchers, business leaders, and government officials call for more data before any 
conclusions are reached about whether the increases in atmospheric C02 and methane are mainly 
from human sources and whether the increases have actually caused the temperature rise. Skeptics 
point out that the Earth has a long history of severe climate shifts, none of which were caused by 
humans. Others raise the possibility that increased cloud cover may decrease warming by reducing 
the amount of solar heat that reaches Earth's surface.  
More than 165 countries - the US so far being a notable exception - have agreed to an international 
global warming treaty that requires the most industrialized nations to limit or cut carbon emissions 
(Kyoto Protocol). Deforestation reduction and replanting efforts have been worked on by other 
international organizations. Other strategies include developing alternative energy strategies - wind, 
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solar, geothermal to reduce the reliance on fossil fuels, and there is much to be gained by conserving 
energy at home - recycling, and reducing the use of cars by waking, bicycling, use of mass transit.  
 
BIOL 180 discusses how the public's view of the environment influences federal policies 
(conservation vs. preservation). Also addressed are poverty and the responsibility of 1st world 
countries to 3rd world countries and the relationship to environmental issues. The issue of AIDS is 
looked at - the political stance on AIDS and how it affects birth control, and economic health. A 
vaccine for AIDS has been developed - how should the testing be designed given that animals cannot 
be reliably used as subjects. Can a control group be used from an ethical standpoint? The economics 
and politics behind natural vs. alternative resources e.g. the gas guzzling vehicle mentality of 1st 
world countries are also discussed.  
 
BIOL 225 discusses the new therapies and associated ethics behind physiological systems, for 
example gene therapy and the issue of acceptable risk. Genetic engineering consists of inserting 
functional genes into cells, thereby altering the cell's genotype. The recipient cells may be bacterial 
cells that may then acquire the ability to make certain human proteins, or they may be human cells 
that acquire a functional allele and are injected into a patient as gene therapy, e.g. severe combined 
immune deficiency syndrome (SCIDS). There are legitimate safety concerns with human gene 
therapy. For example, any virus used as a vector may possibly cause a disease of its own; random 
insertion into host DNA might possibly destroy some other gene. Gene therapy clinical trials were 
halted in the U.S. in 1999 after an 18 year-old boy died after receiving a viral vector for gene therapy 
for a metabolic disease. The reasons for his death were not apparent, so clinical studies were halted 
until issues of safety could be addressed. Other ethical concerns with gene therapy have to do with 
fairness; will the benefits of genetic engineering only be available to those who can afford them? 
Should government programs provide them through Medicare and Medicaid? Should insurance cover their use? 
How can society's health care resources best be distributed? Should gene therapy be performed on 
gametes or somatic cells? A general consensus has been reached that using gene therapy on somatic 
cells has an ethical value only if it is used for the purpose of treating a serious disease - otherwise 
defective alleles will be passed on to the next generation. If gene therapy is performed on gametes, 
then the genetic defect will be cured in future generations derived from those gametes.  
 
BIOL 233 and BIOL 258 both examine the issue of Genetically Modified Organisms (GMO’s), 
specifically plants used in agriculture - transgenic plants are used to introduce desirable traits into 
crop plants, such as making them more nutritious e.g. a potato in which the starch content has been 
increased by the insertion of a bacterial gene (for better processing into potato chips and frozen 
French fries), or canola which has been engineered to produce lauric acid (for food additives such as 
coffee creamers). Sometimes genetic engineering is used to modify some trait that makes agricultural 
crops hardier in the field, thus increasing yield e.g. Bt corn which is resistant to damage done by 
insect pests, or Roundup TM Ready seed which is resistant to the herbicide RoundupTM, allowing 
farmers to spray for weeds but sparing the crop.  
Whether these (and others) genetically modified plants will become commercialized, and whether 
those commercially available will gain widespread acceptance, will depend in part on overcoming 
opposition to genetic engineering - part of which is biological and part of it is ethical. Ethical 
concerns can be simply that of opposition to all genetic engineering because it is "messing with 
Mother Nature", or that of vegetarians who are opposed to products that might contain a gene from 
an animal. Religious groups, such as Muslims, fear that GMO’s might contain genes transferred from 
pigs, which may not be eaten under Muslim dietary laws. Other ethical concerns center around the 
risks being too great and needing to be evaluated before proceeding. There are concerns about 
damage to the environment (possible escape of 'superweeds', and the spread of plant viruses).  
The European Union (EU) does not allow GMO’s to be imported and their opposition to genetically 
engineered food centers on antibiotic resistant genes. The EU banned Bt transgenic corn in 1996 
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because it also contains an inserted gene for ampicillin resistance. While this does not pose any direct 
threat to human health, the possibility exists that the resistance gene could be transferred to gut 
bacteria. Lab tests show that most, but not all of the DNA ingested in food is destroyed by strong 
acids present during digestion. The possibility of resistance transfer is further diminished in any food 
that is cooked, because the DNA and its proteins would be destroyed in the cooking. Because 
ampicillin is used to treat many human diseases, and as resistance to it often confers resistance to 
many other penicillin-type antibiotics, the development of resistant bacteria in the gut, which could 
possibly transfer resistance to pathogenic bacteria, is a risk that many scientists feel should be more 
thoroughly investigated. The EU has reversed its outright ban, but now requires labeling on any food 
that contains live genetically modified organisms, or has modified ingredients that are not equivalent 
to, or materials that are present in, the original - or has substances that might be objected to on ethical 
grounds (such as animal genes that might be opposed by vegetarians).  
In the U.S., opposition to Bt corn has had a different basis. StarLinkTM corn contains both the Bt 
transgene and another gene that makes it tolerant to a commonly used herbicide. Because Bt is a pesticide, 
products containing it are regulated in the U.S. by the Environmental Protection Agency (EPA), not 
by the FDA. In tests done as part of the approval process, it was found that the protein product of the 
Bt gene (called Cry9C) could partially survive cooking and digestion. Initially there were also 
concerns about the possible capacity of the protein to induce allergies. Consequently, the corn was 
approved only for use in animal feeds. In September of 2000, traces of the Bt protein were found in 
human food products. The Aventis Company voluntarily agreed to recall the food products, cancel its 
EPA registration for the corn, and pay the farmers to remove their corn from the market. Although 
further testing has cast some doubt on both the protein's persistence and its allergic potential, the corn 
is currently off the market and mired in lawsuits.  
 
The possible benefits of the genetic engineering of crops are very large. The monetary costs may also 
be large, but they are very hard to estimate because of the uncertainties involved.  
The biological dangers are not fully known. Given the law of unintended consequences, difficulties 
should not be underestimated. The risks may prove to be minimal, or they may prove to be 
significant, and the dangers nay prove to be easily controlled even in the worst-case scenarios - we 
will never know unless we undertake the relevant investigations for each species. Only if we 
investigate the possible dangers will we be able to assess the possible risks. This is one reason why it 
may be desirable to proceed with the testing, why all applications should be closely monitored, and 
why many people await the evaluation of risks as well as benefits.  


