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Introduction:  
 
The focus of this module is how GMOs are related to climate change. GMOs have an 

extremely wide range of applications, many of which could be used to reduce the 

negative effect of humans on the global climate. Students will get lots of exposure with 

this topic throughout the lessons and hands on experience with specific plant defense 

GMOs through the experiment. Students will also explore how to apply biotechnology to 

expedite or facilitate genetic research and the study of GMOs. Another goal of this 

lesson is to dispel some controversy and illegitimate information surrounding GMOs and 

make students effective science communicators. In science, evidence is key, and 

students will practice developing claims with supporting evidence. In order to promote 

social learning and conversation, the teacher should promote discussion throughout the 

unit. 
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NGSS:   

HS-LS2-6 Evaluate the claims, evidence, and reasoning that the complex interactions in 
ecosystems maintain relatively consistent numbers and types of organisms in stable 
conditions, but changing conditions may result in a new ecosystem. [Clarification Statement: 

Examples of changes in ecosystem conditions could include modest biological or physical changes, such 
as moderate hunting or a seasonal flood; and extreme changes, such as volcanic eruption or sea level rise.] 
 
HS-LS4-5 Evaluate the evidence supporting claims that changes in environmental 
conditions may result in (1) increases in the number of individuals of some species, (2) 
the emergence of new species over time, and (3) the extinction of other species. 
[Clarification Statement: Emphasis is on determining cause and effect relationships for how changes to the 
environment such as deforestation, pest outbreaks, fishing, application of fertilizers, drought, flood, and the 
rate of change of the environment affect distribution or disappearance of traits in species.]  
 
HS-LS2-7 Design, evaluate, and refine a solution for reducing the impacts of human 
activities on the environment and biodiversity. [Clarification Statement: Examples of human 

activities can include urbanization, building dams, and dissemination of invasive species.] 
 

 

Blue: Practice 

Green: CCC 

Orange: DCI 
 

LEARNING OBJECTIVES/GOALS: 

 

1.    Students will use their understanding of how biotechnology is a useful 

resource for genetic research and how biotechnology continues to revolutionize 

the study of GMOs.  

2.    Students will determine why some sources of scientific information lead to a 

misinformed public and how to better communicate scientific information. 

3.    Students will design and support claims about the effects of GMOs related 

to the continuing change in the global climate. 

 

 

MODULE OVERVIEW: 
This module is estimated to take 5 90-minute periods. This module is suggested toward 
the end of your genetics unit.  
NOTE: 1 day is considered a 90-minute class period. Days are NOT consecutive (e.g. 
block scheduling every other day is ideal for this module. Monday is Day 1, Wednesday 
is Day 2, Friday is Day 3, etc.) 
Day 1: Introduction and Experiment Set-up 
Day 2: GMO Discussion  
Day 3: GMO Discussion Continued 
Day 4: Data Collection and Analysis 
Day 5: Biotechnology 
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MATERIALS AND ADVANCE PREPARATION: 

 Insect eggs (Trichoplusia ni) 
o From Benzon Research  you typically have to order 1,000 eggs at a 

time and ship them overnight.   
 Insect food  

o  (other carriers for insect diet may be found on internet) 
 

 Insect feeding cages 
 Soil 

o Can be purchased online or purchase from a home improvement 
store.  

 Plant pots  
 Scissors  
 Spatula  
 PPE 

o Safety goggles, heat insulated gloves  
 Weighing scale  
 Hot plate or stove 
 Magnetic stir rod or spoon 
 Freezer (for storage of powdered insect diet)  
 Petri plates/mold/plate (for insect food) 
 Water 
 Parafilm/ziploc bags 
 Measuring glass/beaker  
 Petri dish 
 Paper towel/kimwipe  
 Foil  

 

ADVANCE PREPARATION 
One month before class: 
The model plant Arabidopsis thaliana takes about one month to grow leaves with 
sufficient size for the insect assay. Be sure to grow enough plants for the whole class 
(instructions below). By incubating the seeds in water at 4 degrees Celsius for several 
days, it increases germination rates and helps synchronize germination of the seeds 
(optional). When planting Arabidopsis Thaliana, you only need to place the seed on top 
of the soil. It is important to not overwater the plant or let the soil get dry to prevent 
stress in the plant. The soil must be kept moist, but not overly wet. Water once a week 
or every 4-5 days as needed.  
 
 
Number of plants to grow (for one class): 
The classroom will be divided into 3 groups. Each group needs 2 replicates of each of 
the 4 genotypes for each of the two experiments (insect resistance and drought 
resistance). This makes for a total of 48 plants. Plan on only 1 out of every 5 plants 
surviving. This means you will need to sew a total of 240 seeds, 60 of each genotype. 
 
 

http://www.benzonresearch.com/
http://www.insectrearing.com/products/indiets.html


4 

Preparing insect cages: 
Prepare 24 Insect cages by cutting a hole in the top of a plastic cup or water 
bottle(whatever fits best on the top of your plant pots) and glue a piece of mesh over the 
hole ensuring there are no gaps. (See insect cage picture below). The easiest way to 
make holes in the cups is by finding a tubular metal object and heating one end with a 
Bunsen burner while you grasp it from the other end using a clamp. You can use this 
method to melt a perfect hole in each cup. Alternatively you can use scissors but it will 
be a longer process. 

 
 

SAFETY 
•    Genetically modified plants should not be released into the environment so they 
don’t spread. The materials you are using are not of concern because they are a sterile 
mutant.  
•    The plant seeds and insect eggs are for scientific use only. It is important to not plant 
the seeds outside of the lab or release the insects so that you do not disrupt the local 
ecosystem.  
•    Liquid nitrogen is suggested to euthanize the insects used in the lab. Be careful 
while handling and working with liquid nitrogen. Make sure to use proper personal 
safety equipment, such as goggles and heat insulated gloves.  
 

CURRICULUM  

1. Introduction: Powerpoint/video   (25-30 mins) 
2. GMO 
3. Backside biotechnology 

 

 
 
STANDARDS/QUALITY INDICATORS/SKILLS  

1. HS-LS2.C: Ecosystem Dynamics, Functioning, and Resilience a. Anthropogenic 

changes (induced by human activity) in the environment—including habitat destruction, 

pollution, introduction of invasive species, overexploitation, and climate change—can 

disrupt an ecosystem and threaten the survival of some species 

       2.   HS-LS2.A:  Interdependent Relationships in Ecosystems a. Ecosystems have carrying 

capacities, which are limits to the numbers of organisms and populations they can support. These 

limits result from such factors as the availability of living and nonliving resources and from such 

challenges such as predation, competition, and disease. Organisms would have the capacity to 

produce populations of great size were it not for the fact that environments and resources are 

finite. This fundamental tension affects the abundance (number of individuals) of species in any 

given ecosystem.  

http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=18&detailid=121
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=18&detailid=121
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=18&detailid=121
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=18&detailid=121
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=18&detailid=121
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=18&detailid=121
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=18&detailid=121
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        3.      LS4.C:  Adaptation a. Evolution is a consequence of the interaction of four factors: (1) 

the potential for a species to increase in number, (2) the genetic variation of individuals in a 

species due to mutation and sexual reproduction, (3) competition for an environment’s limited 

supply of the resources that individuals need in order to survive and reproduce, and (4) the 

ensuing proliferation of those organisms that are better able to survive and reproduce in that 

environment. 

Learning Objectives/Goals: 

 Students will be introduced to prevailing world issues that present real 
scientific problems  

 Students will be asked to complete a pre/post assessment to gauge their 
understanding before the module and at the end of the module. This metric 
can be employed to not only track changes in knowledge but also in 
opinions about topics related to genetically modified organisms   

  
This introduction section serves to provide an opening material to the instructor 
to transition from previous genetic lessons into GMO topics and biotechnology. 
The instructor will present emerging world issues with the intention of having 
students consider applications of these technologies to solve world issues and 
secondary to stimulate interest in the field of science as a career option. In 
addition, this lesson seeks to provide a basis to make informed decisions about 
current issues in science and technology that affect the global community. The 
central issues driving the field include the projected increase in world population 
and the pace of environmental change. Among many, these issues include 
improving food production in both yield and nutrient value, alternatives to our 
reliance on fossil fuels, and strategies to curtail and adapt to the rapidly 
changing environment. Through genetic modification we can realize gains in 
crop yields, reduced dependency on pesticides, drought and flood resistant 
species and other gains in food production to feed the growing population of the 
world. Another issue than can be addressed through genetic modification, is to 
reduce the dependency on fossil fuels by increasing the seed oil content in 
plants to produce biofuel.  

 

 

Resources and Materials: Visual presentation with embedded Ted talk video 
(suggested view in powerpoint not google slides) 
 
Pre/Post Assessment: Worksheet with KWL Chart 
 

 

 

 

 

 

 

 

 

http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=26&detailid=139
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=26&detailid=139
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=26&detailid=139
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=26&detailid=139
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=26&detailid=139
http://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=26&detailid=139
https://drive.google.com/file/d/1aP4RfJM69KKVuH2CostfCM2GSYOv5OV1/view?usp=sharing
https://drive.google.com/file/d/1aP4RfJM69KKVuH2CostfCM2GSYOv5OV1/view?usp=sharing
https://drive.google.com/file/d/1LOcn1qQIu0uPRLcBMFgEBgBKCb8MWxxs/view?usp=sharing
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2. GMOS  

Standards/Quality Indicators/Skills 
1. HS-LS2.C: Ecosystem Dynamics, Functioning, and Resilience 

a. Anthropogenic changes (induced by human activity) in the environment—including habitat 
destruction, pollution, introduction of invasive species, overexploitation, and climate change—can 
disrupt an ecosystem and threaten the survival of some species. 
2. HS-LS4.D: Biodiversity and Humans 
a. Humans depend on the living world for the resources and other benefits provided by biodiversity. 
But human activity is also having adverse impacts on biodiversity through overpopulation, overexploitation, 
habitat destruction, pollution, introduction of invasive species, and climate change. Thus sustaining 
biodiversity so that ecosystem functioning and productivity are maintained is essential to supporting and 
enhancing life on Earth. Sustaining biodiversity also aids humanity by preserving landscapes of recreational 
or inspirational value. 

 
 
 
Learning Objectives/Goals: 

1. Learning Target/Objective(s): 
a. Students will understand the possible implications of specific facets of GMOs. 
b. Students will discuss the pros and cons of GMOs as a solution to humans’ effect on the 
environment. 
c. Students will analyze sources of scientific information to determine their credibility. 

2. Learning Outcomes 
Students will have the knowledge and understanding necessary discuss the science and 
implications of GMOs and their sources of information.  

 
 
Assessment (Types of assessments throughout lesson): 

1. Before: Included is a printable KWL chart to distribute at the beginning of the lesson to 
determine students’ understanding of the topic and their interests for learning. The 
students should fill out the K and W sections before proceeding with the lesson. 

2. During: Each discussion period will act as an informal assessment period. The instructor 
can ask specific questions or encourage targeted discussion to ensure that the learning 
goals are being met. 

3. After: The students then complete the L section of the KWL chart. This acts as a 
comprehension check and should be completed at the end of the lesson.  

 
 
 
Lesson Structure and Procedures: 
1st 90 Minute Class Period 

 Engagement/Opening (15-20 minutes) - The instructor will ask the class what parts of 

human interaction with the environment are detrimental. Answers should be concise, 
such as, global warming, overpopulation, overconsumption, burning fossil fuels, 
pollution, etc. Students can write their answers on slips of paper, on the board, or any 
quick method the instructor prefers.  
 

 Also, Poll Everywhere (https://www.polleverywhere.com) can be used on the student’s 
cell phones or computers. After the answers are collected the instructor will read them to 
the class. The students should be given an opportunity to explain why the answer is 
detrimental to the environment. If the students leave out an important answer the 

https://www.polleverywhere.com/
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instructor can pose this answer themselves. After this discussion is finished, the 
instructor should hand out the KWL charts (provided in this module) and ask the 
students to fill out the K and W sections. These charts are for the students to track their 
own learning and for the instructor to look at later. After the charts have been completed, 
the instructor should connect all of these problems through GMOs. The instructor should 
not say anything other than GMOs can solve all of these problems and defining GMO as 
to not detract from the individual research the students will do later in the lesson.  

 

 GMO Exploration (70-75 minutes) - Immediately after presenting the idea of GMOs to 

the students the students will be broken into groups of 3-5 and given a specific topic 
within GMOs to research. Suggested topics include: herbicide tolerance, insect and virus 
resistance, altered fatty acid composition, oral vaccines, vitamin enrichment, faster 
maturation, transgenic animals in medical research, bioremediation, and carbon 
sequestration. The groups will be given time to research their topic. They should be 
finding information like, what the topic is, the application of the topic and the pros and 
cons of the topic. After the research period each group will present their findings. The 
goal of the GMO exploration is social learning.  

 
 
2nd 90 Minute Class Period 

 GMO Debate (20-25 minutes) - At this point, the students should have an opinion on 
whether or not GMOs should or should not be implemented. An even split could be 
helpful, so that each side will have equal footing, but as long as there are some students 
on both sides the activity will still work. You might wish to assign students to a side to 
have them work on taking different perspectives. The students should be separated 
based on their opinions/perspectives so they can complete research as a group. 
Students should be looking for very specific points and evidence (articles or scientific 
journals) to support their belief. After the research period, the class will come together 
and each side will present their argument. Next, the instructor should allow the students 
to challenge any point from the other side. Their rebuttals should be well researched and 
with evidence so students may need some time to formulate their challenges. It is 
important to keep the discussion civil as the point of the activity is social learning, not 
heated debate. The instructor should clarify any confusion or misconceptions that arise 
so the students are not learning incorrect information from each other. Just like the GMO 
Exploration, the goal is social learning.  

 
Source Evaluation (20-25 minutes) –  

 Because GMOs are new and controversial, many sources of information might not be 
credible. It is important to teach students how to identify credible sources to make them 
effective science communicators. The instructor will lead the discussion by presenting 
varying sources on GMOs and explain what they do wrong or well when delivering 
information. As the discussion continues, the students will pick up on the ideas and the 
instructor should let the students identify what they think is good or bad about a source. 
Sources for this activity are provided in this module and it may help to give the students 
the link to the sources so they can read along with the instructor during the discussion.  

 Areas of discussion in determining credible sources can include peer review process, 
journalistic integrity, and media objectivity. Go through an evaluation of a ‘fake news’ 
source (with no listed affiliations or contact pages, mimic of mainstream sites, use of 
stock photos, sensational headlines, advertisements meant to look like news articles, 
non-peer reviewed studies as supporting evidence for claims of article, use of satire, 
violations of media objectivity by providing misleading definitions, imbalanced reporting, 
opinions mislabeled as news, missing necessary context, choosing to omit information, 
using facts to draw false conclusions, lack of transparency)  and a reputable source 
(displays journalistic standards of reporting, distinction between types of articles). Some 
examples can be found at this site and a visual aid for this discussion can be found here. 
Anti-gmo articles for discussion can be found here and here. A NYT article and 

http://guides.library.cornell.edu/c.php?g=620317&p=5888376)
https://uscupstate.libguides.com/c.php?g=617602&p=4296879
https://responsibletechnology.org/10-reasons-to-avoid-gmos/
https://www.nongmoproject.org/gmo-facts/
https://www.nytimes.com/2018/04/23/well/eat/are-gmo-foods-safe.html?rref=collection%2Ftimestopic%2FGenetically%20Modified%20Food&action=click&contentCollection=timestopics&region=stream&module=stream_unit&version=latest&contentPlacement=1&pgtype=collection
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Washington Post article discussing GMOs. An article discussing rhetoric can be found 
here. If possible, use students’ sources from the debate for this discussion.  

 Conclusion (10 minutes) - The students will fill out the L section of their KWL charts. 

The instructor can ask some students to share their entire charts or simply have the 
students turn them in.   

 
Instructional Strategies:  

1. The instructor will steer discussions with specific questions or targeted explanations in 
order to meet the learning goals. Throughout the research period of the activities the 
instructor will be walking around the class meeting with each group to check on their 
findings; this ensures the group is staying on topic and that the information they are 
finding is credible and relevant.  

Engagement/Opening: The opening acts as an assessment of the students’ knowledge of 
GMOs prior to the lesson. It also engages each individual student.  
Activity Procedures: Students are given inquiry and social based learning. The instructor will 
guide them with targeted questions or missing information to ensure the learning goals are met.  
Individual Work: The KWL charts and research periods will facilitate the inquiry based learning 
aided by the instructor's guidance.   
Conclusion: Completion of the L section of the KWL chart and possible discussion will solidify 
the information presented in the lesson. 

Learning Activities:  
    Students will understand the impact of humans on the global ecosystem related to climate 
change/global warming. They will be led through either a GMO debate or GMO exploration that 
engages every student and allows for some individualized learning. It will help students 
determine what they believe is important, relevant and credible information without the teacher 
telling them the answer. Either research activity will give the students a background in the basics 
of GMOs and enhance their skills in presenting scientific information. Students will also be able 
to determine the effect of presenting scientific information in different ways.  
Resources: 
Terms list  
 
Technology: 
    Students will need access to a computer in order to do GMO research for either activity. Other 
necessary supplies are a white board/large paper for group discussion, and a projector or smart 
board for source evaluation with the instructor.  
 
Differentiated/Accommodations/Modifications/Increase in Rigor: 
    Students can be grouped strategically based on cultural, language, personality, or learning 
impairment barriers. For example, if a student is uncomfortable speaking because of language 
barriers than they can be paired with a friend they feel comfortable speaking with.  
    Additionally, if a student requires reader or writer for any barrier an assistant could be 
assigned to aid them throughout the lesson. 
    The instructor can get struggling students familiar with the material ahead of time with 
resources such as important term/idea sheets (provided). Specifically tailored for each activity, 
the instructor can pre-prepare an example of an argument or point of information in order to 
dispel confusion surrounding the activity. 
 
Classroom Management: 
    Students should be engaged with the class for every discussion period. The instructor is there 
to lead discussions and will help keep everyone focused. 
    During research periods for the activities the teacher is walking around the class and meeting 
with each group. The teacher may also use it as an informal assessment of what help is needed 
as they find relevant and credible information.  

 

https://www.washingtonpost.com/opinions/avoiding-gmos-isnt-just-anti-science-its-immoral/2017/12/27/fc773022-ea83-11e7-b698-91d4e35920a3_story.html?noredirect=on&utm_term=.223abbec9d9b
http://www.slate.com/articles/health_and_science/science/2015/07/are_gmos_safe_yes_the_case_against_them_is_full_of_fraud_lies_and_errors.html
https://docs.google.com/document/d/1Sc4PDXPZLlLiMl4gdtWt97E6Tw__b4qt1rIfgeiyWTw/edit?usp=sharing
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Extensions: 
    If at any point the instructor feels the class is ahead of schedule, they can extend the length of 
discussion periods. One main goal of a discussion based module is to grow communication 
skills, especially communicating scientific information. Increased discussion times will only help 
achieve this goal through social learning. 

 
Follow up to today’s lesson: 
    Students will be asked to recall one interesting piece of information previously discussed. This 

can be organized any way the instructor prefers. Suggested methods: the students raise their 
hands and tell the class their answer, the students write their answers on slips of paper and the 
slips are collected, the students write their answer on the board for the class to see. This activity 
can be done at the end of the period the lesson was presented, the beginning of the next class 
period, or anywhere throughout the rest of the unit.  
 

3. BACKSIDE- BIOTECHNOLOGY GMOS  (Total Time for Lesson: 90 min) 
Standards/Quality Indicators/Skills 

2. HS-LS4.C Adaption a. Evolution is a consequence of the interaction of four factors: (1) the 

potential for a species to increase in number, (2) the genetic variation of individuals in a species 
due to mutation and sexual reproduction, (3) competition for an environment’s limited supply of the 
resources that individuals need in order to survive and reproduce, and (4) the ensuing proliferation 
of those organisms that are better able to survive and reproduce in that environment. 

A. HS-ETS1.A Defining and Delimiting Engineering Problems 
 . Humanity faces major global challenges today, such as the need for supplies of clean water and 

food or for energy sources that minimize pollution, which can be addressed through 
engineering.  These global challenges also may have manifestations in local communities. 

B. HS-LS1-3.A Structure and Function 
a. Feedback mechanisms maintain a living system’s internal conditions within 
certain limits and mediate behaviors, allowing it to remain alive and functional even as 
external conditions change within some range. Feedback mechanisms can encourage 
(through positive feedback) or discourage (negative feedback) what is going on inside the 
living system. 

Lesson Objectives/Goals 
 Students will discuss how biotechnology and genetic modifications are 

connected with one another. 

 Students will be able to understand the major components of a plasmid and its 
role in genetic modification. The students will be able to understand the 
concepts of digesting the plasmid DNA and inserting the gene of interest into the 
newly digested vector. 

 Students will be able to think of ways of using biotechnological advances to 
solve a real world scenario at the end of the assessment. 

 Students will be able to draw conclusions on how organisms (like bacteria) can 
alter their environment to create a positive or a negative situation that the 
organism will adapt too. 

 Outcomes: Students will have the knowledge and understanding of 
biotechnologies and how they are used in relation to the needs of society. 

 Students will be able to understand the technology used in Genetically Modifying 
Organisms. 

 Students will be able to critically think about using one of these important 
technological concepts in the laboratory part of the module. 
 

Assessments 
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At the end of the lesson, it is imperative that the students will know these complex and 
important technologies that are used in Genetic Modification and in other types of 
laboratory settings. Quizzes, Tests, Kahoots or other testing ways the teacher can think 
of for not only assessing the students’ knowledge of the topics, but applying their 
knowledge to real-world research or experimental areas. 
 
Lesson Structure and Procedure 
90 minute class period 
Opening: (10-15 minutes) Instruction will begin with a discussion on what was taught 
in class the day before.  The students will be able to ask any lingering questions 
regarding GMOs.  From this discussion, instruction should start making its way towards 
new material.   

 

Lecture Summary: (40-45 minutes) (Notes: Before the day of the lesson, instructor 
may review all the speaker notes that are included in the Powerpoint. The teacher might 
focus their aim towards teaching the letters b and f while incorporating the topics c-e at 
the appropriate times.)  Instructor should transition the discussion and start the 
powerpoint presentation.  Ask the students what they believe biotechnology is and 
prompt them to write down their ideas.  After about 5 minutes, open the floor up for 
discussion on biotechnology definition and refer to the powerpoint slides.  Give the 
definition of biotechnology and discuss some of the different types that are used.  While 
going over this information, it is important to clarify there the lesson is going into more 
depth on only a few of these biotechnologies: DNA transformations, CRISPR-CAS9, 
and Natural Biotechnology. In the DNA transformation section, there will be a 
demonstration on the structural makeup of plasmids and how they are relevant in 
Genetically Modifying the model plant Arabidopsis thaliana. For the CRISPR-CAS9 
section, there is a handout to be printed out and given to the students after the slide on 
the topic is presented. A discussion to answer students’ questions on the topic will be 
useful next.  With the other three types: PCR, RFLP, and radiation, the instructor may 
present these topics with their own resources or the ones provided.  
 

Lecture Structure 
The Introduction and what is Biotechnology (Slides #1 and #2)  

i.Present the introductory slide with your own opening remarks. On slide 2 first ask the 
students what their definition on what Biotechnology is. (Allow 3-5 minutes to come up 
with their definition, then discuss the definition that the class comes uo with. Once 
completed reveal the official definition.) 

ii.Biotech definition from 2112: (The office of Technology Assessment of the U.S. 
Congress defines biotechnology as "any technique that uses living organisms or 
their products to make or modify a product, to improve plants or animals, or to 
develop microorganisms for specific uses.”)   

 
Transformation and CRISPR 

iii.Define what transformation and CRISPR are.  Explain any similarities or differences 
between the two.  What are possible benefits of using these technologies?  

iv.The transformation slides will discuss the use of Plasmid DNA and Agrobacterium to 
Genetically Modify plants. When the gene of interest has been inserted in the Plasmid 
and replicated inside the bacterial cell, the Arabidopsis plant was dipped a solution 
containing the bacteria. The bacteria attach themselves to the pollen of the plant and 
transmit the Plasmid DNA to the plants genome. (Note: Genetic modification is only 
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successful when the entire gene of interest has been transmitted into the genome 
properly.) 

v.List different process of Genetically Modifying the DNA.  
(Note: letters C-E will not be included on the slides, just make sure to allow a maximum 
of 15 minutes to discuss each of those processes.) 

 
Polymerase Chain Reaction (Mentioned in Slide #3)   

vi.Polymerase Chain reaction (PCR) is a process of replicating/amplifying a segment of 
DNA. The three main steps are 1) Denaturation 2) Annealing and 3) Extension. The 
major components used are DNA taq polymerase, nucleosides, DI water, the gene/DNA 
of interest, and specific primers that allow for the binding in the Plasmid. 

vii.The instructor needs to make sure the students understand that the reagents are all in 
one tube and being run by a PCR thermocycler machine. The PCR machine regulates 
the temperature from 95 ℃ during denaturation, 65 ℃ in the annealing step, and 72 ℃ 
in the Extension step. The students might ask why the temperatures are adjusted for 
each steps. At the Denaturation step, it requires a high temperature to break the 
hydrogen bonds between the base pairs in DNA. The annealing step requires a lower 
temperature for the primers to bind to the restriction sites, and the extension step is at 
72℃ because it is the optimal temperature for the function of the DNA taq Polymerase 
enzyme. 

viii.Use resource provided to explain what PCR is and how it is used in a laboratory in the 
Genetic Modification process 

ix.Possible Resource to use 
     

 
Restriction Fragment Length Polymorphism (Mentioned in Slide #3) 

x.Present information about this topic to students with the intent of explaining what RFLP 
is, its functions, and its use in genetic modification. 

xi.RFLP is used in Genetic Modification practices, but also has many uses in 
Forensics/Criminal Investigations. 
Possible Resource to use 

 
Plasmids (Mentioned in Slides #3 and #5) 

xiii.Plasmids are circular, double stranded DNA that consists of four base pairs: Adenine, 
Guanine, Cytosine, Thymine. The three major components of a Plasmid are the Origin 
of Replication, a Multiple Cloning Site held between two restriction sites, and an 
antibiotic resistant cassette. Plasmids are found in the cytoplasm of the bacterial cell 
and can be transmitted from one bacterial cell to another. 

xiv.Present students with information on this topic.  Allow time for group discussion on how 
it is used and for what purposes.  Specifically how plasmids are used in genetic 
modifications. 
 
Activity: Plasmid and Transformation video (12 minutes): On slide #5 of the 
presentation, play the Plasmid demonstration. This demonstration will go over the parts 
of the plasmid/vector and how it is used in genetic engineering.  

xv.The main use for Plasmids in genetically modifying the plant is to digest the plasmid 
with restriction enzymes to cut a gene out of the Multiple Cloning Site. At that point, a 
gene of interest can be ligated into the plasmid between the two restriction sites using 
DNA Ligase and primers that are specifically designed for the insertion site. Once the 
new gene of interest has been inserted, the plasmids will be transmitted back into the 

https://www.youtube.com/watch?v=iQsu3Kz9NYo
https://www.ncbi.nlm.nih.gov/probe/docs/techrflp/
https://www.youtube.com/watch?v=cXSGzWyt0aU&feature=youtu.be
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Agrobacterium for DNA replication. The Arabidopsis model will then be dipped in the 
solution to transform the plasmid DNA into the plants genome. 

xvi.The instructions on how to do the plasmid activity will be available in the Extension if the 
students would like to do the activity.  It is recommended to have students complete the 
activity in order to understand the material especially if they do not fully grasp the 
concepts of plasmid.  
 
Natural Biotechnology/Knockout Mutant (Slide #9) 

xviii.Genetically Modified Organisms have been designed for over 2,000 years. Cross-
breeding between plants was/is one of the most common and simplest ways to 
Genetically Modify an Organism. 

xix.In modern times, researchers use selective breeding strategies to either wean out 
unwanted traits or to enhance a certain trait created by a new genotype. 

xx.The instructor might wish to present their ideas/thoughts on selective breeding while 
supplementing with additional examples after the slide is presented. 

 
Questions/What to think about (Slides #10-11) 

xxii.This is the final section of the presentation. Slide #10 should be utilized for answering 
any of the students’ questions from the presentation, demonstration, handout, or 
discussions from the lecture. 

xxiii.Make sure that the students are engaged in the “What to think about” slide. Have each 
student give their responses on each question, while also allowing for in-class 
discussions.  For example, the instructor can have students split into small groups to 
talk about their ideas. 

 
Learning Activities: (15-20 minutes) 
At end of the lesson, the instructor will lead the students in the review game 
Kahoot.  This interactive game gives students the opportunity to be engaged while 
going over the material again. It also gives the students to make connections between 
all of the concepts within the lesson. Though this activity does not substitute for a 
traditional quiz, it does supplement learning. The instructor might supplement with 
another quiz type in order to ensure the students have understood the 
curriculum.   (Note: Instructor must have the questions and the structure of the Kahoot 
done prior to the day of the lesson.)    
 
Resources and Materials 

1. PowerPoint Presentation 
2. Kahoot Interactive Activity 
3. Plasmids and Transformation Video 
4. DNA Printout:  
5. Plasmid/ DNA Modification Handout (Optional) 
6. CRISPR handout 

 
Differentiated/Accommodations/Modifications/Increase in Rigor 
Instructor should give all students access to the PowerPoint presentation and videos 
embedded in it. Instructor should also print out resources for the topics that are not fully 
presented in the PowerPoint in order for students to become more acquainted with the 
more detailed information.  If students require a reader or writer, an assistant can aid 
them through the lesson. For language and culture, the instructor or partner ESL 
instructor might provide the notes in appropriate language and videos that can have 
subtitles.  For the learning activities, students should be divided in groups where they 

https://kahoot.com/
https://docs.google.com/presentation/d/1H4a6-G9Frtlg2jPXS3eryp0krtGiHJOwD1OWnmMMgdE/edit#slide=id.p
https://kahoot.com/
https://youtu.be/cXSGzWyt0aU
https://www.yourgenome.org/sites/default/files/downloads/activities/origami-dna/origamidna-colourtemplate.pdf
https://docs.google.com/document/d/1MNDWgiGJATh6uswwMYcfKLOTTzbIkV_hHpmCbNM2iiI/edit?usp=sharing
http://thebiologist.rsb.org.uk/images/biologist/Features/CRISPR-Cas9-web.jpg
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feel comfortable and have the opportunity to succeed both individually and work 
together as a team. 
 
Classroom Management 
Instructor should be leading discussions and providing feedback to students throughout 
the lesson.  Throughout the presentation, students should be engaged and be 
encouraged to ask questions if an idea is not clear to them.  It is essential to keep the 
students on track because the information in this lesson may be very new to some of 
the students. 
 
Technology 
Instructor needs access to a computer and projector in order to present the material in 
the PowerPoint.  Students will also need access to either a computer, tablet, or 
smartphone in order to participate in the learning activity.  Videos shown during class 
can be accessed on through the PowerPoint presentation or YouTube.  Printouts for the 
extension activity are available in the Resources section. 
 
Assessment (10-15 minutes) 
Producing More Corn Assessment  
Key for Assessment 

 
The main Assessment that will be given (at the end of Lesson 3 or the beginning of 
Lesson 4) will combine all three of the NGSS standard listed at the beginning of the 
lesson. The goal of the assessment is to allow the students to acquire the knowledge 
they have learned from the presentation about biotechnology in Genetic Modification 
and be able to use that knowledge in real-world research situations. The assessment 
presents the student with a situations that addresses the NGSS standard HS-ETS1.A 
by providing the student with a human sustainability problem of trying to produce more 
corn for the planet. With this problem to be addressed then the student will be able then 
to propose a research method using their knowledge they obtained from the lesson. 
This part of the assessment addresses the NGSS standards HS-LS4.C and HS-LS1-
3.A by allowing the student the opportunity to solve research situations and learn about 
how organisms can regulate their internal properties even with genetic modification. 
Having the student draw out a schematic of their biotechnological ideas will also provide 
the students with more of a 3D aspect of scientific learning. 

 
Additional Information for the Teacher 
·Assessment can be given in a test format or it can be done in group/individual work. 
·Allow the students time to figure out the answers or at least make an educated attempt 
to answer all the questions in the assessment. 
·When a student asks for help, lead them in the direction of knocking out the gene that 
is producing the repressor protein. An example of a way to do this is to ask the student 
to think about the big problem with why the main growth hormone tan/aid2 is not being 
produced. If they still have not solved, have them read the problem carefully 
understanding what the situation is asking for while going through each biotechnological 
method. 

 

3. Mystery genotypes and revised model 
 
Learning Objectives/Goals: 

https://docs.google.com/document/d/1rm0cVQEgX0tAsgpRNLw0W9UbfIz8apiBWS9iHYIEOUc/edit?usp=sharing
file:///C:/Users/carol/Desktop/KeyIn%20corn%20fields%20on%20the%20planet%20Neutron,%20a%20new%20mutant%20of%20corn%20was%20wanting%20to%20be%20created%20to%20produce%203%20times%20the%20amount%20of%20bushel%20per%20acre.%20Researchers%20tried%20various%20methods%20of%20biotechnology%20to%20remove%20the%20function%20of%20the%20repressor%20protein%20that%20inhibits%20constitutive%20expression%20of%20the%20main%20growth%20hormone%20tan/aid2.%20However,%20some%20processes%20were%20not%20very%20accurate%20and%20could%20be%20highly%20expensive.
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 Students will be able to design an effective experiment involving two control 

groups 
 Students will draw a conclusion based on observations and statistics 
 Students can use excel to find an average, standard deviation, and create a 

graph 

PRIOR PREPARATION 

One month before class: 

 
The model plant Arabidopsis thaliana takes about one month to grow leaves with 
satisfying size for insect choice assay. Therefore, start growing the plants ahead 
of time. By incubating the seeds in water at 4 °C for several days, it increases 
germination rates and helps synchronize germination of the seeds (optional). 
When planting Arabidopsis thaliana, you only need to place the seed on top of 
the soil. It is important to not overwater the plant or let the soil get dry to prevent 
stress in the plant. The soil must be kept moist, but not overly wet. Water every 4-5 
days as needed.(See below pictures to see what plants should look like when ready). 

INSECT FOOD COURT: GMOS AND FEEDING PATTERNS 
https://munsfscilift.files.wordpress.com/2017/08/insectfoodcourtmodule_sci-lift-17.pdf 

 
 
Number of plants needed: 
The classroom will be divided into 3 groups. Each group needs 2 replicates of each of 
the 4 genotypes for each of the two experiments (insect resistance and drought 
resistance). This makes for a total of 48 plants. Plan on only 1 out of every 5 plants 
surviving (If the seeds were not incubated in 4 °C you will need to plan on only 1 of 8 
plants germinating and increase total seeds accordingly). This means you will need to 
sew a total of 240 seeds, 60 of each genotype. 
 
Preparing insect cages: 

Prepare 24 Insect cages by cutting a hole in the 
top of a plastic cup or water bottle(whatever fits 
best on the top of your plant pots) and glue a 
piece of mesh over the hole ensuring there are 
no gaps.(See insect cage picture below). The 
easiest way to make holes in the cups is by 
finding a tubular metal object and heating one 
end with a Bunsen burner while you grasp it from 
the other end using a clamp. You can use this 
method to melt a perfect hole in each cup. 
Alternatively, you can use scissors, a box cutter, 
etc. but it will be a longer process. 

 
Hatching Insects: 

 
 

Materials:  
• Insect feeding cages  
• Insect food 
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• Insect eggs (Trichoplusia ni, common name cabbage looper) 
• Scissors 

• Spatula  
1. Prepare insect feeding cages for hatching insects by scooping out and placing the 
already prepared solid insect food into the bottom of the feeding cage. (Feeding cages 
can also be made DIY with Tupperware container and sealed vent holes).  
2. Cut the insect egg sheet (wax paper with eggs attached on its surface) so that the 
sheet is able to fit into the bottom of the feeding cage.  
3. Place the sheet with the eggs, egg side down on top of the food.  
4. Seal lid tightly to ensure no insects can escape.  
5. At 28 degrees C, it should take 2 days for the insects to hatch. Since you are 
probably completing this lab at room temperature, it may take 3 days for your insects to 
hatch.  

INSECT FOOD COURT: GMOS AND FEEDING PATTERNS 

https://munsfscilift.files.wordpress.com/2017/08/insectfoodcourtmodule_sci-lift-17.pdf 

 
 

Protocol 
Day 1: Designing an experiment and setting it up 

 
Discussion Activity: 
Briefly Introduce to the students the idea that Jasmonate(JA) is a plant hormone that 
helps in defending against insects. Introduce the idea that proline is an amino acid and 
the more proline that plants accumulate the more tolerant they are to drought. Mention 
that increasing drought resistance and insect resistance in plants are two major areas of 
interest for GMOs. 
 
Emphasize to the students the importance of a control in any experiment. Some points 
to make about controls include that: 

o Controls prove that your data for a new plant shows a difference from the 
original, un-mutated plant 

o Having both a positive and negative control in your experiment is 
important because it provides two reference points which can be used to 
determine where the unknown plant lies in relation to the controls. What 
could those two reference points be? Aim to guide them to deciding on a 
wild type plant and then a plant that cannot produce either proline or JA. 

 
Planning the experiment: 
Students will be lead toward designing an effective experiment that will decide if the two 
mystery mutants are JA or Proline related. Students should be able to distinguish the 
mystery plant from both the wild type and the negative control. You can give the 
students the variables we will be testing before they begin(Insect resistance and 
drought tolerance). Some questions to help guide students towards designing the 
experiment themselves: 

 ”How do you plan to create comparable data that will elucidate the underlying 
genetic differences in the mystery plant? What plants can you use to generate 
this data?” 

 “What would be a good reference to prove that the plants are genetically 

modified and aren’t the same as an un-mutated, Wild Type plant? 
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 “What other genetic modifications to Arabidopsis could be used to help us 

elucidate the effect that our mystery genetic modifications have on the plants in 

relation to proline and JA?” 

 After students decide on wild type as positive control: 

o “If you were to say there is a ‘spectrum’ when it comes to JA production 

and Proline accumulation in plants, the wild type would sit near the 

middle. what end of this ‘spectrum’ could be another reference point? 

Think about which would be easiest to generate as a geneticist.” 

Introduce WT and Knockout mutant as controls(hopefully the students have already 
decided to use these as the controls). DO NOT make the distinction that the Knockout 
mutant is JA related. Instead, the students must figure out for themselves if it is related 
to insect resistance or drought tolerance. 

 Controls: 
o aos (JA Knockout Mutant), (- control) 
o WT(+ control) 

 Experimental plants: 
o b1b3 
o JAR1OE 

 Variables we are testing: 
o Insect resistance (Based on JA) 
o Drought resistance (Based on Proline) 

Homework: 
Have students read the two papers and do some additional research to get a grasp on 
the topics as a homework assignment. They must have it complete by the day 
designated to data collection. Reading activities: 

 JA paper Abstract (Koo AJ (2018) Phytochemistry Reviews. 17:51-80) 
o Activity: students read abstract, list key terms they do not understand, 

and look them up. Students then re-write abstract in “common language.” 
Can use google to search terms  

https://link.springer.com/article/10.1007/s11101-017-9510-8 
 Proline and drought tolerance paper abstract (Verbruggen, Amino Acids) 

o Activity: students read introduction, list key terms they do not 
understand, and look them up. Students then re-write introduction in 
“common language.” Can use google to search terms 
https://link.springer.com/article/10.1007/s00726-008-0061-6 

 

Setting up the Experiment: 
Note: Experiment set-up can be moved to day two if needed 
 
Insect Resistance Assay: 

 Place 6 insects on each plant 
 Cover each pot with an insect cage and use at least two layers of parafilm to 

seal the gap between pot and cage (see example picture below). Make sure the 
pots are clearly labeled as WT, - control(or knockout mutant), “1” for Jar1 OE, 
and “2” for b1b3. The instructor will have to label the Jar1 OE and b1b3 plants 
“1” and “2” in advance. 

 Allow insects to feed for 6 days 
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Drought Tolerance Assay:                     
 Plants will be watered normally up to date of experiment 
 You can begin experiment on same day as Insect assay 
 Empty water from trays of all plants 
 Do not water for 6 days 

 

Day 7: Collecting data and analyzing it 
Insect feeding assay: 
Students remove cages, remove and weigh insects, and record the weight of each 
insect as well as the genotype they were feeding on. Afterwards students take pictures 
of all the plants together in each group with the genotypes clearly labeled as - control, 
WT, 1, and 2 with all labels clearly visible in the photo 

 
 
Drought tolerance assay: 
After seven days students take pictures of all the plants together in each group with all 
genotypes clearly labeled as - control, WT, 1, and 2 and visible in the photo. Students 
then count the number of dead or dying leaves on each plant and record that number 
along with the corresponding genotype 
 
Analyzing Data: 
Students enter data on Excel both by group and as a class separated by genotype. 
Students must find standard deviation and generate bar graphs using the data to show 
correlation. In order to promote differing opinions between groups for the argument, do 
not show class data until after the students have argued their claim. 

 
Making a conclusion and supporting it: 
Ask students to discuss amongst their group and hypothesize whether the mystery 
mutants have JA related or Proline related mutations. Separate students into several 
groups putting students who have the same prediction together.. These groups must 



18 

now characterize the mystery mutants (e.g. higher JA, lower proline levels, JA 
insensitive, etc.). Each group has a day to create a poster supporting their hypothesis 
that includes experimental pictures, graphs, and any support they can find online. After 
students present their posters and argue their claims reveal the mystery plants and 
knockout mutant: 

 aos knockout mutant 
o The AOS gene codes for a key enzyme in Jasmonate synthesis. The 

knockout mutant of AOS is incapable of producing Jasmonate since it 
lacks this enzyme. 

 b1b3  
o b1b3 mutants accumulate large amounts of Jasmonate in their leaves but 

have reduced wound response capabilities. For example, wound slows 
growth but these plants can grow faster. Can you see the growth 
phenotype? 

 
 JAR1-OE 

o JAR1 is the enzyme that conjugates Jasmonate to the amino acid 
Isoleucine to create JA-Ile, the active form of Jasmonate. JA-Ile is the 
form of Jasmonate which can bind to the hormone receptor (COI1) and 
influence gene expression and consequently, insect resistance. It can 
also be metabolized into other compounds which can affect downstream 
plant defense pathways. This transgenic line over-expresses the JAR1 
enzyme causing an increase in JA-Ile levels in the plant. This gives the 
JAR1 plants heightened resistance to insects. 

 

EXTENSION MATERIALS  

 Videos interviews (career options related to module) 

 Carbon Footprint Calculator (suggested to use on day 1 or day 2 of module) 

 

BACKGROUND FOR TEACHER:  

Genotype choice:  
To teach students about significance of GMO and jasmonic acids, it is suggested 
to use wildtype and jasmonic-acid-deficient (which is genetically modified) 
Arabidopsis Thaliana. Note that there are multiple proteins that are involved in 
jasmonic acid pathway inside plants.  JA biosynthetic mutant, aos, mutated in a 
gene encoding Allene Oxide Synthetase (AOS) enzyme can be requested from 
Dr. Koo’s Lab (kooaj@missouri.edu). A link to order wild type seeds can be 
found in resources.  
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Let us know how this curriculum module worked in your classroom! Please 
provide feedback to the Sci-LiFT program by going to our webpage at: 
https://munsfscilift.wordpress.com/contact/  

https://munsfscilift.wordpress.com/contact/

