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The student will be able to:




Biotechnology's role in biology

1. Define biotechnology and scientific disciplines
that contribute to biotechnology.

2. List, explain and apply the steps of the scientific
investigation.

3. Discuss biotechnology'’s role in the biological
sciences and the importance of understanding
similarities and differences among the kingdoms of
life.

4. Provide examples of historic and current
applications of biotechnology and its

products.

5. Define and describe the term “recombinant DNA
technology.”

6. Describe career categories in biotechnology.

7. Discuss the significance of biological science
history and identify famous scientists with their
works.

Basic cell structure and function

1. Compare and contrast the structures of
prokaryotic and eukaryotic cells.

2. Discuss the structure and organization of cells in
higher organisms.

3. Identify cellular organelles and their functions
inside the cell.

4. Describe chromosomes as cellular structures that
carry genetic information.

5. Discuss the features that distinguish one cell
from another.

6. Describe how and why cellular structures vary
among different kingdoms of life.

Basic DNA structure and function

1. lllustrate DNA structure on a molecular basis.

2. Identify and describe the two main functions/
purposes of DNA.

3. Identify and discuss the functions of key enzymes
associated with DNA replication and protein
synthesis.

4. Explain what is meant by the “Central Dogma”
of DNA.

5. Give a detailed understanding of the relationship
and difference between DNA,

genes and chromosomes.

6. Describe the two main steps of protein synthesis
and illustrate how a change in DNA

sequence can yield a different outcome in amino
acid sequence.

7. Distinguish genomes and why biologists are
interested in studying genomes.

8. Describe the process of transcription and the
importance of mRNA processing in creating a
mature mRNA molecule.

9. Describe the process of translation including the
roles of MRNA, tRNA and rRNA.

10. Define gene expression and why gene
expression regulation is important.

11. Discuss the role of operons in regulating gene
expression in bacteria.

12. Name different types of mutations and provide
examples of potential consequences of mutations.




Basic biotech processes and uses in society

1. Define the term “recombinant DNA technology”
and name and describe the action of the two types
of enzymes (“cut and paste”) needed to make
recombinant DNA molecules.

2. Discuss the purpose and function of a plasmid in
a bacterial cell.

3. Distinguish blunt versus sticky ends.

4. Given a piece of DNA and the recognition site
for a restriction enzyme, be able to show how the
enzyme would cut the DNA.

5. Define vector and explain how plasmids, BAC,
YACs can be used as vectors.

6. Define clone.

7. Differentiate common myths or
misunderstandings of the cloning process.

8. Discuss monoclonal antibodies and how they are
produced.

9. Discuss at least 3 obstacles or challenges in
successfully engineering an organism.

10. Define gel electrophoresis and describe how it
separates pieces of DNA.

11. Define DNA fingerprinting.

12. Describe societal and forensic uses of DNA
fingerprinting.

13. Discuss some problems that may occur in the
process of DNA fingerprinting.

14. List the steps of PCR, and discuss the uses for
PCR.

15. Discuss the pros and cons of establishing DNA
profile databases for humans.

16. What are the purposes for DNA sequencing?
17. Discuss how DNA libraries are created and
screened to clone a gene of interest.

18. Describe how agarose gel electrophoresis,
restriction enzyme mapping, and DNA sequencing
can be used to study gene structure.

19. Explain common techniques used to study gene
expression.

20. Define RNA interference (RNAI) as a powerful
new technique for silencing gene expression.

21. Discuss potential scientific and medical
consequences of the Human Genome Project and
its ethical, legal and social issues.

22. Define bioinformatics and explain why this field
is important.

23. Describe the steps of CRISPR technology and
the reasons for gene editing.

1. Define microorganism and list examples.

2. Discuss why studying microbial genomes can be
valuable to biologists.

3. Describe how microorganisms play an important
role in the development and production of many
vaccines, and provide examples of the importance
of vaccines.

4. Describe differences between protists and fungi
and discuss biotech applications involving both
kingdoms.

5. Identify basic terminology and processes
associated with bacteria and viruses.

6. Describe shapes of many common bacteria.

7. Describe the practical features of bacteria that
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Biotechnology in microorganisms and plants
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many applications in biotechnology.

8. Provide examples of how yeast can serve
valuable roles in biotechnology.

9. Define fermentation and discuss the difference
between alcohol and lactic acid fermentation and
provide examples of common foods and beverages
produced by each fermentation process.

10. Define bioterrorism, identify microorganisms
that may pose a threat as bioweapons and discuss
biotechnology strategies that may be used to
detect, and identify and combat bioweapons.

11. List common characteristics of plants and
differentiate them from other kingdoms.

12. Briefly discuss the process of photosynthesis.
13. Describe the impact of biotechnology on the
agricultural industry in terms of photosynthetic
activity, disease resistance and yield.

14. List crops improved by genetic engineering.
15. Define clone and describe briefly how plant
tissue culture can be used to make new plants.
16. List the three stages of culturing plant tissue.
17. Give three examples of how plant genetic
engineering has been used and is beneficial.

18. Discuss flower structure along with the process
of pollination and fertilization.

19. Discuss at least four characteristics that make
weeds very prolific.

20. Explain several examples of a genetic
modification to a crop plant and describe the
purpose of that modification.

21. Analyze the health concerns raised by
opponents of plant biotechnology.

1. Distinguish between the biotic and abiotic
components of an ecosystem.

2. Differentiate between the following ecological
terms: community, ecosystem, biome, niche,
habitat and population.

3. Define environmental genomics.

4. Outline the environmental impacts, both pros
and cons, of crops enhanced by biotechnology.

5. Summarize the impact of Rachel Carson’s
influential book Silent Spring, connecting how
biotechnology in today’s world connects with this
major contribution to environmental science
history.

6. Name some of the common chemical pollutants
in the environment that need to be cleaned up and
provide examples of ways in which chemicals enter
different zones of the environment.

7. Distinguish between aerobic and anaerobic




Biotechnology in ecology and biodiversity

biodegradation.

8. Provide examples of microbes that can
contribute to bioremediation.

9. Provide examples of how genetically modified
organisms can be used in bioremediation.

10. Describe the factors that regulate growth in
natural populations and discuss how biotechnology
can be involved in these factors and increase
carrying capacity.

11. Explain how the age structure of a population
can be used to predict changes in population size
and social conditions.

12. Discuss how biotechnology is affecting life
expectancy and population size.

13. Explain the concept of an ecological footprint.
Describe the uneven use of natural resources in the
world and what areas of the world is biotechnology
most greatly being applied to address this issue.
14. Outline several ways in which biotechnology
might reduce hunger and malnutrition around the
world.

15. Identify and compare the trophic levels of
terrestrial and aquatic food chains.

16. Give an example of both terrestrial and aquatic
food chains being affected by biotech
advancements.

17. Explain how invasive species can affect
communities and exemplifying how biotechnology
is used to address this issue.

18. Explain how human activities in biotechnology
are affecting natural ecosystems in terms of
inorganic and organic cycles in terms of the supply
of soil nutrients and food sources.

19. Describe the process of biomagnification and
aspects of biotechnology are being implemented
to reduce this problem.

20. Describe the causes and consequences of
climate change. List an example of biotechnology
being used in this battle.

1. Explain why the concept of evolution is regarded
as a theory with great significance.

2. Explain why many plants have chemical toxins,
spines, or thorns. Define

coevolution and describe an example. Discuss how
biotechnology has been applied to this concept.

3. Explain what studies of human twins (both
monozygotic and dizygotic) indicate about how
genes and environmental factors contribute to
human phenotypes.

4. Discuss why genetic changes from recombinant
DNA technique may/may not yield a desired result.
5. Explain why a single individual cannot evolve and
why evolution does not lead to perfectly adapted
organisms.

6. Explain how antibiotic resistance has evolved.

7. Discuss biotechnological applications involving
antibiotic resistance.




Biotechnology's role in evolution, CRISPR

8. Explain why polyploidy is important to
agriculture.

9. Explain how modern wheat evolved.

10. Give an example of a biotech manipulation of a
modern crop.

11. Describe causes, frequency and consequences
of mass extinctions over the last 500 million years,
describing the biotech processes needed to
potentially bring back an extinct species.

12. Explain how bacteria can evolve quickly, how
bacteria can survive stressful environments and how
this is beneficial to biotechnology.

13. Explain how cultured algae may be used as
renewable fuels through biotechnology and the
current challenges that remain.

14. Describe the main traits of fungi and their
ecological roles.

15. List biotechnology applications involving
fungus.

16. Describe the common characteristics of insects.
17. Describe the process and significance of both
incomplete and complete metamorphosis.

18. Discuss how biotechnology has helped and
hindered insect populations.

19. Describe the greatest current threats to
biodiversity, providing examples of each.

20. Discuss the potential for biotechnology to
correct/erase the threats.

21. Explain why invertebrate diversity is a valuable
resource and what biotechnology has contributed
to both help and hinder invertebrate biodiversity.
22. Explain why the discovery of new species has
increased in recent years and where discoveries are
still most likely to be made.

23. Describe which biotechnology processes could
be involved with these new discoveries in
biodiversity.

24. Discuss what is meant by CRISPR-Cas9
involvement in “directed evolution” in plants and
other organisms.

Rintarhnalams in animale

1. List the basic characteristics of animals and
differentiate them from other kingdoms.

2. Describe the diversity of the animal kingdom
according to phyla.

3. List some of the medical advances made using
animal research models.

4. Explain what makes a good animal model for
genetic studies.

5. Describe two alternatives to the use of animal
models, including their limitations.

6. Discuss some of the ethical concerns about using
animals in research.

7. Discuss the challenges biotechnology has seen
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regarding research with vertebrate versus
invertebrate animals.

8. Outline the process used to create Dolly the
sheep.

9. Discuss some of the limitations to the cloning
processes.

10. List some of the products that can be produced
using transgenic animals as bioreactors.

11. Explain how knockouts animals can be used to
provide information about genetic disorders and
other diseases.

12. Discuss the pros and cons of
xenotransplantation.

Biotechnology in medicine, curing disease

1. Describe what is meant by the human genome
project.

2. Interpret a “gene address.”

3. Recount how many genes are estimated to be in
the human genome.

4. Discuss the benefits and concerns that might
arise from the HGP.

5. Define human gene therapy.

6. Name two genetic diseases where gene therapy
has shown some promise.

7. Discuss difficulties that need to be overcome to
get gene therapy to work more effectively.

8. Discuss the pros and cons of tissue engineering,
induced pluripotent stem cell technology (iPS)

9. Describe different karyotyping techniques that
can detect chromosome abnormalities and
molecular techniques for genetic testing.

10. Provide examples of why pharmacogenomics
6 can change how many genetic disease conditions
may be treated in the future.

11. Discuss how monoclonal antibodies may be
used for treating disease.

12. Define regenerative medicine and provide
examples of how cell and tissue transplantation and
organ engineering can be used.

13. Define stem cells.

14. Describe how they can be isolated.

15. Provide examples of possible therapies that
may be developed from stem cells in the future.
16. Compare and contrast therapeutic cloning and
reproductive cloning.

17. Explain how molecular biology techniques and
the human genome project are being used to
create human disease gene maps.

18. Discuss what is meant by ELSI.

19. List two examples of bioethical issues and why
they can be seen as controversial.

48

Outcomes*

Outcome Title

At the successful completion of this course, students will be able to:

Course Outcome 1

Biotechnology

Examine the history of biotechnology and deduce the progression/advancement of the science.

Course Outcome 2

Engineering Terminol

Integrate genetic engineering terminology by describing biotech applications.

Course Outcome 3

Types of Biotech

Distinguish between examples of plant, animal and marine biotechnology.

Course Outcome 4

Biotech in Medicine

Inform how biotech is used in medicine, forensics and genomics.




Primary Laker Learning
Competency Scientific Literacy: Students apply the scientific process to real-life situations.

Secondary Laker Learning
Competency Information & Technology Literacy: Students evaluate information effectively using the appropriate technological tools.

*Course and program outcomes will be used in the software for outcomes assessment and should include at least 1 primary and 1 secondary Laker Learning
Competency. Limit to 3-5.
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