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GENERAL USE OF Science in the Classroom
Student Learning Goals:
“One fundamental goal for K-12 science education is a scientifically literate person who
can understand the nature of scientific knowledge.”1
The U.S. National Academy of Sciences defines science as: “Any new finding requires
independent testing before it is accepted as scientific knowledge; a scientist is therefore
required to honestly and openly report results so that they can readily be repeated,
challenged, and built upon by other scientists. Proceeding in this way over centuries,
the community effort that we call science has developed an increasingly accurate
understanding of how the world works. To do so, it has had to reject all dogmatic claims
based on authority, insisting instead that there be reproducible evidence for any
scientific claim.”
An important student learning goal, central to any understanding of “the nature of
scientific knowledge,” is to give each student an appreciation of how science is done.
This includes knowing why:
 Scientists must be independent thinkers, who are free to dissent from what the
majority believes.


Science can deal only with issues for which testable evidence can be obtained.



All scientific understandings are built on previous work



It is to be expected that one scientist’s conclusions will sometimes contradict the
conclusions of other scientists.



Science is a never-ending venture, as the results from one study always lead to
more questions to investigate.

1

A Framework for K-12 Science Education, National Research Council, 2012

Using This Resource
Learning Lens:
The Learning Lens tool can be found on the right sidebar of each resource and is the
source of annotations. Click on the headings to highlight portions of the text of the
corresponding research article. A subsequent click on the highlighted text will produce
a text box containing more information about that particular piece of text. Below is an
example of the Glossary function of the Learning Lens.

An example of the resource with the Glossary, Previous Work, Author’s Experiments,
News and Policy Links, and References and Notes tools turned on. The Glossary tool
is in use.

Learning Notes:
Learning Notes accompany each figure and are designed to help students deconstruct
the methods and data analysis contained within each figure.

References:
The Reference section of each resource is annotated with a short statement about how
or why each reference relates to the current research study.

Thought Questions
Thought Questions are located above the Learning Lens in the right sidebar of each resource.
These questions were written to be universal and applicable to any primary research paper.
Thought questions do not have a single answer, or a correct answer for that matter, and can be
used to stimulate discussion among students.

Suggestions for Classroom Use:
In addition to the thought questions discussed above, other resources are provided for
use in the classroom. These can be found toward the end of the teacher guides
associated with each specific article and include:
1. Discussion questions specific to the article, related to the standards, and/or
associated with the figures.
2. Activities tied to the articles.

Some ways to use the Science in the Classroom articles:
1. Assign to student groups to read and discuss during class.
2. Assign small sections of the article to student groups to read and discuss during
class, with the expectation that they will present or use jigsaw to teach the entire
class what is in their part of the article.
3. Assign to individual students to complete during class or as homework.
4. Assign reading as an extra credit project.

Some ideas for interactive student engagement after reading the article:
1. Students write answers to discussion questions (for example, those linked to the
standards or those linked to the diagrams).
2. Go over the abstract, as well as information about the purpose and structure of
an abstract, and have students write their own abstracts for the articles in
language that could be understood by their peers.
3. Have students edit the article, or parts of the article, to a simpler reading level.
4. Have students, alone or in small groups, use the annotated list of references to
explain how the scientists who wrote this article built on the published work of at
least one independent group of scientists in making their discoveries. In the
process, did they produce data that supports the findings of the earlier

publication that they have cited in the text? In what way does this article support
the statement that scientific knowledge is built up as a “community effort”?
5. Use the article and discussion questions linked to the standards and the
diagrams for a teacher-led classroom discussion. The discussion can focus on
the nature of science and scientific research, as well as on the science in the
article itself.
6. Have students give a classroom presentation about the article, parts of the
article, or their answers to discussion questions.

ARTICLE-SPECIFIC MATERIALS
Connections to the nature of science from the article



Why do scientists want to genetically manipulate model organisms?
How does the research in this paper help scientists better achieve this goal?

The importance of this scientific research


An existing genetic tool is repurposed in a novel way to powerfully control
inheritance of desired genetic material.

The actual science involved




Drosophila genetics
DNA plasmid design
Genotyping

Connect to Learning Standards:
The Next Generation Science Standards




Science and Engineering Practice 1: Asking questions
Science and Engineering Practice 3: Planning and carrying out investigations
Science and Engineering Practice 4: Analyzing and interpreting data

The AP Biology Standards



Essential knowledge 3.A.1: DNA, and in some cases, RNA, is the primary source of
heritable information.
Essential knowledge 3.A.3: The chromosomal basis of inheritance provides an
understanding of the pattern of passage (transmission) of genes from parent to
offspring.

Common Core English Language Arts




11-12.3: Follow precisely a complex multistep procedure when carrying out
experiments, taking measurements, or performing technical tasks; analyze the
specific results based on explanations in the text.
11-12.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context
relevant to grades 11-12 texts and topics.

Summary of the Article for the Teacher:
It is recommended that this not be used by students in place of reading the article.

General Overview:
In recent years, the CRISPR-Cas9 gene-editing system has been used as a molecular
tool to allow researchers to quickly and effectively create specific DNA mutations in a
variety of organisms. This system was originally discovered in Streptococcus pyogenes
as a way for the bacteria to fight off viral attacks. Here, the authors describe a way to
use CRISPR-Cas9 to simultaneously mutate the same gene on both chromosomes,
creating a homozygous mutant in a single generation, a process called mutagenic chain
reaction (MCR). This technique has many potentially beneficial applications, such as
enhancing our ability to create models of human disease, rendering pest populations
less threatening, and serving as a delivery system for gene therapy. However, if left
unsupervised, MCR is a potentially dangerous new tool.

Topics Covered:
 Mendelian inheritance
 Homology-directed DNA repair
 CRISPR/Cas-9 genome editing
 X-linked inheritance

Why this research is important:
The immediate importance of this study is the discovery of a new tool that will
dramatically increase the efficiency of generating mutant organisms for biological and
biomedical research. Homozygous mutations are often needed to study the function of a
specific gene or the progression of a disease. This study introduces a technique that
allows the acquisition of the desired homozygous mutation in half the time as traditional
techniques and with 100% efficiency. This technology will greatly enhance the rate of
research that uses animal models. The more long-term importance of this new tool is its
potential use in global health and in therapy for genetic diseases. The authors suggest
that MCR could help us rid the population of disease-harboring insects. It could also be
used in gene therapy to treat human disease, because of its power to mutate DNA.

Methods used in the Research:






Generation of DNA constructs (using the polymerase chain reaction [CR] and
restriction enzymes)
Drosophila embryo injection
Drosophila breeding
PCR
DNA sequencing

Conclusions:


The authors designed an MCR construct that, when injected into Drosophila
embryos, used the process of homology-directed repair to create a homozygous
mutation.



The authors tested their new system by mutating the X-linked y locus in flies. Males
injected with the MCR construct were mated with y+ (wild-type) females, which
resulted in y- (mutant) females, a result that could not occur by Mendelian
inheritance of a recessive allele.



F2 progeny of females expressing the MCR allele with wild-type males had a fullbodied y- phenotype at a rate of 97%, much greater than the expected 50%
transmission of an X-linked allele (only in males).

Areas of Further Study:




Can this technology be applied to other organisms? Mice? Humans?
How could this be used to treat human disease?
How can we engineer this technology to protect against accidental release of MCR
organisms into the environment?

Discussion Questions:


CRISPR/Cas9 was originally discovered in bacteria as a mechanism to protect the
bacteria against viruses. Why would it be advantageous for bacteria to have a
genetically encoded mechanism like this? How might this mechanism work to protect
the organism?



Can you think of examples of human diseases that could be modeled using MCR to
create homozygous mutations of a specific gene?



Why do you think the authors decided to use MCR to mutate the y locus in
Drosophila?



In the current paper, the authors use MCR to create an insertional mutation in the
region of interest, but they postulate that creating deletions of genes is also possible
with this technology. Can you design a construct that would allow for deletion of a
specific gene?



Why do you think it would be dangerous if MCR organisms were unintentionally
released into the environment?

Discussion questions associated with the figures
Fig. 1:


Why was it so important for the authors to include homology arms in their DNA
construct?



Authors take advantage of an endogenous DNA repair mechanism called homologydirected repair. What is another mechanism of DNA repair? What are the
advantages and disadvantages of both mechanisms?

Fig. 2:


Panels E and F: How would the results of the fly crosses have been different if the
mutated gene had been somatic rather than X-linked?



Panel E: Why do you think the authors never saw mosaic males among the F 2
progeny?

