Biotechnology Unit Overview
Disclaimer: The charts included in this unit make one set of connections between the lessons outlined

in the unit and the NGSS performance expectations. Other valid connections are likely; however, space
and time restrictions prevent us from listing all possibilities.

This high school unit on Biotechnology exposes students to several methods and
techniques of artificial selection and genetic modification as applied in agriculture. The Science
and Engineering Practices covered in these lessons include: Constructing Explanations and
Designing Solutions, Asking Questions and Defining Problems, Developing and Using
Models, Analyzing and Interpreting Data and Engaging in Argument from Evidence in
order to explain the nature of science and make decisions about important issues in the
practice of science.

Much of this unit centers around the Nature of Science. These four aspects are closely
aligned with the practices:

Scientific Investigations Use a Variety of Methods

Scientific Knowledge is Based on Empirical Evidence

Scientific Knowledge is Open to Revision in Light of New Evidence

Scientific Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
While these four are more closely aligned with crosscutting concepts:

Science is a Way of Knowing

Scientific Knowledge Assumes an Order and Consistency in Natural Systems

Science is a Human Endeavor

Science Addresses Questions About the Natural and Material World

Lesson 1 Selective Breeding vs Genetic Modification introduces the phenomena of the
unit through a big question, What are GMOS and why are we afraid of them? then
encourages students to begin to compare two techniques used in modern agriculture,
Constructing Explanations of each and determining the advantages and disadvantages of

each. Lesson 2 DNA Extraction introduces students to the process of developing a protocol,

with each group designing their own method for extracting DNA from whole kernel corn, then
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https://www.frontiersin.org/articles/10.3389/fpls.2016.01534/full
https://www.apsnet.org/edcenter/K-12/TeachersGuide/PlantBiotechnology/Documents/PlantTissueCulture.pdf
https://www.apsnet.org/edcenter/K-12/TeachersGuide/PlantBiotechnology/Documents/PlantTissueCulture.pdf
https://commons.wikimedia.org/wiki/File:Diabrotica_virgifera_virgifera_larvae.jpg
https://www.youtube.com/watch?v=VkdU2RryFOM
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http://www.bio-rad.com/webroot/web/pdf/lse/literature/4006099.pdf
http://www.bio-rad.com/webroot/web/pdf/lse/literature/1660033.pdf
https://www.youtube.com/watch?v=vcxy6FpfSuw
https://www.youtube.com/watch?v=vpXsWaUrcJs
https://www.youtube.com/watch?v=gCb9TSpuxUU&list=PL-4ublK0Dtz73kHbrffkkgGxjWhtV0dIr
https://www.youtube.com/watch?v=gCb9TSpuxUU&list=PL-4ublK0Dtz73kHbrffkkgGxjWhtV0dIr
https://commons.wikimedia.org/w/index.php?curid=348910
http://www.ocr.org.uk/qualifications/as-a-levelgce-biology-a-h020-h420-from-2015/delivery-guide/Images/123-241420-le-dating-game-learner-activity-v1.doc
http://www.ocr.org.uk/qualifications/as-a-levelgce-biology-a-h020-h420-from-2015/delivery-guide/Images/123-241420-le-dating-game-learner-activity-v1.doc
https://www.hhmi.org/biointeractive/crispr-cas-9-mechanism-applications
https://www.hhmi.org/biointeractive/popped-secret-mysterious-origin-corn
https://libguides.fredhutch.org/ld.php?content_id=44113665
https://www.khanacademy.org/science/high-school-biology/hs-classical-genetics/hs-introduction-to-heredity/a/the-law-of-independent-assortment
https://www.khanacademy.org/science/high-school-biology/hs-classical-genetics/hs-introduction-to-heredity/a/the-law-of-independent-assortment
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https://www.youtube.com/watch?v=prkHKjfUmMs
https://www.youtube.com/watch?v=52jOEPzhpzc&t=2s
https://www.youtube.com/watch?v=nfC689ElUVk
https://www.youtube.com/watch?v=H7wv1hpfc_M
http://www.pbs.org/wgbh/harvest/engineer/transgen.html
https://www.youtube.com/watch?v=qDOGrEhUe8A
https://www.pioneer.com/CMRoot/Pioneer/US/products/seed_trait_technology/see_the_difference/corn_drought.pdf
https://www.pioneer.com/CMRoot/Pioneer/US/products/seed_trait_technology/see_the_difference/corn_drought.pdf
https://www.cpet.ufl.edu/wp-content/uploads/2012/10/Pipetting-by-Design-lesson-plan-6_2012.pdf
https://www.cpet.ufl.edu/wp-content/uploads/2012/10/Pipetting-by-Design-lesson-plan-6_2012.pdf
https://www.youtube.com/watch?v=bKIpDtJdK8Q
https://msutoday.msu.edu/feature/2018/gmos-101/
https://www.youtube.com/watch?v=QFfUFyUvP-w
https://www.youtube.com/watch?v=M6Uxrnpy3FM










Biotechnology Pre-/Post-Test
Choose the best answer

1. DNA extraction uses the properties of cell parts and the
properties of common household materials to break down the cell and allow the DNA to
clump together.

physical/chemical

b. biological/chemical

c. chemical/biological

d. chemical/physical

2

2. DNA transcription and translation results in the formation of:
a. Amino acids from proteins
b. mRNA and tRNA
c. Proteins from amino acids
d. New cells

3. Punnett squares are used to
a. Predict offspring ratios from parent crosses
b. Determine the dominance of a gene
c. Create new genotypes
d. Show recessiveness

4. A plasmid is:
a. Only human-made and inserted in bacteria
b. A piece of the cell membrane
c. Atool used in selective breeding
d. A circular piece of DNA that occurs naturally in bacteria

5. Micropipetting describes the process of:
a. Transferring large amounts of liquid.
b. Moving genes from organism to organism.
c. Measuring and transferring very small amounts of liquid.
d. Changing phases of a substance from solid to liquid.

6. Which of the following occurred due to a genetic transformation where a gene was
transferred from one organism to another organism performed by humans?
a. Resistance of papaya to ringspot virus
b. Growth of square watermelons
c. Jellyfish ability to fluoresce in UV light
d. Resistance of bacteria to antibiotics
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7. Green Fluorescent Protein can be purified and removed from the bacteria that produce it
just like:
a. Antibiotics
b. Antidepressants
c. Stimulants
d. Insulin
Complete the sentences below...

8. Selective breeding is a process of breeding where:
9. Genetic modification differs from selective breeding in that:
10. A protocol is:

11. Sterile environments are critical to plant tissue culture since:
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https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Prokaryote
https://en.wikipedia.org/wiki/Archaea
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https://www.merriam-webster.com/dictionary/nucleic
https://en.wikipedia.org/wiki/Air_displacement_pipette
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https://commons.wikimedia.org/wiki/File:Diabrotica_virgifera_virgifera_larvae.jpg

Student Handout

1. You have three Starburst® candies. Which characteristics does your corn plant have?
Circle the combination of traits you have.

R R R R R R P B P Y
R R Y R P E P Y P Y
R ¥ Y P P Y ¥ Y P | Y
Strong Strong Strong Strong Strong Strong Rootworm Rootworm Root- Seedling
root root root root root root resistance resistance worm diseases
system system system system system system resis- resistance
Seedling Seedling tance
Seedling Seedling Rootworm Rootworm Rootworm diseases diseases
diseases diseases resistance resistance resistance resistance resistance
resistance resistance
Seedling
diseases
resistance

2. Combine your Starburst® with those of someone else at your table. Place your six traits

in the cup.
3. Shake the cup.
4. Draw out three Starburst® (traits). This represents the offspring from your cross.
5. Which characteristics does your new corn plant have? Circle the combination of traits
you have.
R R R R R R P B P Y
R R Y R P E P Y P Y
R b 4 Y P P Y b 4 Y P Y
Strong Strong Strong Strong Strong Strong Rootworm Rootworm Root- Seedling
root root root root root root resistance resistance worm diseases
system system system system system system resis- resistance
Seedling Seedling tance
Seedling Seedling Rootworm Rootworm Rootworm diseases diseases
diseases diseases resistance resistance resistance resistance resistance
resistance resistance
Seedling
diseases
resistance
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6. Select another corn plant at your table that has some or all of the desired traits. Cross
your plant with that plant by repeating steps 2-4. How many offspring in the class, have
all three of the desired traits? (Report as the number that do out of the total possible.)

- There will be less than 100% that have all three of the desired traits (unless they choose
while looking).

7. Why didn’t choosing the parents result in all of the offspring having the desired traits?
- There will be six candies in the cups and the probability of drawing out one of each color
will be determined by the number of each color and the mixing that will take place.

8. How does meiosis affect the outcome? What are the limitations of this model?

- Meiosis allows for different chromosomes from the parents to end up in different
gametes, one from each parent, but not all gametes will have all the same information.
Unless the parents are genetically identical, the offspring will show some traits from both
parents.

- This model does not allow for the separation of these traits to show up on separate
chromosomes (i.e. the colors represent different traits, but these traits are on different
chromosomes or are influenced by multiple genes. The candies do not represent genes,
Just the resulting traits.

9. How might plant breeders overcome these obstacles?

- Research on which genes influence these traits can be done. Scientists may be able to
isolate which genes and modify the genes through gene editing (CRISPR) or they may
find the trait in different species, isolate and transfer those genes to plants to give them
the traits to make them drought resistant.

10. How much might it cost (in dollars and time) to make these modifications? What are the
environmental costs and benefits?

- Economic and time: On average, GMOs take 13 years and $130 million of research and
development before coming to market. See more info about the costs at:
https://gmoanswers.com/ask/what-average-cost-associated-research-production-and-tes
ting-single-genetically-modified.

- Environmental costs are: 1) a monocrop with the same genetic modifications can be
more susceptible to a disease due to the lack of genetic diversity in the crop, 2) some
weeds in fields have become resistant to the use of herbicides after many years of use
of that herbicide, 3) some crops that do not have resistance to an herbicide may be
harmed if the herbicide is used in an adjacent field.

- Benefits: 1) the amount and concentration of harmful herbicides has decreased, 2) the
amount of harmful insecticides is greatly reduced since the plants make their own
insecticide, 3) some crops are disease resistant which saved the industry of rainbow
papaya (research papaya and ringspot virus), and is also used in potatoes and zucchini,
4) health benefits have been added fo some plants, such as, high oleic oil from
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https://www.pioneer.com/CMRoot/Pioneer/US/products/seed_trait_technology/see_the_difference/corn_drought.pdf
https://www.pioneer.com/CMRoot/Pioneer/US/products/seed_trait_technology/see_the_difference/corn_drought.pdf
https://www.frontiersin.org/articles/10.3389/fpls.2016.01534/full
https://www.hhmi.org/biointeractive/popped-secret-mysterious-origin-corn

advance but cannot
describe the
advantages over
selective breeding
nor the impact either
has on natural
systems.

advance over
selective breeding
and describe the
impact of genetic
modification on
natural systems.

advance over
selective breeding,
describe the costs
and benefits of
genetic modification
and the impact of
genetic modification

on natural systems.

Rubric for Student Self-Assessment

Skill Description Yes No

| constructed an explanation of
the selective breeding process
and the obstacles to it.

Constructing
Explanations

| can list the costs (both
economic and time) and benefits
of genetic modification

Evaluate or refine
a technological
solution to reduce
the impact of
human activities

on natural
systems.
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Selective Breeding vs
Genetic Modification



Case Study

According to Pioneer, the yield loss due to drought ranges from 40-80
bu/acre in Nebraska, with higher ranges in the west.

Economic effects of drought can be up to $9 billion in a drought year.
Economic impacts may include farmers who lose money because drought
destroyed or lowered the yield of their crops.

These economic impacts can be both direct, such as decreases in corn
production, and indirect, as seen by increases in the price of animal feed.
The traits that will help reduce the effects of drought in corn include: a strong
root system, resistance to root worm, and resistance to seedling diseases.



Selective Breeding Activity

e You have three Starburst® candies. These candies represent the traits that
determine resistance to drought.

e Stack your three Starburst® and determine your trait combinations using the
following key...

e Red for strong root system
e Pink for rootworm resistance

e Yellow for seedling diseases resistance



Table of traits for drought resistance

Make note of what characteristics your plant has.

R R R R R R
R R i R P P
R Y i P P Y
Strong = Strong Strong Strong root | Strong Strong
root root root system root root
system @ system system system system
Rootworm
Seedling Seedling resistance = Rootworm | Rootworm
diseases diseases resistance | resistance
resistance | resistance
Seedling
diseases

resistance

P
P
Y

Rootworm
resistance

Seedling
diseases
resistance

Rootworm
resistance

Seedling
diseases
resistance

Root-
worm
resis-
tance

Seedling
diseases
resistance



Find another person at your table and combine
your Starburst®

Place your six traits in the cup

Shake the cup

Draw out three Starburst® (traits)

This represents the offspring from your cross



Table of traits for drought resistance

What characteristics does your offspring have?

R R R R R R
R R i R P P
R Y i P P Y
Strong = Strong Strong Strong root | Strong Strong
root root root system root root
system @ system system system system
Rootworm
Seedling Seedling resistance = Rootworm | Rootworm
diseases diseases resistance | resistance
resistance | resistance
Seedling
diseases

resistance

P
P
Y

Rootworm
resistance

Seedling
diseases
resistance

Rootworm
resistance

Seedling
diseases
resistance

Root-
worm
resis-
tance

Seedling
diseases
resistance



Choose another person to cross plants with.

e Plant breeders do not rely on random combinations to see what happens.

e Find another plant with traits that you would like. Put the traits in the cup and
see what the offspring results are.

e How many plants result with all of the desired traits?

e How might plant breeders increase the chances they will get the desired traits
in their offspring?



Reflection

e How did the offspring from your cross differ from the “parents”?
What traits did your offspring have?

e The first process we used is random and the offspring are not easily
predictable. However, scientists can select for traits they desire and there are
predictable results, but the ratios of offspring rarely produce 100% of the traits
desired each time. The second time, we were more selective...did all of the
offspring have the desired traits?

e Seed researchers can selectively breed for resistance.
How long might it take to get the desired traits?



If it were only that easy...

e These traits (drought resistance) are controlled by many genes on different
areas of several chromosomes.

e How might the process of meiosis affect the breeding of different plants to
create the traits desired?

e How might plant breeders overcome these obstacles?

e How much might it cost (economically and time) to make these modifications?
What are the environmental costs and benefits?



Which crops are GMO in the United States? (Only 10!)

Corn (field and sweet)
Alfalfa

Canola

Cotton

Soybeans

Sugar beets

Rainbow Papaya

Potatoes

Summer squash (zucchini)
Arctic Apples



What are the modifications?

Corn (field and sweet) - drought and herbicide tolerance; insect resistance
Alfalfa - herbicide tolerance

Canola - herbicide tolerance

Cotton - herbicide tolerance and insect resistance

Soybeans - herbicide tolerance and insect resistance; health benefit
Sugar beets - herbicide tolerance

Rainbow Papaya - disease resistance

Potatoes - insect and disease resistance; reduce food waste

Summer squash (zucchini) - disease resistance

Arctic Apples - reduce food waste



Costs and benefits...

What are the costs of making these genetic modifications (both economic and
environmental)?

What are the benefits of these genetic modifications?
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R R R R R R P P P Y

R R Y R P P P Y P Y
R Y Y P P Y Y Y P Y
Strong Strong Strong Strong Strong Strong Rootworm Rootworm Root- Seedling
root root root root root root resistance resistance worm diseases
system system system system system system resis- resistance
Seedling Seedling tance
Seedling Seedling Rootworm Rootworm Rootworm diseases diseases
diseases diseases resistance resistance resistance resistance resistance
resistance resistance
Seedling
diseases
resistance

6. Select another corn plant at your table that has some or all of the desired traits. Cross your plant
with that plant by repeating steps 2-4. How many offspring in the class, have all three of the
desired traits? (Report as the number that do out of the total possible.)

e

Why didn’t choosing the parents result in all of the offspring having the desired traits?

8. How does meiosis affect the outcome? What are the limitations of this model?

©

How might plant breeders overcome these obstacles?

10. How much might it cost (in dollars and time) to make these modifications? What are the
environmental costs and benefits?
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Rubric for Self-Assessment

DRAFT

Skill Description Yes No
Constructing | constructed an explanation of the
Explanations selective breeding process and the
obstacles to it.
Evaluate or refine a | | can list the costs (both economic
technological and time) and benefits of genetic
solution to reduce modification
the impact of human
activities on natural
systems.
1§ Feed the World
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https://libguides.fredhutch.org/SEP/sep/dna?_ga=2.38659875.1602666715.1550264665-1837730585.1550264665
https://libguides.fredhutch.org/SEP/sep/dna?_ga=2.38659875.1602666715.1550264665-1837730585.1550264665
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Suggested timing

Allow 2 periods for students to determine protocol for their own lab group and to carry it out
Allow 1 period to run lab meeting

Allow 1 period to redesign protocol

Allow 1 period for evaluation/assessment

Materials
Resource Cards - 1 set per group printed front to back so descriptions are on the back of each
card
Student handout
Communication/Collaboration Check-In
Lab Meeting Data Sheet Post-Assessment
“Bag-In-A-Bag” Cell Model - 1 for the class
Cardboard box = plant cell wall
Large paper bag = cell membrane
Shredded plastic bags (filler) = cytoplasm
Smaller paper bag = nucleus
Yarn = DNA
Test tube of extracted corn DNA
For protocol testing
Gauze (filter) Funnels
15 ml test tubes
Plastic bags
Corn (fresh or frozen)
Vegetable oil
Baking soda
Salt
Vinegar
Water
Sugar
Ethanol (refrigerated)
Beakers
Graduated cylinder
Meat tenderizer

Teacher Preparation
Step-by-step guidelines are included on the student sheet to allow students some structure for
the development of their protocols within their groups.
1. Make copies as described in the Materials section.
2. Set up an area in the classroom that students can access the different resources and
measuring tools for DNA extraction.
3. Make the “Bag-In-A-Bag” cell model.
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Rubrics for Self-Assessment

Communication/Collaboration Check-in

Your Current Ability to Communicate Using Evidence — indicate by putting an X on the
line

a. Rating Scale: My current ability to communicate using evidence when talking in my lab group.

1 5 10 1 =very low, 10 = very high

b. Rating Scale: My current ability to communicate using evidence when talking in large class

“lab meeting”. 1 5 10 1 =very low, 10 = very high

c. What is one way in which you improved in your ability to participate in a class discussion? Be
specific. Give an example from the lab group work or meeting if possible.

| would rate our collaboration as:  Non-existent OK Very Good

The reason for my rating is:

One improvement | would suggest in order to improve our communication and collaboration
is:

Final Assessment

Skill Yes No

Everyone had a chance to
participate equally in our
discussion.

Everyone listened well to
contributions.

Someone in our group took
over.

| “kept up” and understood what
our group was doing and why.

We divided up the work fairly.
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6. Fill out the Communication/Collaboration Check-In before you begin testing.

7. Obtain all the materials you need. Work through your initial protocol for the rest of the class
time. Write notes on any changes, observations, or clarifications in your lab notebook.

8. Once finished, record your results. Do you believe that you extracted DNA? If so, what does it
look like? If not, why do you think you did not get it?

9. Label your test tube with your group name and date. Store in the refrigerator. Keep your
results to compare with the other groups’ results during the next meeting.

10. For homework, consider changes you would make to your protocol and why you would
make those changes.

Lab Meeting
Prepare an informal presentation of your findings during the lab meeting. Communicate a
summary of your protocol and how well your method of extraction worked out. In your group,
discuss the following questions and record your answers in your lab notebook:

a. What was your protocol?

b. What can you conclude about the effectiveness of your method? (claim)

c. How do your results support your conclusion and why? (evidence and reasoning)

d. What worked with your protocol? What did not?
2. All members of your lab team must take part in the presentation of your protocol and findings.
3. After each presentation, be prepared to ask clarifying questions of the presenting team.
4. As each team presents their findings, consider whether the team used a “scientific’ approach
to developing their protocol.

a. Was their design informed by their understanding of the cell?

b. Is their protocol detailed enough for anyone to be able to repeat it and obtain the

same results? This characteristic is called “being replicable”.
5. Consider how other groups’ protocols differ from yours. What can you learn from the other
groups that you did not know or did not consider?
6. Using the Lab Meeting Data Sheet, make notes on how each team’s protocol differed. During
the discussion, write down any interesting questions, responses, or comments that you feel
would be important to note.
7. After all groups have presented, the class will collaborate in developing a new protocol using
the knowledge gained from each team'’s initial testing. Record the new protocol in your lab
notebook.

New Protocol Testing

1. Return to your team and run the new class-developed protocol.

2. In your lab notebook, write down any observations.

3. Store the lab results in the refrigerator with your team name and date.

4. Compare the results from the class-developed protocol with your initial results.
5. Complete the Post-Assessment.

6. Discuss your final results as a class.
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Rubrics for Self-Assessment

Communication/Collaboration Check-in

Your Current Ability to Communicate Using Evidence — indicate by putting an X on the
line

a. Rating Scale: My current ability to communicate using evidence when talking in my lab group.

1 5 10 1 =very low, 10 = very high

b. Rating Scale: My current ability to communicate using evidence when talking in large class

“lab meeting”. 1 5 10 1 =very low, 10 = very high

c. What is one way in which you improved in your ability to participate in a class discussion? Be
specific. Give an example from the lab group work or meeting if possible.

| would rate our collaboration as:  Non-existent OK Very Good

The reason for my rating is:

One improvement | would suggest in order to improve our communication and collaboration
is:

Final Assessment

Skill Yes No

Everyone had a chance to
participate equally in our
discussion.

Everyone listened well to
contributions.

Someone in our group took
over.

| “kept up” and understood what
our group was doing and why.

We divided up the work fairly.
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Rubric for Constructing Explanations and Designing Solutions

Skill

Beginning

Satisfactory

Exemplar

Construct an
explanation based on
evidence for how the
structure of DNA
determines the
structure of proteins

Participated in the DNA
sentence activity.
Explanation of the
function of DNA and the
roles DNA, mRNA and
tRNA in transcription
and translation of DNA
into proteins does not
accurately or
completely explain the
process.

Participated in the DNA
sentence activity.
Explanation of the
function of DNA and the
roles DNA, mRNA and
tRNA in transcription
and translation of DNA
into proteins is
complete and accurate;
new DNA describes a
different sentence

Participated in the DNA
sentence activity.
Explanation of the
function of DNA and the
roles DNA, mRNA and
tRNA in transcription
and translation of DNA
into proteins is
complete and accurate;
new DNA strand
describes a different

DRAFT

(protein). “sentence” that
describes an actual
protein that will carry
out a particular
function. (i.e. GFP,
insulin, etc)

Rubric for Self-Assessment
Skill Yes No
| participated in each role
during the DNA activity.
| can explain the function of
DNA and the roles of DNA,
mRNA and tRNA in
transcription and translation
of DNA into proteins.
| created a new “sentence”
(protein) using DNA ftriplets to
create a different set of words
(amino acids)
1§ Feed the World
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2. Ethanolis clean energy from corn.
TAC AGT TCC GAC ATC ATG AGG ATT
3.  GMOs improve nutrition.
TAC AAA CCCAGCATT
4,  DNA is the molecule of life.
TAC TTA TCC TCG TGG TTT TAA ATT
5. Biotechnology increases yield.
TAC CGG CCC CGT ATT
6. Biotechnology decreases pesticide use.
TAC CGG CCG AAC AGA ATT
7. GMOs will meet the increasing demand for food.
TAC AAA GCG CGA TCG CCC ATA TAT CAA ATT
8. GMOs decrease poverty and increase sustainability.
TAC AAA CCG TGC GAG CCC AAG ATT
9. GMOs can grow on marginal land
TAC AAA ACG TGT TTT GCA CCT ATT
10. Some corn is drought tolerant.
TAC ACT AGG TCC CAC TTC AAT
11. One bushel of corn used for ethanol makes 17.5 pounds of distiller's dried grains.
TAC CTT GAT TTT AGG AGA TAT AGT CAG TTG ACC TTT CCA ATT
12. Corn ethanol meets the demand for fuel and food.
TAC AGG AGT CGA TCG ATA TAT ATC GAG CAA ATT
13. One bushel of corn equals 56 pounds.
TAC CTT GAT TTT AGG CAG TTG ACC ATT
14. One bushel of corn makes 2.8 gallons of ethanol.
TAC CTT GAT TTT AGG CAG TTG ACC TTT AGT ATT
15. GMOs grow more food on less land.
TAC AAA TGT CCC CAATTT CCG CCT ATT
16. Biotechnology decreases energy use.
TAC CGG CCG ATC AGA ATT
17. Biotechnology decreases CO2 production.
TAC CGG CCG TAG TGA ATT
18. Biotechnology improves water and soil quality.
TAC CGG CCC GTT GAG AAT GCT ATT
19. 40% of corn is used to produce ethanol.
TAC TTG ACC TTT AGG TCC AGA CAT TGA AGT ATT
20. Dent corn produces most corn products.
TAC GAA AGG TGA ACA AGG TGA ATT
“°DRAFT

Ethanol decreases CO2 production.
TAC AGT CCG TAG TGA ATT

i P et e rtd
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PESTICIDE

SOIL

POUNDS/GALLONS/
PERCENT

GMOs

SUSTAINABILITY

MOST

CAN
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NUTRITION

ETHANOL

ENERGY/FUEL

USE(D)/USING

CORN

DEMAND

FROM
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MORE

FOOD
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BIOTECHNOLOGY

ONE

CLEAN

BUSHEL
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WILL

OUR

LIFE

CO2

MARGINAL

QUALITY

WATER

START
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Transcription/translation group data sheet

Sentence number:

Transcriber name:
mRNA codons:

Translator:

tRNA codons:

Sentence:

tRNA runner name:

tRNA runner name:

Transcription/translation group data sheet

Sentence number:

Transcriber name:
mMRNA codons:

Translator:

tRNA codons:

Sentence:

tRNA runner name:

tRNA runner name: 1§ Feed the World
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4. What area of the cell does your table represent?

5. What do the words represent? The completed sentences?

6. What do you think the consequences might be if an error occurred in the cell as it goes

through the process of protein synthesis?

Rubric for Self-Assessment

Skill

Yes

No

| participated in each role
during the DNA activity.

| can explain the function of
DNA and the roles of DNA,
mRNA and tRNA in
transcription and translation
of DNA into proteins.

| created a new “sentence”
(protein) using DNA ftriplets to
create a different set of words
(amino acids)
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Cross Cutting Concept

Cause and Effect The different gene combinations in the Punnett
e Empirical evidence is required to squares result in different seed color and shape
differentiate between cause and on the corn cob.

correlation and make claims about
specific causes and effects.

*Student handout information is indicated in light gray print. Answer keys are imbedded in the
student handout section.

Materials*
Carolina Biological Supply 17-6810 Monohybrid cross
Carolina Biological Supply 17-6900 Dihybrid cross

*The activity can be completed without the Carolina corn, however, having the actual cobs allow
students the added check to see that sometimes, the expected ratio is not what results in reality.
(For example: although there is a 50-50 chance that human offspring will be male or female,
there are many instances where there are families of all girls or all boys.) The percent chance
resets each time a cross occurs. Each kernel of corn is a separate offspring that results from a
single silk.

Prior Knowledge

Students need to understand how to show a cross using a Punnett square. This should be part
of a middle school science course. Students will need to know the definition of alleles, the
difference between a genotype and a phenotype, homozygous and heterozygous and dominant
and recessive traits. Mendel's Law of Independent Assortment is also applied for these two
traits.

Teacher Preparation
Make copies of the Student handout

1§ Feed the World
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https://commons.wikimedia.org/w/index.php?curid=348910
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https://www.youtube.com/watch?v=prkHKjfUmMs
https://www.khanacademy.org/science/high-school-biology/hs-classical-genetics/hs-introduction-to-heredity/a/the-law-of-independent-assortment
https://www.khanacademy.org/science/high-school-biology/hs-classical-genetics/hs-introduction-to-heredity/a/the-law-of-independent-assortment
https://www.youtube.com/watch?v=gCb9TSpuxUU&list=PL-4ublK0Dtz73kHbrffkkgGxjWhtV0dIr
https://www.youtube.com/watch?v=gCb9TSpuxUU&list=PL-4ublK0Dtz73kHbrffkkgGxjWhtV0dIr

Rubric for Assessment

chromosomes in coding
the instructions for
characteristic traits
passed from parents to
offspring.

struggles with the
dihybrid cross. Student
cannot explain how the
process of meiosis and
independent
assortment affects
results

Skill Developing Satisfactory Exemplary
Ask questions to clarify | Student can complete a | Student can complete Student can complete
relationships about the | monohybrid cross using | monohybrid and monohybrid and
role of DNA and a Punnett square, but dihybrid crosses. dihybrid crosses.

Student can clarify the
relationship of
independent
assortment of
chromosomes on the
outcome of multiple
crosses.

Student can clarify the
relationship of
independent
assortment of
chromosomes on the
outcome of multiple
crosses. Student can
also explain the impact
of technology on
traditional breeding.

Rubric for Self-Assessment

Skill

Yes

No

| correctly completed a
Punnett square for a
monohybrid cross.

| correctly completed a

Punnett square for a dihybrid
Cross.

I understand Mendel's Law of
Independent Assortment and
its impact on the traits in
these crosses.

| discovered at least one new
technique in breeding that
has impacted the
development of new hybrids.

DRAFT
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3. Count the kernels on the cob to determine the actual ratio.
Dihybrid cross - looking at two genes that are on two different chromosomes

Use the model (Carolina Biological Supply 17-6900 Dihybrid cross) to complete the
activity below.

4. Cross Colored Aleurone (RR), Starchy (SU/SU) corn with Colorless Aleurone (rr), Sweet
Endosperm (su/su), Il in the Punnett square below to show the F1 results.

rsu rsu rsu rsu
R Su RRSU/SUxrrsu/su

R Su a. What are the resulting genotypes?
R Su

R Su b. What are the resulting phenotypes?

5. When you cross two of the offspring from above, what will be the result in the F2 generation?

R SU R su rSU rsu
R SU RRSU/SUxrrsu/su
R su
a. What are the resulting genotypes?
r SuU
r su b. What are the resulting phenotypes?

6. How might you get 100% colorless and sweet offspring?

1§ Feed the World
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Reflection

1. How long would it take for a farmer to accomplish this amount of crossing on his/her own?

2. What are some traits that farmers may value that could be a result of two different corn

varieties?

3. Seed chipping, a technique discovered by Monsanto. How much time does that take off of the

typical hybridization cycle?

4. Look for other techniques being used to cut the time it takes to make new hybrids (i.e. DNA
markers and genome mapping). Describe how these methods are helping reduce the time to
create new lines that will have increased resistance to weed pressure, pests and drought.

Rubric for Self-Assessment

Skill

Yes

No

| correctly completed a
Punnett square for a
monohybrid cross.

| correctly completed a
Punnett square for a dihybrid
Cross.

I understand Mendel's Law of
Independent Assortment and
its impact on the traits in
these crosses.

| discovered at least one new
technique in breeding that
has impacted the
development of new hybrids.
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https://msutoday.msu.edu/feature/2018/gmos-101/
http://www.pbs.org/wgbh/harvest/engineer/transgen.html
https://www.hhmi.org/biointeractive/crispr-cas-9-mechanism-applications

Steps in bacterial
transformation

Student instructions

These cards contain the basic steps in using plasmid vectors to
transform bacteria. Sort them into the correct order.

Be sure to learn and understand the meanings of any words that
are unfamiliar to you.

Teacher instructions

—

Copy these cards onto card stock, laminate, and cut.
2. Pass out to students so that the cards are in random order.

3. This activity may be used to introduce and/or review the topic
of “bacterial transformation.”

4. Ask students to place the cards into an order that “makes
sense.” Students may work singly, in pairs, or in small groups.

5. Ask questions as you circulate around the room:
+ What do you need to start?
+ What is the final product you want?
+ Why did you put this card in this place?
- What made you think that?
» Which would come first: a few, or a lot?

6. Remind students to use the vocabulary words as they ask
questions to you and discuss the cards with their classmates.
Encourage them to make a list of unfamiliar terminology and
use favorite techniques to learn this new vocabulary.

7. Review the correct order with them.

8. Students may then take notes from the cards.



Identify a phenotype

of interest

Example: Bacillus thuringiensis produces a toxin that is
lethal to corn borers.



Identify a gene that codes D

for the desired phenotype

Example: Through experimental research, the gene for Bt
toxin was identified and isolated



Gene of interest is engineered

into a plasmid vector

+ Plasmid vector may be engineered by an individual lab
or purchased from a supplier

- Restriction enzymes cut DNA, opening the plasmid
« Gene of interest is mixed with open plasmids

+ Plasmid reforms with gene of interest within



Agrobacterium are transformed E
by the plasmid vector

Bacteria uptake the plasmid when heat-shocked.

Placing bacterial cells in a hot water bath disrupts the cell
membranes and makes them more permeable. The plasmids
are now able to cross the disrupted membrane.



Replication of plasmid vector A

by bacteria

Agrobacterium cell machinery is harnessed as a way to
multiply the plasmid vector containing the desired genes.



Lesson 5
Moving Genes

Focus Question: How do we use plasmids to genetically modify bacteria?

Vocabulary: phenotype, genotype, plasmid vector, gene of interest, heat shock, promoter,

restriction enzymes

The set of cards contain the basic steps in using plasmid vectors to transform bacteria. Arrange
the illustrated cards in order to show your understanding of how genes are moved.

List the order of the cards your group decided is correct. Take notes below on the process.
Provide an explanation for why this is the arrangement by describing the steps in your own

words.

Rubric for Self-Assessment

Skill

Yes

No

My group was able to
properly sequence the steps
in moving genes.

| still have questions about

the process of moving genes.
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http://www.bio-rad.com/webroot/web/pdf/lse/literature/1660033.pdf
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https://msutoday.msu.edu/feature/2018/gmos-101/
https://www.youtube.com/watch?v=nfC689ElUVk
https://www.youtube.com/watch?v=QFfUFyUvP-w
https://www.hhmi.org/biointeractive/crispr-cas-9-mechanism-applications
https://www.youtube.com/watch?v=52jOEPzhpzc&t=2s
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Lesson 6A

Plasmid modeling

Focus Questions: How does genetic modification work? How does DNA work in bacteria? How
might we use that to aid in genetic modification?

Vocabulary: restriction enzymes, plasmid vectors, nucleotides

Background

Genetic modification is different than crossing different varieties of the same plant species. It is
taking a gene from one species and inserting it into the genetic material of another, different
species. This is what makes it so specific. Scientists have been able to modify bacteria to
produce insulin for humans that is genetically identical to the insulin produced in a human
pancreas. How is this possible?

Scientists have been able to isolate genes that code for specific proteins that determine traits
through genomic studies (discovering the DNA sequence of an entire organism). Proteins,
called restriction enzymes, have been discovered and have been used to cut out the desired
gene from a strand of DNA. Scientists have also used various bacterial species to act as vectors
that can carry genetic material.

Bacteria are ideal species for these vectors, as they contain chromosomal DNA and plasmid
DNA. A plasmid is a circular piece of DNA that is found naturally in bacteria. These plasmids
can replicate when the bacterium replicates and may be composed of as few as 1,000 or up to
20,000 nucleotides. The genes in the plasmid are expressed by the bacterium, perhaps helping
it to resist antibiotics, or produce a toxin.

PART I
In this activity, you will create a model to show
1) how a gene may be removed from a strand of DNA, then
2) inserted into a plasmid, to be taken up by bacteria.
This will demonstrate the process that was used to make the plasmid in the Bio-Rad pGLO™
Bacterial Transformation Kit.

Use beads or other materials (mini marshmallows, blocks, toothpicks, etc.) to create a model to
show the process of genetic modification. Your model must include:
- the gene or genes of interest from the original species within the DNA strand;
- agene to allow for the selection of the transformed cells (often this is an antibiotic
resistance gene);
- the action of the restriction enzyme to “cut” out the gene(s) of interest;
- the addition of the gene or genes of interest into the existing DNA of the organism you
are trying to modify; and
- the action of the DNA ligase that “attaches” the DNA nucleotides together in place.

1§ Feed the World
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Your model is just that. There is no need to make strings of genes with the exact numbers of
bases, otherwise, you would need many more beads (materials).

Use your model to explain how genetic modification (by inserting a trait from another organism)
may allow for the species that is modified to have better survival chances.

PARTII

Now that you have your model, how might we get the bacteria to uptake the plasmid you made?
1. If a plastic bottle or balloon acts as the bacteria model, how might we get the genes inside the
bottle?

2. What will happen to the cell membrane if we heat the bacteria a bit? (Think of yourself in a
hot tub or sauna.) What will happen to the cell membrane if we put it in ice water? (Think of

yourself on a chilly day without a coat on.)

3. How could the conditions in #2 help us get the plasmid in the bottle or balloon?

Rubric for Self-Assessment

Skill Yes No

My model showed all five
aspects of the plasmid
required.

| was able to explain how my
model operated in writing or
orally to my classmates.
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1. Copy protocol instructions

2. Organize students in groups of 3-4, with two pipettes each of different sizes to work
together to create the pattern. From the protocols (attached on additional pages) there
are multiple amounts called for and each student will have ample opportunity to pipette.
If a check for accuracy is desired after each student adds their assigned color/amounts,
they can determine the mass at that point and measure to see where they are in terms of
accuracy.

Final totals for each protocol
A = DNA = 5045pl = 5.045¢g

B = Corn = 5841l = 5.841g

C =pGLO = 58217ul =5.217¢g

D = a plasmid = 1932pul = 1.932g
E = GMO = 4694l = 4.694¢g

F = KCC =4104pl = 4.1049g

G = DDG = 4800ul = 4.800g

Student Handout

Background

Micropipettes are used to transfer small measured volumes of liquid in the lab. Micropipettes
can be fixed rate or adjustable, and can vary in the increment measured as well, full microliters
(ul) or fractions of a yl. On an adjustable micropipette, the volume can be changed by twisting
the handle or top of the plunger, depending on the brand/type you have. The readout dial will
show the volume the micropipette is adjusted to transfer. The micropipette is limited to the
volume range that is pre-set on the instrument. The most common ranges include: 0.5-10pl,
2-20pl, 10-100p! and 100- 1,000pl. A pipette tip must be used with the micropipettor. The tip is
where the liquid is stored as it is being transferred. A new pipette tip should be used for each
different liquid. The tip is ejected by using the ejector mechanism on the micropipette; some tips
must be manually removed, depending on the micropipette.

Before pipetting, practice!

Practice feeling the “soft ” stop several times; taking the sample from the center of the container
holding the liquid to be transferred; transferring the liquid while the pipette is upright; releasing
the liquid into the appropriate microtube or cell well by touching the tip to the side and
depressing the plunger, first to the “soft * stop, next to the “hard” stop; changing tips for each
liquid.

When ready to draw up a liquid, obtain a clean tip. Press the pipette into the open end of the tip
and tap gently to “seat” the tip on the pipette. Place the tip in the liquid, just below the level of
the liquid, in the center of the sample, but not to the base of the container. Depress the plunger
on the pipette to the “soft " or first stop. The position of this stop will vary depending on the
volume set to transfer (since the point of initial resistance is determined by the desired volume
of solution being transferred). Release the plunger to draw up the liquid. Once the desired
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volume is drawn into the tip, remove the pipette, and take the liquid to its destination. Release
the liquid along the side of the tube then depress the plunger, first to the “soft ” stop, then one
second later to the second or “hard” stop to remove all of the contents. Remove the tip from the
liquid before the plunger is released. Discard the tip by ejecting into a proper waste receptacle.
If you need additional direction, watch this pipetting video: youtube.com/watch?v=bex0itUMxml

Materials

Micropipettors of various sizes

96-well plate 1 per group

Colored water in 10mL amounts (color needed dependent upon which protocol)
Micropipetting protocol colors:

a. Red and Blue water

b. Yellow and Green water

c. Green and Blue water

d. Blue, Red and Green water
e. Red and Yellow water

f. Yellow and Green water

g. Blue and Red water

Procedure

; 8
2,

Follow your assigned protocol to practice pipetting.
Mass your empty 96-cell well plate on a scale that measures to 0.001 g. What is the
mass of your cell well plate?

Use a disposable pipette to accurately transfer the correct amount of liquid to the cell
plate. Follow the first 5 instructions, then check your accuracy by measuring the mass of
your plate. Is it possible to transfer the correct amounts with a disposable pipette?

Empty your cell well plate. Measure the mass again on the scale (it will be impossible to
remove all of the water, so this will be a different amount than above). What is the mass
of your plate?

Use the micropipettors to measure the amounts for your protocol. Add up the total of the
amounts you have added to the cell well plate. Measure periodically (after 3-5 additions)
to see how accurate your are. Be sure to subtract the amount from #4.

If the mass is equal to the pipetted amounts you have added (1000pl = 1g), then you are
being accurate in your measurements. Take turns with others in your group adding the
amounts called for, and continue checking your accuracy as you go along.

What is your pattern?

Assessment
1. Check your accuracy by using a mass scale that measures to the thousandths.
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Our group pipetted the correct amounts into the
cell well plate and we calculated our percent
error.

Our pattern helped me to ask questions and
define problems related to biotechnology.

We were able to connect our pattern to a
biotechnology related topic.
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a. Red and Blue water

b. Yellow and Green water

c. Green and Blue water

d. Blue, Red and Green water
e. Red and Yellow water

f. Yellow and Green water

g. Blue and Red water

Procedure
1. Follow your assigned protocol to practice pipetting.
2. Mass your empty 96-cell well plate on a scale that measures to 0.001 g. What is the
mass of your cell well plate?

3. Use a disposable pipette to accurately transfer the correct amount of liquid to the cell
plate. Follow the first 5 instructions, then check your accuracy by measuring the mass of
your plate. Is it possible to transfer the correct amounts with a disposable pipette?

4. Empty your cell well plate. Measure the mass again on the scale (it will be impossible to
remove all of the water, so this will be a different amount than above). What is the mass
of your plate?

5. Use the micropipettors to measure the amounts for your protocol. Add up the total of the
amounts you have added to the cell well plate. Measure periodically (after 3-5 additions)
to see how accurate your are. Be sure to subtract the amount from #4.

6. If the mass is equal to the pipetted amounts you have added (1000ul = 1g), then you are
being accurate in your measurements. Take turns with others in your group adding the
amounts called for, and continue checking your accuracy as you go along.

7. What is your pattern?

Assessment
1. Check your accuracy by using a mass scale that measures to the thousandths.
a. Add up the volume of the liquid added.
b. Convert volume to mass (1000ul = 1mL; 1mL =1 Q)
c. Zero a scale with an empty 96-well plate
d. Calculate the mass of the completed design
2. Check your percent error by doing the following:
a. calculate the expected mass
b. subtract your experimental mass from the expected mass
c. take the absolute value of the answer
d. divide the difference by the expected mass
e. multiply by 100 to get the percent error
Example:
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Expected mass = 4789puL or 4.789g
Experimental mass =5 g
4789-5=-0.211
0.211/4.789 = 0.044 x 100 =4.4%

Because the amounts are so small, even a low percent error can result in major difficulties if
completing a protocol in a lab. You want to be as close to 1% error as possible.

Rubric for Self-Assessment

Skill Yes Not Quite No

Our group pipetted the correct amounts into the
cell well plate and we calculated our percent
error.

Our pattern helped me to ask questions and
define problems related to biotechnology.

We were able to connect our pattern to a
biotechnology related topic.
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4. Mass 4.5 grams of agar and add it to the MS solution.

5. Cover the flask with foil and heat on high and stir on the hot plate until the liquid is just boiling.
Agar will boil over quickly.

6. Simmer the liquid for 30 minutes on low heat and let cool to touch (to about 50°C).

7. Pour the still warm medium into the culture tubes until one-third full. Cover immediately to
cool.

8. Store culture tubes in sets of 6-8 in test tube racks.

9. Place the culture tubes in an autoclave to sterilize.

Sterilize transfer chamber and equipment preparation

(Students could be assigned to make their own sterile chambers if desired, or there can
be one for class use that will need to be closely monitored as groups cycle through.)

If a laminar flow hood is available, this should be used to maintain a sterile environment. If not,
follow the steps below to create a sterile working environment for the transfer of materials to the
growth media.

1. A classroom transfer chamber can be made from a clean glass aquarium turned on its side.
Scrub the aquarium thoroughly with a 10% bleach solution in a chemical hood if possible,
making sure that you wear gloves and do not inhale the fumes. Rinse with sterile distilled water,
turn upside down on a clean counter or paper towels and allow to dry.

2. Cut holes in a clean plastic sheet to allow arms to reach into the chamber and reinforce the
cut edges with tape if necessary. Tape the clean plastic sheet over the open side of the
aquarium making sure that the armholes are located at a convenient height. Plastic sleeves
could also be fitted to these holes if you wish to make it easier to prevent the entry of airborne
spores into the chamber. The finished aquarium chamber can be sterilized by spraying with
10% bleach solution just prior to each use and drying with sterile paper towel.

3. Alternatively, a plastic oven bag can be used. Plastic bags are sterile until opened since they
are heated when formed. Before use, the bag can be sterilized by spraying with 10% bleach
solution just prior to each use and drying with a sterile paper towel.

4. Wrap the forceps, scalpels, razor blades, and/or cork borer, paper towels and gloves (rubber
or surgical) in aluminum foil, seal with tape and sterilize by placing in an oven at 350°F for 15
minutes. You can wrap each item separately or put together a “kit” so that each student will
have their own sterile equipment to use.

5. Alternatively, the forceps and blades can be sterilized by dipping in 10% bleach solution and
then rinsing in sterile water. If you choose to dip in bleach and rinse in sterile water, it is best if
fresh solutions are available for each student group since the water can easily be contaminated
if care is not used. These liquid containers should only be opened when they are inside of the
sterile chamber.

Plant preparation (Assign to students for their own groups to use.)

You will be sterilizing the plant material to remove any bacteria or fungal spores that are
present. The aim is to kill all microorganisms, but at the same time not cause any adverse
damage to the plant material.
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Rubric for Self-Assessment

Skill

Yes

No

| used sterile technique to
sterilize and transfer explants
to culture tubes.

The explants grew into
healthy plants.
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Lesson 6C

Plant Tissue Culture

Focus Questions: How might we create a sterile growing environment? How important is a sterile
environment? How is a plant clone produced?

Vocabulary: plant tissue, tissue culture, sterile/aseptic technique, explant, nutrient medium

Background

Plant research often involves growing new plants in a controlled environment. These may be
plants that we have genetically altered in some way or multiple copies of cloned plants. This can
be accomplished through the tissue culture of small tissue pieces from the plant of interest.
These small pieces may come from a single mother plant or they may be the result of a genetic
transformation of single plant cells, which are then encouraged to grow and to ultimately
develop into a whole plant. Tissue culture techniques are often used for commercial production
of plants as well as for plant research.

Tissue culture involves the use of small pieces of plant tissue (explants), which are cultured in a
nutrient medium under sterile conditions. Using the appropriate growing conditions for the
explant type, plants can be induced to rapidly produce new shoots and new roots. These
plantlets can also be divided, usually at the shoot stage, to produce large numbers of new
plantlets. The new plants can then be placed in soil and grown in the normal manner.

The most important part of this activity, however, is to maintain as sterile an environment as
possible. Even one fungal spore or bacterial cell that comes into contact with the growth media
will rapidly reproduce and soon completely overwhelm the small plant.

Materials

Sterile distilled water

10% bleach solution (Mix 100 mL household bleach + 900 mL water)

70% alcohol

Cutting equipment such as a scalpel blade or razor blade (Sterile or dip in 10% bleach then
rinse in sterile water)

Forceps or tweezers (Sterile or dip in 10% bleach then rinse in sterile water)

Gloves

Cauliflower florets

Sterile paper towels or petri dishes for cutting

Lidded containers in which to wash the plant material

Detergent-water mixture (Mix 1ml detergent per liter of water)

Sterilizing solution: 1-2% bleach Solution (Mix 5—10 ml household bleach + 500 ml water)
2 or 3 beakers or jars for sterile water

2 spray bottles
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7. Replace the lid on the culture tube.

Growing the plants
1. Place plant sections in a well-lit area of the classroom although not in direct sunlight. The
shoots will grow more quickly if the explants are placed under fluorescent or grow-lights to
provide at least 12 hours of light per day. The aquarium can be used as a growth chamber with
the lighting about 8—-10" overhead. This will also help maintain a more regular and warm
temperature. Ensure that the temperature does not go over 82.4°F. New shoots should develop
within 2 weeks and should be well advanced in 3 to 4 weeks. Check the tubes daily and discard
any that show signs of infection (before discarding, add bleach into the tube). Roots can appear
within 6 weeks on cauliflowers.

Rubric for Self-Assessment

Skill

Yes

No

tubes.

It was easy to use sterile
technique to sterilize and
transfer explants to culture

healthy plants.

The explants grew into
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problems, using digital tools when
feasible. (HS-LS3-3)

Constructing Explanations and Designing
Solutions
e Construct an explanation based on valid

and reliable evidence obtained from a
variety of sources (including students’
own investigations, models, theories,
simulations, peer review) and the
assumption that theories and laws that
describe the natural world operate today
as they did in the past and will continue to
do so in the future. (HS-LS1-1)

e Evaluate or refine a solution to a complex
real-world problem, based on scientific
knowledge, student-generated sources of
evidence, prioritized criteria, and trade-off
considerations. (HS-ESS3-4)

Students obtain information about the process
they used to transform bacteria and find
information from other sources to explain how the
protein the bacteria are now producing results in
glow, and to communicate that with support from
evidence.

Students will be able to explain why selective
breeding would not have created this bacterial
trait.

Students evaluate and refine a solution to
determine if genetic modification results in
reduced impacts of human activities on natural
systems.

Disciplinary Core Ideas

LS3.B: Variation of Traits
e Environmental factors also affect
expression of traits, and hence affect the
probability of occurrence of traits in a
population. Thus, the variation and
distribution of traits observed depends on
both genetic and environmental factors.

LS1.A: Structure and Function

e All cells contain genetic information in the
form of DNA molecules. Genes are
regions in the DNA that contain the
instructions that code for the formation of
proteins. (secondary) (Note: This
Disciplinary Core Idea is also addressed
by HS-LS1-1.)

LS3.A: Inheritance of Traits

e Each chromosome consists of a single
very long DNA molecule, and each gene
on the chromosome is a particular
segment of that DNA. The instructions for
forming species’ characteristics are
carried in DNA. All cells in an organism
have the same genetic content, but the
genes used (expressed) by the cell may
be regulated in different ways. Not all
DNA codes for a protein; some segments
of DNA are involved in regulatory or

Transformed bacteria will grow on plates that
non-transformed bacteria will not.

The bacteria that incorporated the plasmid will
express genes that control bacteria will not.

DRAFT
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structural functions, and some have no
as-yet known function.

Cross Cutting Concepts

Structure and Function
e Investigating or designing new systems or
structures requires a detailed examination
of the properties of different materials, the
structures of different components, and
connections of components to reveal its
function and/or solve a problem.
Cause and Effect
e Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects.
Stability and Change
e Feedback (negative or positive) can
stabilize or destabilize a system.(HS-
ESS3-4)

Connections to Engineering, Technology, and
Applications of Science
Influence of Engineering, Technology, and
Science on Society and the Natural World
e Engineers continuously modify these
technological systems by applying
scientific knowledge and engineering
design practices to increase benefits
while decreasing costs and risks.
(HS-ESS3-4)
Scale, Proportion, and Quantity
e Algebraic thinking is used to examine
scientific data and predict the effect of a
change in one variable on another (e.g.,
linear growth vs. exponential growth).
Connections to Nature of Science
Science is a Human Endeavor
e Technological advances have influenced
the progress of science and science has
influenced advances in technology.
e Science and engineering are influenced
by society and society is influenced by
science and engineering.

Genetic modification is possible as a result of
various discoveries about enzymes that can cut
DNA at specific points and pastes DNA back
together again. These methods use the physical
and chemical properties of several structures in a
cell in order to accomplish the transformation.

When actions are applied to a cell, certain
outcomes are expected (heat shock will open pore
spaces in the bacterial membrane and salt
solution in the cell environment will attract the
plasmid into the cell using differential charge).

New techniques are used to genetically modify
organisms including: TALEN, Meganucleases and
a genome-editing technique called CRISPR-Cas?9.

Extension: Determining the transformation
efficiency uses this thinking.

Humans will need to determine if the use of these
new technologies will be accepted.

Teacher Background

This activity was designed to demonstrate in one lab period how bacteria can be genetically
modified. (The previous lessons were designed to be used to prepare students for this lab.)
Genetic modification is a powerful tool wherein DNA from one organism is added to the DNA of
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Rubric for Assessment

Skills

Developing

Satisfactory

Exemplary

Construct an
explanation based on
evidence for how the
structure of DNA
determines the
structure of proteins
which carry out the
essential functions of
life through systems of
specialized cells.

Students complete the
lab procedure but have
no glowing colonies or
they have
contamination on their
agar plates.

Students genetically
modify E. coli bacteria
to glow in the presence
of arabinose under a
UV light. They make
observations about
which bacteria grow
best in which condition
determined by the
plasmid DNA that is
contained within the
bacteria.

Students genetically
modify E. coli bacteria
to glow in the presence
of arabinose under a
UV light. They make
observations about
which bacteria grow
best in which condition
determined by the
plasmid DNA that is
contained within the
bacteria and explain
their observations.

Ask questions to clarify
relationships about the
role of DNA and
chromosomes in coding
the instructions for
characteristic traits
passed from parents to
offspring.

Students ask questions
but are unable to
explain the results in
each plate related to
the role of DNA in
coding the differences
in the treated vs
untreated E. coli.

Students ask questions
and explain the results
in each plate related to
the role of DNA in
coding the differences
in the treated vs
untreated E. coli.

Students ask questions
and explain the results
in each plate related to
the role of DNA in
coding the differences
in the treated vs
untreated E. coli.
Students can suggest a
use for the GFP protein
in @ mobile organism.

EXTENSION:

Apply concepts of
statistics and probability
to explain the variation
and distribution of
expressed traits in a
population.

Students determine the
transformation
efficiency of their
experiment.

EXTENSION:

Evaluate or refine a
technological solution
that reduces impacts of
human activities on
natural systems.

Students learn one
technique to genetically
modify an organism (E.
coli), which is an
example of a
technological solution
then evaluate whether
genetic modification
reduces impacts of
human activities on
natural systems.
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1.

Transform Bacteria

Label one closed micro test tube +pGLO and another
-pGLO. Label both tubes with your group’s name. Place
them in the foam tube rack.

Open the tubes and using a sterile transfer
pipet, transfer 250 pl of transformation
solution (CaC1s,).

Place the tubes on ice.

Use a sterile loop to pick up a single colony of bacteria
from your starter plate. Pick up the +pGLO tube and
immerse the loop into the transformation solution

at the bottom of the tube. Spin the loop between

your index finger and thumb until the entire colony

is dispersed in the transformation solution (with

no floating chunks). Place the tube back in the tube
rack in the ice. Using a new sterile loop, repeat for

the -pGLO tube.

Examine the pGLO plasmid DNA solution with the UV
lamp. Note your observations. Immerse a new sterile
loop into the plasmid DNA stock tube. Withdraw a
loopful. There should be a film of plasmid solution
across the ring. This is similar to seeing a soapy

film across a ring for blowing soap bubbles. Mix the
loopful into the cell suspension of the +pGLO tube.
Close the tube and return it to the rack on ice. Also
close the -pGLO tube. Do not add plasmid DNA to the
-pGLO tube. Why not?

Incubate the tubes on ice for 10 minutes. Make
sure to push the tubes all the way down in the
rack so the bottom of the tubes stick out and make
contact with the ice.

While the tubes are sitting on ice, label your four agar
plates on the bottom (not the lid) as follows: Label one
LB/amp plate: +pGLO;

Label the LB/amp/ara plate: +pGLO;

Label the other LB/amp plate: -pGLO;

Label the LB plate: -pGLO.

Transformation
solution

-pGLO
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10.

11.

12.

the (+) pGLO and (-) pGLO tubes into the water bath, set at
42 °C, for exactly 50 seconds. Make sure to push the tubes
all the way down in the rack so the bottom of the tubes
stick out and make contact with the warm water. When
the 50 seconds are done, place both tubes back on ice.

For the best transformation results, the change from the
ice (0°C) to 42°C and then back to the ice must be rapid.
Incubate tubes on ice for 2 minutes.

Remove the rack containing the tubes from the ice and
place on the bench top. Open a tube and, using a new
sterile pipet, add 250 pl of LB nutrient broth to the
tube and reclose it. Repeat with a new sterile pipet for
the other tube. Incubate the tubes for 10 minutes at
room temperature.

Tap the closed tubes with your finger to mix. Using a new
sterile pipet for each tube, pipet 100 pl of the transformation
and control suspensions onto the appropriate plates.

Use a new sterile loop for each plate. Spread the
suspensions evenly around the surface of the agar by
quickly skating the flat surface of a new sterile loop back
and forth across the plate surface.

Stack up your plates and tape them together. Put your
group name and class period on the bottom of the stack
and place the stack upside down in the 37°C incubator
until the next day.

» Research one of the genetic modifications that have been

made to dent corn in the past 30 years. Create a presentation
with data and photographs that explains how this genetic
modification has improved any of the following areas:

+ Yield increase

« Decrease of nutrient requirements for growth

« Increase of insect resistance

» Drought Tolerance

» Resistance to soil pests (nematodes)

« Decrease of herbicide use

» Changes in the nutritional composition (protein,
moisture, starch, etc.)

—

lce 42°C for 50 seconds Ice

*PG1O *PGLO “PGLO “PGLO
LB/ame L8/amplar® {B/ame
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http://www.bio-rad.com/webroot/web/pdf/lse/literature/4006099.pdf
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Rubric for Self-Assessment

Skill

Yes

No

| am able to explain the
function/role of each buffer in
the process of
chromatography.

My group’s predictions about
the effects of each of the
buffers were correct.

We were successful in
isolating and purifying GFP
from the bacterial cells.
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Inoculation: growing cell cultures

1.

DRAFT

Remove the transformation plates from the
incubator and examine using the UV light.
Identify several green colonies that are not
touching other colonies on the LB/amp/

ara plate. Identify several white colonies on
the LB/amp plate.

Obtain two culture tubes containing the growth
media LB/amp/ara. Label one "+" and one "-".
Using a sterile loop, lightly touch the loop to

a green colony and immerse it in the "+" tube.
Using a new sterile loop, repeat for a white
colony and immerse it in the "-" tube (it is very
important to pick only a single colony). Spin the
loop between your index finger and thumb to
disperse the entire colony.

Cap the tubes and place them in the shaking
incubator or on the shaking platform and culture
overnight at 32 °C or 2 days at room temperature.

or

Cap the tubes and shake vigorously by hand.
Place in the incubator horizontally at 32 °C
for 24-48 hours. Remove and shake by hand
periodically when possible.

LB/amp/ara

LB/amp/ara

Option 1

LBfamp

Incubate at 32 °C overnight or
2 days at room temperature
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Purification phase 1: bacterial concentration

1. Label one microtube "+" with your name and class
period. Remove your liquid cultures from the shaker
and observe with the UV light. Note any color
differences between the two cultures. Using a new
pipette, transfer 2 ml of "+" liquid culture into the “+”
microtube. Spin the microtube for 5 minutes in the
centrifuge at maximum speed. The pipette used in this
step can be repeatedly rinsed in a beaker of water and
used for all following steps of this laboratory period.

E c__é_b
2. Pour out the supernatant and observe the pellet

; — ,//1 ==
under UV light. e B0 NM

3. Using a rinsed pipette, add 250 ul of solution to
the tube. Resuspend the pellet thoroughly by rapidly
pipetting up and down several times.

4, Using a rinsed pipette, add 1 drop of
to the resuspended bacterial pellet to initiate
enzymatic digestion of the bacterial cell wall. Mix
the contents gently by flicking the tube. Observe the

tube under the UV light. ;’____F%
|'IIIIII ‘_'_F'__‘\H-\_‘_

/' 9 Freezer

| Iioﬂ_-

o SR ¥

5. Place the microtube in the freezer until the next
laboratory period. The freezing causes the bacteria to
rupture completely.
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Purification phase 2: bacterial lysis

1. Remove the microtube from the freezer and thaw using

hand warmth. Place the tube in the centrifuge and
pellet the insoluble bacterial debris by spinning for 10 Thaw
minutes at maximum speed. )

Centrifuge

2. While your tube is spinning, prepare the
chromatography column. Remove the cap and snap
off the bottom from the prefilled HIC column. Allow
all of the liquid buffer to drain from the column
(~3-5 minutes).

3. Prepare the column by adding 2 ml of
___ to the top of the column. This is done by adding
two 1 ml aliquots with a rinsed pipette. Drain the
buffer to the 1 ml mark on the column. Cap the top and
bottom and store the column at room temperature until
the next laboratory period.

U

4,  After the 10 minute spin, immediately remove your
tube from the centrifuge. Examine the tube with the
UV light. Using a new pipette, transfer 250 ul of the
"+" supernatant into a new microtube labeled "+". =
Again, rinse the pipette well for the rest of the steps of o J
this lab period.

5. Using a well rinsed pitte, transfer 250 ul of
to the "+" supernatant. Place the tube in the _
refrigerator until the next laboratory period. =)
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Equilibration buffer (used in preparation of the column): raises the salt
concentration of the column to match the GFP lysate

Binding buffer: raises the salt concentration of GFP to cause a conformational

change in GFP (change in the tertiary structure of the protein), exposing the
hydrophobic region of GFP

Wash buffer: washes away less hydrophobic, contaminating proteins
from the column

TE (elution) buffer: removes GFP from the column

Collection tube | Prediction Observations under
number uv light (column and
collection tube)

Tube 1
Sample in
binding buffer
Tube 2
Sample with
wash buffer
Tube 3
Sample with
elution buffer

Purification phase 3: protein chromatography

1. Label 3 collection tubes 1-3 and place the tubes in the foam rack or in
a rack supplied in your laboratory. Remove the caps from the top and
bottom of the column and place the column in collection tube 1. When
the last of the buffer has reached the surface of the HIC matrix proceed
to the next step below.

2. Using a new pipette, carefully and gently load 250 ul of the “+”
supernatant onto the top of the column. Hold the pipette tip against the
side of the column wall, just above the upper surface of the matrix and
let the supernatant drip down the side of the column wall. Examine the
column using a UV light. Note your observations. After it stops dripping
transfer the column to collection tube 2.

3. Using the rinsed pipette, add 250 ul o
entire volume flow into the column. Examine the column using the
UV light. Note your observations. After the column stops dripping,
transfer it to tube 3.

4, Using the rinsed pipette, add 750 ul of
volume flow into the column. Examine the column using the UV light.
Note your observations.

5. Examine all three collection tubes and note any differences in color
between the tubes. Parafilm or Saran Wrap the tubes and place in the
refrigerator until the next laboratory period.

DRAFT

and let the

and let the entire

?

oo

D

N
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take for granted today. Teosinte is the most closely related plant to what we call corn or maize
today; it is a tall grass that has wide branching lateral leaves and an ear with only 5-12 kernels
tightly sealed in a hard casing. This plant still grows in southern Mexico.

There are many methods of genetic modification and more are being utilized every day. They
include: selective breeding and hybridization, stacked traits, mutagenesis, transgenesis (transfer
of a gene from one to another of a different species), TALEN, gene silencing and CRISPR. The
most common method of genetic modification up to now, has been transgenesis. Donor genes
have given recipient organisms new traits to add beneficial traits, or protection from disease,
pests, drought, or flood. This activity is a review of some of those transgenic matches.

This activity came from the United Kingdom and has been adapted for this use. Some of the
pairings are for human medical treatment, while some are for animals and crops.

Several of these pairings have been discussed, but not completed (i.e.strawberries with flounder
genes to resist frost have not been released due to consumer perception that the strawberries
may taste “fishy”; tomatoes with PG were the first GMO available to consumers, but are no
longer available; carrots are not GMO in the U.S.; although bananas and potatoes have been
suggested as a method for developing countries to grow and deliver vaccines, that has not
become a reality yet.) On the other hand, fast-growing salmon (AquaBounty) were just approved
in 2018 to be grown at indoor facilities, golden rice was finally approved for use in Bangladesh

in 2019.

Materials
Donor cards
Recipient cards

Prior Knowledge
Students need to know vocabulary related to the donors and recipients (see list below):

protease EPSP synthase

lactoferrin CP4 EPSPS

cystic fibrosis Polygalacturonase (PG)

Leber's congenital amaurosis zucchini yellow mosaic (poty)virus
papaya ringspot virus cucumber mosaic cucumovirus
watermelon mosaic (poty)virus anti-thrombin

chymosin blight

glucosidase antigen

Glyphosate AFGP gene

Students need to be creative. All donors do have matches, however, some may be matched
with more than one. Students should read the information on the backs of their cards, and be
willing to make a match that they think makes sense. Whether correct or not, the match students
make should be justified by evidence or benefit of the potential match, even if it has not been
done in reality.
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Rubric for Self-Assessment

Skill

Yes

No

| found a match and made a
claim about the possibility of
the match.

| provided evidence to back
up the claim.

| was able to discuss the
benefits and risks of the
match.
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Bacillus thuringensis Maize insect resistant crop

Agrobacterium sp. C4 herbicide resistant crop

Bacillus subtilis drought resistant crop

Bacillus thuringensis Cotton insect resistant crop

Agrobacterium sp. C4 herbicide resistant crop

Bacillus thuringensis Soybean insect resistant crop

Agrobacterium sp. C4 herbicide resistant crop

Giant leaf frog Potato disease resistant crop

Hepatitis B virus vaccine production

Human Carrot pharmaceutical product for Gaucher’s
disease patients

Human Rice lactoferrin-containing rice treats
children with diarrhoea

Erwinia uredovora Golden Rice 2 with [-carotene to

Maize prevent vitamin A deficiency

Golden orb weaver spider Goat strong silk fibres for medical
and military uses

Human pharming of anti-thrombin III

Human Sheep pharming of factor IX for
haemophilia B sufferers

Human Mouse mouse cancer models

Jellyfish NeonMice

Human Human gene therapy for recessive genetic
disorders like cystic fibrosis and
Leber’s congenital amaurosis

Jellyfish Zebrafish Glo-Fish™

Cow Escherichia coli GM rennet (chymosin) for
cheese-making

Human insulin for diabetics

Scorpion Cotton insect-resistant crop

Papaya ringspot virus Papaya resistance to PRSV

Ocean pout Salmon antifreezing compounds

Strawberry

Antisense Polygalacturonase (PG) Tomato stops formation of enzyme that breaks

enzyme from tomato down pectin; keeps fresh longer

Zucchini yellow mosaic virus (ZYMV) and | Squash resistance to SMV

watermelon mosaic virus (WMV2)

Delta-12 oleate desaturase enzyme Soybean stops conversion of oleic acid into

silencing from soybean

linoleic acid; health benefit

i P et e rtd
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Bos primigenius
Cattle

Key gene
Cym

Properties of gene product
Chymosin is a protease enzyme that curdles milk

GM use

GM bacteria produce the enzyme which is
purified and used to make cheese. Previously
chymosin was extracted from the stomachs

of calves so cheese made in this way was not
acceptable to vegetarians. 80-90% of the cheese

sold in Britain is made with GM bovine chymosin.

DONOR

Name
Agrobacterium sp
C4 strain

Key gene
C4 EPSPS

Properties of gene product

EPSP synthase performs a crucial metabolic
step in plant chloroplasts. The bacterial
version is undamaged by glyphosate.

GM use

To make crops resistant to glyphosate so it
can be used as a weed killer without harming
the maize, cotton or soya bean crops.

Phyllomedusa bicolor
Giant Leaf Frog

Key gene
DRS B1

Properties of gene product
Bldermaseptin protein kills bacteria and fungi.

GM use
To prevent blight and bacterial
diseases in potato crops.

DONOR

Name
Bacillus thuringensis

Key gene
Cry

Properties of gene product
Crystal protein Kkills caterpillars, maggots
and beetles that eat the protein.

GM use
To make crops such as maize, cotton and
soya bean resistant to herbivorous insects.
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Nephila clavipes
Golden Orb Weaver

Key gene
MaSp

Properties of gene product
High-strength silk fibre for webs.

GM use

Gene is switched on in mammary glands
of GM goats to mass-produce the silk fibre
for artificial tendons and ligaments and
for bullet-proof vests and parachutes.

DONOR

Name
Aequorea Victoria
Jellyfish

Key genes
GFP

Properties of gene products
Green Fluorescent Protein glows under UV light.

GM use

The gene is extensively used as a marker
to reveal which organisms have taken up a
foreign gene and in which tissues the gene
is switched on. Spin-offs include Glo-Fish™
and NeonMice sold as pets in the USA.

Bacillus subtilis

Key gene
cspB

Properties of gene products
Cold shock protein B helps organisms
metabolise normally during abiotic stress.

GM use
To produce higher yields for maize crops and
produce a higher yield under drought conditions.

DONOR

Name
Hepatitis B virus

Key gene
HBsAg

Properties of gene product
Surface antigen of virus stimulates an immune
response in humans if injected or given orally

GM use

GM potatoes eaten raw in small quantities
boost immunity to hepatitis B. This is an
inexpensive and efficient way to deliver
vaccines in developing countries.
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Homo sapiens
Human

Key genes
Normal alleles coding for insulin, lactoferrin,
Factor IX, anti-thrombin IIT and glucosidase.

Properties of gene products

Insulin controls blood glucose concentration.
Lactoferrin is an antimicrobial found in
colostrum and milk.

Factor IX helps blood clot.

Anti-thrombin III stops blood clotting.
Glucosidase in lysosome function.

GM use

Pharmaceutical drugs

Insulin from GM bacteria treats diabetics.
Lactoferrin in GM rice treats diarrhoea in
children. Factor IX from GM sheep’s milk treats
people with haemophilia B.

Anti-thrombin III from GM goats’ milk is used

as an anti-coagulant in surgical procedures.
Glucosidase from GM carrot cells in culture treats
people with Gaucher’s disease.

DONOR

Name
Androctonus australis hector
Scorpion

Key genes
AaHIT1

Properties of gene products
Toxic to insects but not harmful to mammals.

GM use
To kill insects on GM cotton crops.

Homo sapiens
Human

Key genes
Mutated version of BRCA1 and
activated Ras oncogene

Properties of gene products

Cause cancer. The products of the
normal versions of the genes repair DNA
mutations and suppress tumours.

GM use

Creating cancer research models
GM mice engineered to carry the
mutant alleles are used to study
cancer and treatments for cancer.

DONOR

Name
Homo sapiens
Human

Key genes
CFTR
RPE65

Properties of gene products

CFTR protein allows normal mucus
production in lungs and gut.
RPE65 protein is needed in rods
and cones for normal vision.

GM use

Gene therapy

Normal CFTR allele is introduced into lung
epithelial cells of cystic fibrosis patients.

RPEG65 inserted into retinal cells of blind patients
with Leber’s Congenital Amaurosis restored sight.

1§ Feed the World

D RAFT Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.



1§ Feed the World

D RAFT Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.



Zoarces americanus
Ocean Pout

Key genes
Antifreeze glycoproteins or AFGP gene

Properties of gene products
Permit survival in subzero environments

GM use

The promoter for the antifreeze protein
gene is used in conjunction with the growth
hormone taken from a Chinook salmon,
which leads to a higher concentration of the
growth hormone in the blood, causing the
genetically modified salmon to grow much
more rapidly than it would naturally.

DONOR

Name
Agrobacterium tumefaciens

Key genes
CaMV 35S

Properties of gene products

Code for the coat protein (CP) encoding sequences
from zucchini yellow mosaic virus (ZYMV)

and the watermelon mosaic virus (WMV2).

GM use
Provides protection against these viruses.

Coat protein (CP) of Papaya Ringspot
Virus (PRSV)

Key genes
PRSV HA 5-1

Properties of gene products
Provide resistance to PRSV

GM use
Confer resistance to PRSV

DONOR

Name
Polygalacturonase (PG)

Properties of gene products

Antisense DNA Keeps Polygalacturonase
(PG), the major cell wall degrading
enzyme of tomato fruit, from forming.

GM use
By inhibiting the development of PG,
the fruit should stay fresher longer.
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Delta-12 oleate desaturase

Key genes
gm-fad2-1; FAD2-1

Properties of gene products

An antisense RNA strand is created to
silence the formation of the enzyme that
converts oleic acid into linoleic acid using
the omega-6 desaturase encoding gene.

GM use
Inhibits conversion of oleic acid to linoleic acid,
keeps oleic acid levels high for healthier oil.

RECIPIENT

Name
Gossypium hirsutum
Cotton

Suitability as a GM recipient
Important crop for textile fibres but
many insect pests attack it and the
crop must be kept free of weeds.

Agrobacterium tumefaciens

Key genes
CP4 EPSPS (5-enolpyruvylshikimate-3-
phosphate synthase) encoding gene.

GM use
Inhibits action of glyphosate, the key
ingredient in RoundUp (Monsanto).

RECIPIENT

Name
Zea mays
Maize or Sweetcorn

Suitability as a GM recipient

Major food source for animals and humans
and as a source of starch and sugars for
processed food. Many insects attack the
crop, its yield falls in drought conditions
and the crop must be kept free of weeds.
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Solanum tuberosum
Potato

Suitability as a GM recipient

Major carbohydrate food source in Europe and
America. Potatoes are easy to grow and can
give high yields but suffer from many diseases
such as blight, which lower yields. They can be
engineered to make vaccines but these must
be grown under cover to prevent gene flow to
other potatoes and to stop antigenic potatoes
accidentally entering the human food chain.

RECIPIENT

Name
Oryza sativa
Rice

Suitability as a GM recipient

Major food source in Asia and a suitable vehicle
for therapies like treating children with diarrhea
(rice enhanced with human lactoferrin) and
preventing vitamin A deficiency (genes from
maize or daffodil and a soil bacterium).

Glycine max
Soybean

Suitability as a GM recipient

Major food source for animals and for
humans as a source of protein in processed
food. Many insects attack the crop and

the crop must be kept free of weeds.

RECIPIENT

Name
Daucus carota
Carrot

Suitability as a GM recipient

Field-grown crops generally have been
found to be unsafe to use as vehicles for
production of pharmaceutical drugs, but
carrot cells grown in culture in bioreactors
are a new ‘expression platform’ for human
proteins that can be used as medical drugs.
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Ovis aries
Sheep

Suitability as a GM recipient

Female sheep produce plenty of milk.

A gene for a pharmaceutical protein is linked
to a promoter to switch the gene on in the
mammary glands, so that the protein appears
in the milk. Sheep have been used to make
factor IX to treat sufferers of haemophilia B.

RECIPIENT

Name
Homo sapiens
Human

Suitability as a GM recipient

People suffering from genetic diseases caused

by two recessive non-functional alleles can

be treated with gene therapy. The dominant
functional allele is inserted into affected somatic
cells. Trials have included treatment of cystic
fibrosis and Leber’s congenital amaurosis. The
limitation on treating a human with another
human allele is whether the cells that need the
foreign DNA are accessible (e.g. lung epithelium)
and stable (not replaced every few days).

Capra aegagrus hircus
Goat

Suitability as a GM recipient

Female goats produce plenty of milk.

A gene is linked to a promoter to switch the
gene on in the mammary glands, so that the
protein product appears in the milk. So-called
‘spider-goats’ produce silk in their milk for
medical and military applications. Other GM
goats produce a drug, human anti-thrombin III,
used as an anticoagulant in surgery.

RECIPIENT

Name
Mus musculus
Mouse

Suitability as a GM recipient

It is a genetic model organism with a well-known,
fully-sequenced genome. As a mammal its
genome is very similar to that of humans. Mice
are small so are cheap to feed and house. Many
GM techniques applicable to humans or farm
mammals are first tried on mice. Fluorescent

GM NeonMice are sold as pets in the USA.
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Escherichia coli

Suitability as a GM recipient

GM bacteria divide rapidly in a fermenter

to produce proteins like human insulin and
bovine chymosin for cheese-making.

E. coli is a genetic model organism with a
well- known, fully-sequenced genome. Its
plasmids are widely used as vectors. However,
some strains of E. coli are pathogenic and the
GM process may involve inserting antibiotic
resistance genes into the bacteria.

RECIPIENT

Name
Salmo salar
Salmon

Suitability as a GM recipient

Wild salmon disappeared from many
rivers during the twentieth century due
to overfishing and habitat change.

Rerio danio
Zebrafish

Suitability as a GM recipient

It is a genetic model organism with a well-
known, fully-sequenced genome. It is a
useful, simple vertebrate for research.

GM zecubrafish expressing genes for
fluorescent proteins are on sale in the pet
trade in the USA marketed as Glo-Fish™.

RECIPIENT

Name
Carica papaya
Papaya

Suitability as a GM recipient

The papaya is cultivated in most tropical
countries. However, it is susceptible

to the Papaya Ringspot Virus (PRSV).
Since 1992, PRSV has destroyed nearly
all non-GMO papaya in Hawaii.
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Solanum lycopersicum
Tomato

Suitability as a GM recipient

Tomatoes are picked as green fruits and
artificially ripened by ethylene treatment,
which gives a ripe tomato color but not
the full vine-ripened tomato flavor.

RECIPIENT

Name
Glycine max
Soybean

Suitability as a GM recipient

Soybean oil is hydrogenated as a
preservative to extend shelf life. High oleic
oil does not need to be hydrogenated.

Fragaria x ananassa
Strawberry

Suitability as a GM recipient

Strawberries grow in temperate climate

regions which are capable of having

low temperatures and frost.

Spring frosts cause damage to the flowers of the
plant leading to poor yields and erratic fruiting.
Frost on average causes millions of

dollars in damages and drives up the

price of the fruit for the consumer.

RECIPIENT

Name
Cucurbita pepo
Summer squash

Suitability as a GM recipient

Viral diseases are a limiting factor to squash
production, particularly during summer
and fall months. Mosaic viruses include

the cucumber mosaic cucumovirus (CMV),
zucchini yellow mosaic potyvirus (ZYMV)
and watermelon mosaic potyvirus (WMV2).
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Glycine max
Soybean

Suitability as a GM recipient

Soybeans chief rivals in the field are weeds.
If the plant can resist herbicide spraying,
the control of weeds is much easier.
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Bacillus thuringensis Maize insect resistant crop

Agrobacterium sp. C4 herbicide resistant crop

Bacillus subtilis drought resistant crop

Bacillus thuringensis Cotton insect resistant crop

Agrobacterium sp. C4 herbicide resistant crop

Bacillus thuringensis Soybean insect resistant crop

Agrobacterium sp. C4 herbicide resistant crop

Giant leaf frog Potato disease resistant crop

Hepatitis B virus vaccine production

Human Carrot pharmaceutical product for Gaucher’s
disease patients

Human Rice lactoferrin-containing rice treats
children with diarrhoea

Erwinia uredovora Golden Rice 2 with [-carotene to

Maize prevent vitamin A deficiency

Golden orb weaver spider Goat strong silk fibres for medical
and military uses

Human pharming of anti-thrombin III

Human Sheep pharming of factor IX for
haemophilia B sufferers

Human Mouse mouse cancer models

Jellyfish NeonMice

Human Human gene therapy for recessive genetic
disorders like cystic fibrosis and
Leber’s congenital amaurosis

Jellyfish Zebrafish Glo-Fish™

Cow Escherichia coli GM rennet (chymosin) for
cheese-making

Human insulin for diabetics

Scorpion Cotton insect-resistant crop

Papaya ringspot virus Papaya resistance to PRSV

Ocean pout Salmon antifreezing compounds

Strawberry

Antisense Polygalacturonase (PG) Tomato stops formation of enzyme that breaks

enzyme from tomato down pectin; keeps fresh longer

Zucchini yellow mosaic virus (ZYMV) and | Squash resistance to SMV

watermelon mosaic virus (WMV2)

Delta-12 oleate desaturase enzyme Soybean stops conversion of oleic acid into

silencing from soybean

linoleic acid; health benefit
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