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Introduction

Whether you're a human being, an insect, a microbe, or a stone, this verse is true.

All that you touch You Change. All that you Change Changes you. The only lasting truth Is
Change. God Is Change.

-Parable of the Sower, Octavia Butler1

In Parable of the Sower, a young-adult science-fiction dystopian novel by African-American science-fiction
writer Octavia Butler, the protagonist, Lauren, writes a fictional book titled Earthseeds: The Books of the
Living. The overarching theme of the book is God is Change.  For Lauren, religion is about action, because the
nature of reality is change. The way to be a good Earthseed follower is to go out and make the world better.
She lives in a world of constant change; mostly pessimistic, depressing, change. Within that change, she
always carries hope. The need to steal or even murder in order to save oneself or a loved one is a dilemma
that is presented in the novel several times. The protagonist needs to make very difficult choices to survive.
There are many other ethical questions posed in the book about the role an individual should take in making
the world better. While the theme concentrates mostly on societal issues, I wonder what Ms. Butler would say
about applying Earthseed’s teachings to science.

Looking at this passage from a science teacher’s point of view, natural selection, adaptation, and evolution
come to mind. My question is, “Is it ethical for humans to interfere with the process of natural selection and
evolution to slow down or speed up change?” In the book, Unnatural Selection by science writer Emily
Monosson, she poses the question, “Why not let nature take her course?” She argues that we have adapted
our environment to suit us, but we cannot adapt quickly enough to the environment we are creating.2 As an
example, by contributing to global warming, we are contributing to the greater ability for mosquitoes to
spread to new geographic areas as these become warmer, in turn creating greater opportunities for mosquito-
borne transmission of viruses and parasites that cause diseases such as malaria.3 Are we ready to deal with
the aftermath of climate change? In Parable of the Sower, Butler describes living in a world in which climate
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change has caused destruction and despair to our Earth. In her novel, she illustrates a hypothetical future of
our Earth if we do not stop global warming in its tracks now. It is as if she foreshadowed through her literature,
the dangers that are beginning to present themselves in our present day. In Parable, it only rains once every
six or seven years and it is evident that there is a depletion of natural resources, and an abundance of forest
fires due to climate change.4

The reason I have begun the unit with this classic young-adult novel is because I believe that education should
be taught through various lenses and using different mediums. Introducing a science concept by using a quote
from a novel may be a good way to engage students who are, otherwise, intimidated by science. They can
make connections to text that they are more familiar with and use that as a vehicle to guide them in the
understanding of some more complex science concepts. According to science writer, Carl Zimmer, who spoke
at our seminar, people love to hear stories. He encouraged us to try to teach science through these stories.
Professor Paul Turner begins his seminar presentations by showing an image of a historical figure. He tells a
story and then makes the connection to the science lesson of the day. It is engaging, and a strategic way to
pull the audience to the rest of the presentation.

In our hands, we now hold the tools to make great scientific change. When Butler wrote the words The only
lasting truth is Change, gene drive technology had not been discovered. At the time, it was unimaginable that
decades later, change in organisms would be viable using gene drive technology. Although she was a science
fiction writer, again, I believe she was writing from the perspective of creating social change. As science
educators, we too can instill in our students that, through science, they can also participate in making positive
change. This scientific change also comes with an ethical responsibility. Tough choices are going to have to be
made when using this new technology. This is the beauty of literature, the reader is able to read and make
interpretations to whatever their present reality is. When she was talking about change, was she writing about
the immense possible change that can be created by humans through new technology such as CRISPR? No,
but here we are faced with that dilemma. If I could have a conversation with her now, I would ask her opinion
about the possibility of human intervention contributing to this type of genetic change.

What is gene drive technology and CRISPR, you may be asking? Gene drive is technology that is capable of
altering the genomes of entire species. Gene drives ensure that chosen mutations are passed on to nearly all
of an animal’s offspring. This causes a higher number of an organism’s offspring to inherit a favorable gene
that would ordinarily happen by chance, allowing a mutation to spread quickly through a population.5 If we
were to let natural selection take its course, a genetic change in an organism could take an extensive amount
of time to spread through the population. The probability of inheriting a mutation carried on a pair of
chromosomes is 50 percent. Using CRISPR technology, that probability increases dramatically. It allows a
mutation made by CRISPR on one chromosome to copy itself to its partner in every generation. Nearly all the
offspring will inherit this change in a much faster time.6 As a science teacher who has not read too many
science-fiction books, this sounds like the recipe for a great sci-fi story, except this time it is real and it is here.
The idea that we have access to technology like CRISPR left me with my mouth open on more than one
occasion during our seminar, Manipulating Biology: Costs, Benefits and Controversies.

In Unnatural Selection, Monosson writes that “New vaccines may allow us to slow the evolutionary process,
giving us all a fighting chance.”7 Technologies such as vaccines protect against diseases that might ordinarily
kill people; thus, diminishing the opportunity for natural selection to remove the least resistant individuals
and, hence, any underlying genes responsible for their weakened resistance.8 Over 99 percent of species that
ever lived on Earth, are now extinct.9 Should we slow down the evolutionary process by keeping individuals
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alive in the face of diseases that might ordinarily kill them, perhaps contributing to the preservation of
humans as a species here on Earth for longer than what, otherwise, is expected? Is that an ethical thing to do?
Or, should we allow nature to take its course? Are we being unethical if we have the technology to save lives
but do not use it? I feel that there are more questions than answers when it comes to this topic. Hopefully, our
students will begin to ask some of their own.

Imagine that you are a 7th grade student walking into science class and your teacher tells you that there is a
chance that in the near future we could witness a type of Jurassic Park where woolly mammoths and other
extinct species are roaming our Earth once again. As a 7th grader, your first reaction would probably be an
open-mouthed, “Wow!”. That’s what my middle-aged reaction was when I first began hearing about all the
amazing gene editing tools that science has discovered and developed. I assume most people would have the
same initial reaction. Then after some processing, we would probably move from the “Wow” to the “What
would all this mean?” This train of thought could take us to so many unknowns that it would make our heads
hurt. What else could we do with gene editing technology? How far can we go? As I began reading, I realized
that there is an unlimited number of things we could do with this fairly new technology.

One potentially useful benefit of gene drive technology would be the eradication of harmful diseases affecting
people worldwide. The idea of teaching our students content through a global perspective is something that I
feel our society could benefit from. Since the seminar revolves around manipulating biology, my unit topic will
focus on manipulating biology to eradicate malaria. The guiding questions throughout the unit will be, is it
justifiable to ever force a species into extinction? For example, should we make an attempt to drive malaria-
carrying mosquitoes into extinction? Should we use gene drive technology to do this, or should we
concentrate on changing their DNA to keep them from transmitting malaria to humans while saving them from
extinction? Is it possible to use gene drive technology to cure sickle cell anemia? We will look at the way
humans have evolved adaptations to fight diseases in their environments over thousands of years. These
adaptations have caused populations in areas with high prevalence of malaria to develop high incidences of
sickle cell anemia; heterozygotes with some (but not all) sickle-celled blood cells are the most fit for resisting
malaria parasites that invade our blood. The unit will include an understanding of how malaria, through
natural selection, has contributed to sickle cell anemia. Students are expected to look at geographical maps
and make a connection to the regions with high incidences of malaria, to understand why people whose
ancestors lived in these parts of the world are the ones most often affected with sickle cell anemia.

Content Objectives

Cells and DNA

Students will understand that human cells contain DNA chromosomes. If we look deep inside the cell into its
nucleus, we will find chromosomes made of DNA, double-helix molecules that when unwound reach a length of
about 3-meters. All of our cells, except red blood cells, contain DNA. Our DNA molecules contain the
instructions for us to develop properly as an individual organism. DNA is itself composed of molecules called
nucleotides. Each nucleotide contains a phosphate group, a sugar group (deoxyribose), and a nitrogen base.
The four nitrogen bases are adenine, thymine, guanine, and cytosine. Adenine and thymine form pairs on the
rungs of the ladder and guanine and cytosine form other pairs. It is these base pairs that form the three-
meter-long strands of DNA found in the nucleus of our cells. These strands act as a roadmap; they are the
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language that is read within our cells to make amino acids, which are the building blocks for every protein that
is manufactured in our body.

DNA Strand with Nitrogen Bases and Phosphate Backbone10

Mitosis

Students will understand that mitosis is a cell division process that produces cells that are genetically
identical. Human cells have 2 sets of 23 chromosomes, one set from each parent. These are called
homologous chromosomes. It is the combination of these sets of chromosomes that will determine the
offspring’s genotype, sometimes including genetic diseases or disorders.

Natural Selection, Adaptation, and Mutation

Mutation is random, but natural selection is not. Mutations can be beneficial, deleterious, or neutral, having
absolutely no effect at all. Natural selection is the process that results in the adaptation of organisms to their
environment, by means of favoring the genetic variants whose traits are best capable of survival and
reproduction, relative to other variants. The mutational changes in the genome are responsible for the traits in
these favored variants, or genotypes, and over time a population of organisms will change to become
dominated by the genotypes with the greatest fitness advantages. Natural selection happens quickly if the
generation times of organisms are short, for example in bacteria. But major changes in human evolution take
much longer, such as hundreds and thousands of years, as these new mutations occur randomly and are
incorporated in the DNA that ultimately changes in composition over time.11
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Malaria

It is believed that malaria has been around for more than 4,000 years. Symptoms of malaria were described in
ancient Chinese medical writings as far back as 2700 BC. In 1880, Charles Louis Alphonse Laveran discovered
the malaria parasite by observing these organisms in the blood of a patient suffering from malaria. He went on
to win the Nobel Prize for his discovery. By 1897, Ronald Ross, a British officer in the Indian Medical Service
was the first to show that malaria could be transmitted from infected patients to mosquitoes. Ross also went
on to win the Nobel Prize in 1902. These discoveries were instrumental in treating patients with malaria and in
helping to reduce the rates of transmission.12

Malaria parasites are micro-organisms that belong to the genus Plasmodium.13 Four of these species have
been recognized to infect humans in nature. Although malaria was eradicated in the United States in 1951, it
continues to be a problem in many other countries. It still affects nearly a quarter billion people each year,
killing about half a million people, constituting one of the world’s deadliest human disease problems. Ninety-
five countries today remain at risk for malaria transmission.14 Students should know that malaria is caused by
parasites transmitted through mosquito bites and that young children in sub-Saharan Africa are the ones
mostly affected in terms of mortality risk. According to a 2010 report by the World Health Organization, Africa
accounts for 88 percent of malaria cases.15

Malaria parasites are usually transmitted via bites caused by a female Anopheles mosquito that carries the
parasite. If the mosquito had previously eaten the blood of an infected person, it can carry the parasite and
inject it into another person while having another bloodmeal. Malaria can also be transmitted though blood
transfusion, organ transplant, sharing of needles, or from mother to fetus during pregnancy since the malaria
parasite is found in the red blood cells of patients. Following is a diagram showing the transmission of malaria.
The first vector is a female mosquito carrying the Plasmodium sporozoites. During a bloodmeal of the initial
human host, the first vector infects her with the micro-organisms. This causes a liver infection, which then
infects the blood. When a second vector (female mosquito) comes to this initial human host for a bloodmeal,
the vector takes with it the Plasmodium sporozoites and infects the next human host. The cycle continues.
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Transmission of Malaria16

According to an idea called a ‘Pathogen Pyramid’17 , humans are routinely exposed to very many pathogens;
but for both evolutionary and ecological reasons only a small subset cause infectious diseases that lead to
wide spread epidemics. The pathogen pyramid is expressed in four levels. Level 1 consists of frequent human
exposure to potential pathogens. A bite from an arthropod vector (mosquitoes in the case of malaria) could
possibly expose a human to malaria. In level 2, only a subset actually cause infection of the human host. Level
3 contains a smaller subset consisting of those pathogens capable of transmitting from one infected human to
an uninfected person. Finally, in level 4, there are the relatively small number of pathogens capable of causing
epidemic spread.18
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Pathogen Pyramid19

Sickle Cell

Humans have been adapting to overcome malaria for a very long time. One way that humans have adapted to
be able to survive in regions where malaria is prevalent is the sickle cell mutation. During the mid 20th

century, it was found that sickle mutations are highly selectively favored in regions where malaria is endemic.
People with this mutation were naturally selected since the trait (production of sickle-shaped cells) has some
resistance to malaria, because the parasites cannot complete their reproductive cycle in these abnormally
shaped cells; however, individuals who are homozygous and make only sickle shaped cells are unhealthy,
suffering from anemia because they lack any blood cells that function normally. This is considered to be an
evolutionary trade off.

The single mutation alters a single amino acid in the hemoglobin protein, changing a hydrophilic amino acid to
a hydrophobic amino acid and changing the structure of the protein. The sickle cell mutation defended against
malaria by starving the single-celled parasite that causes the disease, since it requires normal blood cells as a
food source. This was important because people who lived in these regions where malaria was prevalent, now
had some protection against the disease. Carriers of the mutation were considered to be more fit since they
had the mechanism that protects them against it. The faulty gene persists because heterozygotes that carry
one chromosomal copy of mutation are provided with some resistance to malaria.

The problem arises when two copies of the mutation, which is recessive, are passed on to an offspring from
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the two sets of chromosomes mentioned earlier. This results in people with sickle cell anemia; instead of just
the sickle cell trait in a subset of their blood cells. This structural change causes the red blood cells to become
hard, sticky, and C-shaped, aggregating in blood vessels and decreasing the red blood cells’ capacity to carry
oxygen to the body.

People inherit sickle cell disease if they inherit two faulty copies of the gene that codes for the
oxygen–carrying protein hemoglobin. Students will understand this after studying Punnett squares and
dominant and recessive alleles. Punnett squares are a graphical representation of the possible genotypes of
an offspring arising from a particular cross or breeding event.20

Probability of Acquiring Sickle Cell 21

Some West Africans captured in the slave trade brought sickle cell genes to the Americas. Since malaria is
uncommon in places like the United States, African-Americans who are descended from these individuals have
a lower rate of sickle cell anemia than Africans living in malaria regions. Seventy thousand to 100,000 people
in the United States are affected with sickle cell. About one in every 365 African-American children in the US is
born with sickle cell disease, for which the life expectancy is now about 40 to 60 years. Worldwide, more than
275,000 infants are born with sickle cell disease each year.22 Sickle cell anemia causes pain, fever, swelling,
and tissue damage that can lead to death. Again, natural selection has taken its course. The only lasting truth
is change. This was a mutation that triumphed because it was meant to protect humans by creating one
genetic disease to protect against another mosquito-borne disease. It took thousands of years of evolutionary
change to happen.23

Fast track to today. Humans no longer have to suffer from malaria, sickle cell anemia, or have to go through
evolutionary trade-offs to combat the disease. This is because a new technology has the potential to drive
mosquitoes to extinction and cease the transmission of malaria. If we are trying to deal with the global
problem of malaria, and we begin at the source, we can eradicate malaria by getting rid of all transmitting
mosquitoes, at least in theory. If we do this, we can save half a million lives each year. If Lauren in the Parable
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of the Sower had the ability to drive mosquitoes to extinction, what would she have done? Are mosquitoes
necessary to sustain our food chains? My students will have to research and attempt to answer these tough
questions.

Gene Editing and CRISPR

Gene editing is a type of genetic engineering in which an enzyme cuts the DNA of an organism at a specific
sequence. Then, DNA is inserted, deleted, or modified in that organism. This gives scientists the ability to
change its DNA. By changing the organism’s DNA, characteristics can be changed. Gene editing tools have
been used for some time now.24 In the past, the procedures used for gene editing have neither been easy nor
cheap, until now. With the fairly new gene editing technology, CRISPR, it can cost as little as $30 to edit
genomes. It is also a relatively easy procedure for a trained molecular biologist to use, making the method
extremely accessible.25 This technology is easily adapted to design a way to insert virtually any desired gene
into a specific location in a genome, and allows scientists to make changes in DNA faster and easier than ever
before.26 It is the recent discovery of CRISPR that has made the gene editing process much more exciting to
the general public.

CRISPR-cas9 stands for Clustered Regularly Interspaced Short Palindromic Repeats. The cas9 is the enzyme
that is guided by RNA in order to cut the DNA at a specified point. According to Nature: International Weekly
Journal of Science, in 2007, scientists determined that the repeats found in CRISPR are part of an evolved
bacterial defense system against viruses that attack bacterial cells. To integrate the gene drive mechanism
into the genomes of mosquitoes and other engineered organisms, scientists use modified versions of the
CRISPR gene taken from bacteria.

Using CRISPR to genetically engineer mosquitoes could save lives by decreasing the spread of malaria. Gene
drive technology will pass on the new genetically engineered traits to future generations of mosquitoes.
Scientists can potentially take this power and edit the genomes of mosquitoes in the lab. The genetically
modified mosquitoes will then be released into the wild to mate with wild mosquitoes, driving the gene into
the wild population. One possible plan is to reduce all mosquitoes (males and females) in a population, by
using gene drives to engineer mosquitoes that are released into the wild to mate with ordinary mosquitoes,
delivering lethal genes to all of the progeny and driving the population extinct. This is called population
suppression. If this is the case, I want my students to think about the affects this may have on the ecosystem.
Or another possible plan is to use gene drives similarly by instead delivering a non-lethal gene that prevents
female mosquitoes from transmitting the Plasmodium parasite as they feed on blood. This is called population
modification. Either way, with the highly-efficient gene-drive interference capable with CRISPR technology, this
change in wild populations should occur at a very rapid rate.27

Benefits, Costs, and Controversies

What are the economic or social benefits of eradicating mosquitoes? Funding for malaria eradication costs
millions of dollars a year. The Bill and Melinda Gates Foundation has pledged one billion dollars to end
malaria.28 According to the World Health Organization, across Africa, prevention of new cases of malaria
between 2001 and 2014 saved an estimated $900 million in case management costs. Insecticide-treated
mosquito nets contributed the largest savings. Imagine if we drove the malaria causing mosquitoes into
extinction and no longer had malaria, we could use that money and resources on fighting other diseases that
are prevalent in our global communities. 
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One question that was commonly asked during our seminar was if we begin to use gene drive technology,
such as CRISPR, who will have access to it? Also, will it cause a greater discrepancy between the rich and the
poor? Eugenics is the science of improving a human population by controlled breeding to increase the
occurrence of desirable heritable characteristics. It developed largely as a method of improving the human
race, but fell into disfavor after the perversion of its doctrines by the Nazis. 29 This idea has led to much
discrimination against certain groups of people in the history of our country and in others. Experiments on
humans, such as the Tuskegee Syphilis Experiment, still occurred in the USA after the Nuremberg Code that
outlawed such studies worldwide, following the infamous Nazi experiments on humans during World War II.30

These have been events in the history of science that we wish we could forget, but will gene drive technology
bring eugenics to the forefront once again? When talking about eradicating mosquitoes altogether, it could
possibly benefit all mankind, since malaria is a worldwide problem. Unfortunately, the unanswered questions
still leave room for doubt. Could gene drives cause natural communities somehow to be altered in such a way
that it could prove more harmful than beneficial to humans? While teaching this unit, I want to stay as neutral
as possible, but these are some of the questions I want my students to begin formulating on their own.

Rationale

Seward Communication Arts Academy is a Pre-K through 8th grade neighborhood school located in the Back of
the Yards neighborhood in Chicago. The building is well over 100 years old and is blocks away from Davis
Square Park who Mary McDowell, a prominent social reformer, helped build in the late 1800s. Along with the
Union Stockyards, our neighborhood has an extensive historical background. Currently, the demographics of
our students are 98 percent Latino, mostly of Mexican background and 99 percent low income. Forty percent
of our students are English language learners. We are currently becoming an International Baccalaureate
school. Through this program, we are encouraged and expected to make global connections in our units. Our
students are bright, inquisitive, and in the process of becoming active members of our global society. They
truly care about the world they live in and are constantly coming up with ideas of how to make our world
better. I intend to use this seminar as a medium to implement a unit that looks at biology through a global
perspective. Throughout the unit, we will ask questions about what is ethical and what is not. Ethics will be an
integral part of this unit. I really do not see the possibility of teaching this unit without teaching the ethical
aspect of what all this entails. A question that Dr. Turner asked throughout the seminar is, “Is it justifiable to
ever force a species into extinction? Should we drive mosquitoes into extinction in order to eradicate
malaria?” If we look at our students sitting in front of us as potential future scientists, then it is our
responsibility as teachers to introduce controversial topics such as gene editing to get them thinking about
decisions they may have to make one day.

Teaching Strategies

The approach to teaching strategies that I take in this unit is to use content knowledge that I have learned in
this seminar, the pedagogical approach that I have learned in my almost 20 years of teaching and lastly the
constant reminder to integrate technology as an essential strategy in my teaching. Being an International
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Baccalaureate candidate school means we follow certain criteria. Here, I have made an attempt to use
strategies that help guide instruction that is interesting and meaningful to the student.

GRASP Tasks

One strong emphasis in teaching at an IB school, is the designing of performance tasks to evaluate student
learning. GRASP Tasks are a type of performance task generally used within the IB program. GRASP stands G:
Goal, R: Role, A: Audience, S: Situation, P: Products or Performances, and S: Standards. This task asks the
student to place him/herself in the role of a STEM career. As an introduction to the unit, this GRASP task will
motivate students to pretend they are a medical professional who will read a scenario on a patient. They will
be presented with information on a patient who has sickle cell anemia. Because of their prior knowledge with
Punnett squares and recessive traits, they will be able to correctly diagnose the patient. After becoming
familiar with sickle cell anemia, I will introduce the connection between malaria and the sickle cell trait.

Teaching about Ethics

As a summative assessment, I plan to have the students discuss and write about their thoughts on
manipulating biology to eradicate malaria. When teaching ethics in the classroom, one should remember to
use real life experiences, as in the GRASP task. One suggestion from my research was to bring alumni and
practitioners into the classroom to discuss decisions they have had to make in their line of work. They can also
share about the consequences of those decisions and how they handled them. This will allow students to see
that while we are sitting in the classroom learning about the ethics of gene editing tools such as CRISPR, there
are actual people already making those decisions, and one day it may be them.

Science Journals/Articles

I plan to use articles from publications such as Newsela and Science Daily to teach students to cite specific
textual evidence to support their analysis. Since news about gene editing and CRISPR is new technology that
is always changing, science teachers can no longer depend on using a science text book that was published
over ten years ago. These textbooks may serve as supplemental material but not much more. We need up to
date articles that not only have the latest science discoveries, but that are not too challenging for our students
to read.

Interactive Notebooks

Students will use an interactive science notebook for note taking and referring to prior lessons. Students will
watch YouTube videos such as Genetic Engineering and Diseases-Gene Drive and Malaria. They will use
Cornell notes with Cornell Doodle notes to help understand the content.

Socratic Seminars

Students will have discussions in which a student asks an open-ended question based articles they have read.
The texts will most likely come from one of the publications mentioned above. I will begin by selecting an
appropriate text from Newsela. Students will be assigned the article to introduces CRISPR Cas-9. The article is
written in 5 different Lexile levels, ranging from 590L to MAX. It is also written in Spanish with the five levels
as well. This is ideal for differentiated instruction in a bilingual classroom. Students annotate the text and
prepare for discussion. Before discussion, students must be presented with a set of rules to follow during
discussion. I will begin the discussion by asking a question such as, “What do you think this text means?”
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Socratic seminars are not necessarily debates but more of a discussion to help the student understand a
difficult concept.31

Teacher Read Aloud: Parable of the Sower

Throughout the unit, I will read selections from the book where Lauren had to make ethical choices. I will
pause to verbalize what I am thinking internally. This modeling will aid the students in their own thinking.
Then I will ask the students their own thoughts on the ethical concerns posed in the book.

Hands-on Activities

Circulatory System

After students become familiar with cells and their functions, we move to the circulatory system-students will
role play the carrying of oxygen and carrying away of carbon dioxide from tissues. They will wear two types of
uniforms (round and sickle shaped). This will allow the students to see that the sickle shaped red blood cells
do not flow as easily through small capillaries as the round shaped red blood cells. After the role play, we will
have a whole class discussion and lab write-up on the importance of a healthy circulatory system and the
negative effects that sickle shaped cells cause in the circulatory system.

Sickle Cell Activity

Students will complete a Punnett squares lesson where they review recessive and dominant alleles. They will
understand that in heterogeneous individuals, people who have inherited the gene from only one parent, the
sickle cell gene is rarely expressed. Only homozygous individuals, those who inherited from both parents
develop the sickle cell anemia symptoms.

Strawberry DNA Extraction Lab

Students will carry out a popular lab where they follow steps to extract DNA from a strawberry. After
completing the strawberry DNA extraction lab, the students will know that enzymes are used to cut DNA. With
CRISPR-cas9, the cas9 is an enzyme which is able to cut a target piece of DNA. After the DNA is cut, CRISPR is
then able to alter the organism’s genome, by pasting in a different stretch of DNA. Explain to the students that
this process can be used to change a faulty DNA sequence that is responsible for causing disease into a
healthy, normal one that is not disease related, as in sickle cell anemia. Or, in the case of mosquitoes that
transmit malaria, the process can be used to engineer mosquitoes in a lab and use them to drive a lethal gene
or malaria-suppression gene into the individuals in a mosquito population in the wild, eliminating all
mosquitoes or reducing the ability for female mosquitoes to transmit the Plasmodium parasite. After the lab,
lead a discussion and presentation that explains how CRISPR works. Since it may be a challenging concept to
grasp, this part of the activity will be teacher lead.

Mutations

Students will take a template of a gene and make mRNA codons. They will compare a normal hemoglobin
allele to a sickle cell allele: GUUCAUUUGACACCCGAAGAA to GUUCAUUUGACACCCGUAGAA. Here, students will
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notice that a sickle cell allele has a mutation in just one nucleotide of its DNA sequence. They are expected to
understand that this slight mutation affects the formation of a new protein. The red blood cell is unable to
carry a sufficient amount of oxygen to the body under this new sickle shape. They will also understand that
this mutation is an adaptation that kept humans in malaria regions from acquiring the disease.

Maps

Students will analyze maps using the CDC (Center for Disease Control and Prevention) Malaria Maps. Students
will be assigned a country to report on. Areas with malaria transmission are indicated in red, yellow means
malaria is present in some areas, and green represents that no malaria cases have currently been found in
that area. They will also make the connection of how sickle cell anemia mostly affects people from these
geographical areas.

At the conclusion of the unit, the students are expected to end with more questions than answers. It is this
inquisitive thirst for knowledge that a budding scientist should acquire since their early years. When science
writer Carl Zimmer came to visit our seminar, something that he said made me understand why it is important
to teach this now. He talked about how students may not get to learn about gene editing tools like CRISPR
once they leave their high school years, unless they go on to major in science during their college years. The
time is now to teach them about the science behind gene editing and the ethical conversations and decisions
that we, as humans, cannot detach ourselves from.
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Appendix

The Next Generation Science Standards for Middle School Life Science (MS-LS3-1) state that in order for
students to demonstrate an understanding of Heredity: Inheritance and Variation of Traits, they should be able
to develop and use a model to describe why structural changes to genes (mutations) located on chromosomes
may affect proteins and may result in harmful, beneficial, or neutral effects to the structure and function of
the organism. It goes on to state that students should know that genes are located in the chromosomes of the
cells, with each chromosome pair containing two variants of each of many distinct genes. Each distinct gene
chiefly controls the production of specific proteins, which in turn affect the traits. Changes to genes can result
in changes to proteins, which can affect the structure of an organism and thereby change traits. Some
changes are beneficial, others harmful, and some neutral to the organism. The other standard that I will be
using following states that, Biological Evolution: Unity and Diversity students will be able to construct an
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explanation based on evidence that describes how genetic variations of traits in a population increase some
individuals’ probability of surviving and reproducing in a specific environment. (NGSS)

The International Baccalaureate mission statement begins with the phrase, IB aims to develop inquiring,
knowledgeable and caring young people who help create a better and more peaceful world through
intercultural understanding and respect. Since we are an IB candidate school, with a high stress on the
implementation of project based learning and in accordance with the NGSS (Next Generation Science
Standards), our 7th graders learn about life science using an inquiry based model while making global
connections. While this unit will focus on all four criterions of an International Baccalaureate assessment, I will
concentrate on Criterion D; Reflecting on the Impacts of Science. In this unit, the student will be able to 1.)
Explain the ways in which science is applied and used to address a specific problem or issue and 2.) Discuss
and evaluate the implications of using science and its applications to solve a specific problem or issue.

The IB Key Concept: Relationships states that there are connections and associations between properties,
objects, people and ideas-including the human community’s connections with the world in which we live. Any
change in relationship brings consequences-some of which may occur on a small scale, while others may be
far reaching, affecting large networks and systems such as human societies and the planetary ecosystem.
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