Biology - CRISPR
Week 04/20/20
Reading:
● Annotate the article: How CRISPR works
○ Underline important ideas
○ Circle important words
○ Put a “?” next to something you want to know more about
Activity:
● CRISPR Paper Activity
○ CRISPR Cut Out Instructions
Writing:
● Read the article: Gene-editing kit stirs up debate over do-it- yourself DNA creations
○ Answer the writing prompt at the end of the article.

Biología - CRISPR
Semana de 04/20/20
Lectura:
● Anotar el artículo: How CRISPR works
○ Subráye ideas importantes
○ Circúle palabras importantes
○ Ponga un "?" junto a algo que usted quiera saber más
Actividad:
● Actividad de Papel, CRISPR
○ CRISPR Cut-Out Instructions
Escritura:
● Lea el artículo: Gene-editing kit stirs up debate over do-it- yourself DNA creations
○ Responda la pregunta al fin del artículo.

GENETICS

Explainer: How CRISPR works
This technique lets scientists edit DNA in plants and animals

Scientists are using a tool called CRISPR/Cas9 to edit DNA.
KIRSTYPARGETER/ISTOCKPHOTO

By Tina Hesman Saey
July 31, 2017 at 5:50 am

Scientists usually shy away from using the word miracle. Unless they’re talking about the geneediting tool called CRISPR, that is. “You can do anything with CRISPR,” some say. Others just call
it amazing.
CRISPR stands for “clustered regularly interspaced short palindromic repeats.” Those repeats
are found in bacteria’s DNA. They are actually copies of small pieces of viruses. Bacteria use
them like collections of mug shots to identify bad viruses. Cas9 is an enzyme that can cut apart
DNA. Bacteria fight off viruses by sending the Cas9 enzyme to chop up viruses that have a mug
shot in the collection. Scientists recently figured out how bacteria do this. Now, in the lab,

researchers use a similar approach to turn the microbe’s virus-fighting system into the hottest
new lab tool.
This CRISPR/Cas9 tool was first described in 2012 and 2013. Science labs around the world
soon started using it to alter an organism’s genome — the entire set of its DNA instructions.
This tool can quickly and efficiently tweak almost any gene in any plant or animal. Researchers
already have used it to fix genetic diseases in animals, to combat viruses and to sterilize
mosquitoes. They have also used it to prepare pig organs for human transplants and to beef
up the muscles in beagles.
So far CRISPR’s biggest impact has been felt in basic biology labs. This low-cost gene editor is
easy to use. That has made it possible for researchers to delve into the basic mysteries of life.
And they can do it in ways that used to be difficult if not impossible.
Robert Reed is a developmental biologist at Cornell University in Ithaca, N.Y. He likens CRISPR
to a computer mouse. “You can just point it at a place in the genome and you can do anything
you want at that spot.”
At first, that meant anything that involved cutting DNA. CRISPR/Cas9 in its original form is a
homing device (the CRISPR part) that guides molecular scissors (the Cas9 enzyme) to a target
section of DNA. Together, they work as a genetic-engineering cruise missile that disables or
repairs a gene, or inserts something new where the Cas9 scissors has made some cuts. Newer
versions of CRISPR are called “base editors.” These can edit genetic material one base at a time,
without cutting. They’re more like a pencil than like scissors.

Here’s how it works
Scientists start with RNA. That’s a molecule that can read the genetic information in DNA. The
RNA finds the spot in the nucleus of a cell where some editing activity should take place. (The
nucleus is a compartment in a cell where most of the genetic material is stored.) This guide
RNA shepherds Cas9 to the precise spot on DNA where a cut is called for. Cas9 then locks onto
the double-stranded DNA and unzips it.

This allows the guide RNA to pair up with some region of the DNA it has targeted. Cas9 snips
the DNA at this spot. This creates a break in both strands of the DNA molecule. The cell,
sensing a problem, repairs the break.
Fixing the break might disable a gene (the easiest thing to do). Alternatively, this repair might
fix a mistake or even insert a new gene (a much more difficult process).
Cells usually repair a break in their DNA by gluing the loose ends back together. That’s a sloppy
process. It often results in a mistake that disables some gene. That may not sound useful —
but sometimes it is.
Scientists cut DNA with CRISPR/Cas9 to make gene changes, or mutations. By comparing cells
with and without the mutation, scientists can sometimes figure out what a protein’s normal
role is. Or a new mutation may help them understand genetic diseases. CRISPR/Cas9 also can
be useful in human cells by disabling certain genes — ones, for instance, that play a role in
inherited diseases.
“The original Cas9 is like a Swiss army knife with only one application: It’s a knife,” says Gene
Yeo. He is an RNA biologist at the University of California, San Diego. But Yeo and others have
bolted other proteins and chemicals to the dulled blades. That has transformed that knife into
a multifunctional tool.
CRISPR/Cas9 and related tools can now be used in new ways, such as changing a single
nucleotide base — a single letter in the genetic code — or adding a fluorescent protein to tag a
spot in the DNA that scientists want to track. Scientists also can use this genetic cut-and-paste
technology to turn genes on or off.
This explosion of new ways to use CRISPR hasn’t ended. Feng Zhang is a molecular biologist at
the Massachusetts Institute of Technology in Cambridge. He was one of the first scientists to
wield the Cas9 scissors. “The field is advancing so rapidly,” he says. “Just looking at how far we
have come…I think what we’ll see coming in the next few years will just be amazing.”

NGSS: HS-LS1-1, HS-LS1-2, HS-LS1-4, HS-LS2-8, HS-LS3-1, HS-LS3-2, HS-LS3-3, MS-LS1-1, MS-LS1-4, MS-LS1-5,
MS-LS2-4, MS-LS3-1, MS-LS3-2, MS-LS4-4

CITATIONS
Journal: S. Wang et al. An RNA-aptamer-based two-color CRISPR labeling system. Scientific Reports. Vol. 6,
May 27, 2016, p. 26857. doi: 10.1038/srep26857.
Journal: A. C. Komor et al. Programmable editing of a target base in genomic DNA without double-stranded
DNA cleavage. Nature. Vol. 533, May 19, 2016, published online April 20, 2016, p. 420.
doi:10.1038/nature17946.
Journal: D. A. Nelles et al. Programmable RNA tracking in live cells with CRISPR/Cas9. Cell. Vol. 165, April 7,
2016, p. 488. doi: 10.1016/j.cell.2016.02.054.

Building a Paper Model of CRISPR-Cas9

Activity
Student Handout

INTRODUCTION
“Get Ready for Genetically Engineered ‘Super Chocolate’” (Daily Mail, May 10, 2018)
“Can the Gene-Editing Technology CRISPR Cure This Debilitating Brain Disease?” (Newsweek, April 10, 2018)
“CRISPR/Cas9 Silences Gene Associated with High Cholesterol” (ScienceDaily, April 26, 2018)
“Could Gene Editing Turn You into Captain America?” (Vanity Fair, August 30, 2019)
As these headlines show, there is much excitement about CRISPR. But what exactly is it?
CRISPR-Cas9 (often shortened to “CRISPR”) is a biotechnology tool that can be used to edit the DNA in cells and
organisms relatively cheaply and quickly. Since it was first described in 2012, the CRISPR-Cas9 system has
generated much interest for its exciting potential to treat genetic diseases, defeat viruses, produce better crops,
and even bring us “super chocolate.” It has also raised concerns about food and patient safety, as well as the
possible creation of designer babies or superhumans.
In this activity, you will explore how CRISPR-Cas9 works to edit DNA by building your own paper model of the
system. You will use the paper model to learn how CRISPR-Cas9 is used to inactivate (“knock out”) genes and to
edit the sequence of genes in a more specific way. You will then explore an online model of CRISPR-Cas9 and see
how this tool is being used in current research.
MATERIALS
• copies of the paper model sheets
• scissors
• clear tape
PART 1: A Paper Model of CRISPR-CAS9
In this part of the activity, you will use the materials provided to build a paper model of the CRISPR-Cas9 system
and examine how it works. This model includes the following components:
• Cas9: a DNA-cutting enzyme called a nuclease
• Guide RNA: an RNA molecule that binds to Cas9 and allows it to find the target gene
• Target DNA: a DNA molecule that contains a “target gene” for CRISPR-Cas9 to cut
• Random nucleotides: nucleotides that can be inserted where the target gene is cut
• Donor DNA: DNA that can be used to edit the target gene in a more specific way
Building the Model
First, you will prepare the paper components to model the CRISPR-Cas9 tool.
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1. Cut out the Cas9 enzyme and the two tabs from the sheet shown in
Figure 1.

2. Place the two tabs over the rectangles outlined in white on the Cas9
enzyme. Tape down the short edges of each tab, making sure not to
put tape over the long edges. The blue outlines in Figure 2 show
where the tape pieces should go.

Figure 1. The Cas9 model sheet.

3. Cut out the two target DNA molecules, the two guide RNA molecules,
the donor DNA, and the random nucleotide pieces from the sheet
shown in Figure 3.
Figure 2. The Cas9 model with the tabs
placed in the appropriate locations and
taped down. The blue outlines show the
locations of the tape. Note that the tape
covers only the short ends of the tabs.

Figure 3. The RNA and DNA model sheet.

4. To build the CRISPR-Cas9 model, you will need to model binding the
guide RNA to Cas9. Attach guide RNA 1 to the Cas9 enzyme by sliding
it under the tabs, as shown in Figure 4.
In this model, the blue section of the guide RNA represents the part that
binds to the Cas9 enzyme. The red section of the RNA, which has a
sequence written out, represents a “targeting sequence” that is free to
bind to a complementary DNA sequence.

Figure 4. Model of CRISPR-Cas9 using
guide RNA 1. The loop on the guide RNA
should slide under the top tab, and the 3’
end of the RNA should slide under the
tab on the right.

Modeling Targeting and Binding
Your Cas9-RNA complex is now “programmed” to seek out a target DNA. Cas9 first recognizes and binds to a
three-nucleotide sequence called PAM, which occurs throughout the genome. An example of a PAM sequence is
highlighted in yellow on the target DNA in your model.
Once Cas9 binds to a PAM sequence, it unwinds the DNA. If the guide RNA matches the DNA sequence next to
the PAM, the guide RNA will bind to the complementary DNA strand. If not, the DNA will zip back together and
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Building a Paper Model of CRISPR-Cas9
Cas9 will keep binding to other PAM sequences until it finds the matching target DNA.

You will now model how the guide RNA finds its matching target DNA using target DNA 1. The target DNA 1
sequence is from a real gene called MC1R. This gene codes for a protein that affects the color of skin and hair.
5.

Slide target DNA 1 under guide RNA 1, through the rightmost tab
on the Cas9 enzyme. Line up the red targeting sequence on the
guide RNA with the complementary sequence on the target DNA,
as shown in Figure 5.
Question 1a. Write down the guide RNA 1 sequence that binds to
the DNA, and the complementary DNA 1 sequence that it binds to.
Label the 5' and 3' ends of both strands.
Figure 5. Model of the Cas9-guide RNA
complex bound to target DNA 1.

Modeling Cleaving
Once the guide RNA binds to the DNA, it activates the nuclease activity
(DNA-cutting ability) of the Cas9 enzyme. Cutting DNA is also called
“cleaving.” Cas9 always cleaves both strands of the DNA three
nucleotides upstream (toward the 5’ end) of the PAM sequence.
6. To model how Cas9 cleaves the DNA, use scissors to cut target DNA
1 along the dotted line, as shown in Figure 6. Do not cut the guide
RNA.

Figure 6. Model of Cas9 cleaving target
DNA 1.

Modeling DNA Repair
After Cas9 cleaves the DNA, cellular enzymes will attempt to repair the break. CRISPR-Cas9 takes advantage of
these repair mechanisms to alter the target gene sequence. You will now explore two applications of CRISPRCas9 that use different repair mechanisms.
First, you will model how CRISPR-Cas9 can be used to inactivate a target gene (“gene knockout”). In this case,
the cell uses nonhomologous end joining (NHEJ), a repair mechanism that is sometimes error-prone, to repair
the DNA break.
7. To model a possible outcome of NHEJ when CRISPR-Cas9 is used, tape the cut pieces of target DNA 1
together with the “Random Nucleotides” piece between them. These random nucleotides represent a
mutation that is likely to inactivate the target gene.
Question 1b. Compare the sequences in the model you just made to your answer to Question 1a. How did
the sequence of the gene change due to CRISPR-Cas9? Where was this change made (to the RNA, to one
DNA strand, or to both DNA strands)?

Question 1c. How might this change inactivate, or “knock out,” a gene?
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Next, you will model how CRISPR-Cas9 can be used to edit a target gene. In this case, the cell uses homologydirected repair (HDR), which is less error-prone than NHEJ, to repair the DNA break. HDR fixes DNA using a
template sequence, usually from a homologous chromosome. Scientists can provide a “donor DNA” as a
template to “trick” the cell into using HDR. This approach can be used to replace a mutation with a normal, wildtype sequence or to add a new gene sequence (“gene knock-in”).
8. Remove guide RNA 1 and target DNA 1 from your Cas9 enzyme, then repeat Steps 4–6 above using guide
RNA 2 and target DNA 2. The target DNA 2 sequence is from a real mutant version of a gene called MYBPC3,
which has a deletion of four nucleotides (GAGT) compared to the wild-type (functioning) gene. This deletion
causes a type of heart disease.
Question 2a. Write down the guide RNA 2 sequence that binds to the DNA, and the complementary DNA 2
sequence that it binds to. Label the 5' and 3' ends of both strands.

9. To model the outcome of HDR, place the “Donor DNA” piece over the cut pieces of target DNA 2 with the
matching sequences overlapping. Tape the donor DNA down over the target DNA pieces so that they are all
attached.
Question 2b. Compare the sequences in the model you just made to your answer to Question 2a. How did
the sequence of the mutant MYBPC3 gene change due to CRISPR-Cas9?

Question 2c. How might this change affect the mutant MYBPC3 gene?

Additional Questions
3. Briefly describe a situation in which a scientist would want to “knock out” a gene.

4. Briefly describe a situation in which a scientist would want to edit a sequence or add a new sequence for a
gene (“knock in” a gene).

5. CRISPR-Cas9 has been described as DNA scissors with a programmable GPS, or homing device. Use what
you’ve learned from your model to explain this analogy.
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Building a Paper Model of CRISPR-Cas9
PART 2: CRISPR Interactive Exploration (Optional Activity)

Launch the CRISPR-Cas9 Mechanism & Applications Click & Learn and select “How It Works.” Scroll down
through the steps to watch the animation, clicking on the buttons that appear to learn more.
1. Using the information in the Click & Learn, summarize each step of CRISPR-Cas9 in the table below.
Step

Summary

Think about the two-dimensional paper model you built in Part 1 and the three-dimensional model you saw in
the Click & Learn, then answer the following questions.
2. What is one limitation of the paper model compared to the Click & Learn model?

3. What is one limitation of the Click & Learn model compared to the paper model?

4. What is one limitation of both models compared to studying the process in an actual cell?

Biotechnology
www.BioInteractive.org

Published February 2020
Page 5 of 6

Activity
Student Handout

Building a Paper Model of CRISPR-Cas9
PART 3: Extension to the Interactive Model Exploration (Optional)

Return to the CRISPR-Cas9 Mechanism & Applications Click & Learn and select “How It’s Used.” Watch the
opening video, “A Breakthrough Technology,” then scroll through the remaining videos on the right side of the
screen.
1. Based on the video titles, select a scientist you want to study. Check the box next to your choice below.
Jennifer Doudna
David Liu
Robert Reed
Neville Sanjana
Amy Wagers
2. View the videos associated with the scientist you selected. Summarize each video in one sentence in the
table below.
Video Title

Video Summary

After viewing the videos, reflect on everything you have learned about the CRISPR-Cas9 biotechnology tool and
answer the questions below.
3. What are three things that you learned?

4. What are two things you found particularly interesting?

5. What is one question you still have about CRISPR-Cas9?
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Gene-editing kit stirs up debate over do-ityourself DNA creations
By San Jose Mercury News, adapted by Newsela staff on 01.21.16
Word Count 942
Level 1120L

Scientist Josiah Zayner, 34, uses a pipette to mix solutions for bacterial engineering in his home lab in Burlingame, California, Dec. 15, 2015.
John Green/Bay Area News Group/TNS

BURLINGAME, Calif. — Josiah Zayner is mixing liquids together on his kitchen table in
Burlingame, California. His left arm is etched with the tattoo "Build Something Beautiful." He
has a shock of dyed hair and ear piercings, and he wears a T-shirt that says “Go Ninja Go."
Instead of mixing beverages, however, the 34-year-old molecular biophysicist is working with
genes.
Genes are made of DNA, which contains instructions for how each part of the body works and is
passed on from parents to children. It works the same way in all living things.
In tiny glass containers, Zayner is cutting, pasting and stirring genes together, just like mixing a
drink. Then he slides his new creations onto a refrigerator shelf next to the vegetables.
Some Worry About Amateur Biology

This article is available at 5 reading levels at https://newsela.com.

Zayner is packaging and selling his gene-editing method for $120, and says he wants everyone to
be able to practice science. He says, "It’s a craft. You don’t have to be a genius, or go to
school.” For non-scientists, he offers lab rules, inexpensive equipment and tutorials.
Some people worry about this kind of amateur biology. They fear that if it is unregulated, new
bacteria or viruses could be released. Others are more enthusiastic; they imagine a day when
anyone could redesign the living world to create cheap drugs or clean fuels.
Moving genes from one living creature to another was once a very specialized task, and later, it
was done by more scientists, but only in big, expensive labs. Three years ago, scientists at the
University of California, Berkeley, invented a gene-editing tool called CRISPR. It stands for
clustered regularly interspaced short palindromic repeats. They are DNA sequences, the order of
life's chemical alphabet in DNA, that read similarly forward and backward. CRISPR is a cheap, fast
and precise way to edit genetic sequences, but its use is confined to academic and commercial
settings.
Bacteria, Yeast Not Dangerous Yet

Zayner models his kits on CRISPR. He is the first to market a simplified version of the tool to the
public, a project that, for now, is not dangerous. The kit has limited applications because Zayner's
altered bacteria and yeast cannot do much except change color or fragrance, or live in inhospitable
places for a short time.
This month, Zayner will leave a two-year fellowship at the National Aeronautics and
Space Administration (NASA). While at NASA, Zayner worked with synthetic biology, the design
and construction of new biological systems and functions not found in nature. His new plan is to
work full time with do-it-yourself biology.
Zayner is convinced that citizen scientists can help solve society's big problems, and says, “There
are so many brilliant and capable people that I want to show how they can do these things. They
can change the face of the world we live in.”
Computer Hobbyists Were Pioneers

He takes his inspiration from the early days of personal computing, when the Homebrew
Computer Club and other hobbyists shared what are now legendary ideas. The club was a
gathering of computer hobbyists in California in the 1970s. Many members, such as Apple's Steve
Jobs, later became leaders in personal computing.
Jacob Corn, scientific director of the Innovative Genomics Initiative research labs at the University
of California, supports Zayner's kit. Corn says that it could never be used to alter human genes and
is a good way to introduce people to the idea of editing genes. He says, "The kit is similar to
something that an undergrad at Berkeley might do in a basic biology lab course.”
Zayner's kit does raise concerns about a day when dangerous gene editing could be done without
government regulation. The idea is deeply troubling to some experts who say it could be a risk to
the environment and human health.
Scientists Urge Federal Guidelines

This article is available at 5 reading levels at https://newsela.com.

Because of these concerns, several scientists at Stanford University in California have urged
federal regulators to create better rules for biological research. They want to reduce the likelihood
of creating a tough-to-kill bacteria or virus that might escape from the lab, or be released on
purpose.
Dr. David Relman is an infectious disease expert at Stanford University. He worries that the kits
will help more people to become familiar with gene editing. Relman says, "They could someday
become skilled enough to use advanced tools to introduce less benign genes."
Relman wrote a cautionary report recently in the magazine Science. He is worried about the
growing number of labs that are developing new bacteria and viruses for research. For instance,
some scientists are creating more contagious versions of the deadly H5N1 bird flu. Others have
used a modified respiratory virus to cause cancer in mice.
Garage Tinkerers Seen As Risky

The report states that dangerous biological research can be done in small labs. Relman says, “I do
not think that we want an unregulated, non-overseen community of freelance practitioners of this
technology." Some experts wonder if it is even possible to control gene editing in animals or
plants.
Hank Greely, director of Stanford’s Center for Law and the Biosciences, says, “You’ve got guys with
B.S. degrees, in a garage.” He passed along the warning at an international summit of the National
Academy of Sciences recently.
Zayner would love a garage, but says,"It’s way too expensive." In his one-bedroom apartment,
shared with two cats, he mixes E. coli bacteria with DNA and other ingredients. E. coli is a type of
bacteria that normally live in the intestines of people and animals. Most types are harmless, but
some can make people very sick.
Zayner's work is concealed behind a closed blind, so neighbors do not get alarmed.

Writing Prompt: How do you feel about gene-editing being made available to the
public? Do you think that genetic home kits are safe and should be allowed? What
benefits do you see with this technology? What dangers do you think may exist?
Explain your reasoning.

This article is available at 5 reading levels at https://newsela.com.

