
You are a group of citizens brought together to advise the city council on a research 
project at a local university. Scientists at the university have developed a new 
application using CRISPR. The city council is interested in what local citizens think 
about the future use of this technology. Keep in mind that this issue will look different 
at the city, state, national, and international levels.

S T E P  1 :  I N T RO D U C T I O N S  A N D  B AC KG RO U N D  I N FO R M AT I O N
1 page, 10 minutes
Introduce yourselves. Share your name and your connection to the topic. Then take turns 
reading the background information aloud to the group.

S T E P  2 :  A P P L I C AT I O N  C A R D S
6 cards, 15 minutes
CRISPR is being used for a wide variety of applications. Take turns reading the front 
sides of the application cards aloud to get a sense of their range.

S T E P  3 :  C H O O S E  A N  A P P L I C AT I O N
5 minutes
Choose one of the applications to discuss in more depth. Flip that application card over 
to read more details about your chosen application.

S T E P  5 :  R E P O R T  O U T
10 minutes
Each group presents its recommendation in 2 minutes or less. Then participants can 
comment on each other’s plans.

A P P L I C AT I O N C A R D

Wheat 
Wheat is vulnerable to a variety of diseases, 
including a fungal disease called powdery 
mildew that reduces its yield and quality. 
Wheat is the most widely grown cereal crop 
in the world, with an ever increasing demand. It plays a 
fundamental role in food security, and meeting increasing 
requirements for it is a major challenge. 

Possible Gene Editing Solution:
Scientists have created a strain of wheat that is resistant to 
powdery mildew using CRISPR, and are considering adding 
other features, such as drought resistance, as well.

S U CCE SS E S: 

Interest is growing: Companies are interested in spending money on 
this type of product. They are working with scientists and hoping to bring 
drought- and fungus-resistant wheat to market in the next 5-10 years, and 
field trials are scheduled to begin in 2016. This is much faster than changes 
can happen with traditional selective breeding.

CH A LLE N G E S:

May be more complicated than expected: Traits such as drought tolerance 
involve many genes, and are subject to complex environmental interactions, 
including precipitation, heat, and soils. This might mean that the modified 
wheat would not be as drought tolerant as intended.

Perception of risk: Some consumers prefer non-GMO products, despite 
studies showing that they are safe to eat.
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A P P L I C AT I O N C A R D

Spider Silk 
Spider silk is a very useful biomaterial 
because it is so strong and elastic, but using 
spiders isn’t practical as their silk becomes 
a more in-demand biomaterial. Spider silk has an 
especially promising future in medicine. It is biocompatible, 
meaning it can be used in the human body without adverse 
reactions. It could be used for applications ranging from 
body armor to replacement hearts. 

Possible Gene Editing Solution:
Scientists have developed a way to engineer bacteria to 
make synthetic spider silk. This could make spider silk 
a practical option for many medical and non-medical 
applications.

S U CCE SS E S: 

Even better silk in the future: Now that a basic technique has been 
established for making synthetic spider silk, it should be possible to 
refine the genetic edits and improve the silk’s strength. CRISPR will allow 
scientists to do this faster and more easily.

Many applications: Synthetic spider silk could be used for a wide variety 
of applications, including artificial tendons, ligaments, skin, and bone, 
as well as safer airbags and lighter, impact-resistant and fuel-efficient 
vehicle parts.

CH A LLE N G E S:

Not as strong: This lab-grown silk isn’t yet quite as strong as the  
spider-spun variety. 
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A P P L I C AT I O N C A R D

Mosquitoes 
Mosquitoes are the deadliest animal on the 
planet. Mosquitoes carry malaria, yellow fever, 
dengue fever, Zika virus and West Nile virus. 
Traditional methods for controlling mosquito 
populations, such as insecticide spraying and bed 
nets, as well as drugs used for treatment of diseases  
like malaria, are becoming less effective over time.

Possible Gene Editing Solution:
Scientists are considering several approaches for reducing or 
eliminating disease-carrying mosquitoes. One approach would 
be to make offspring more likely to be male, which would reduce 
future populations. Another possibility involves knocking out 
genes that are important for fertility. Then the infertility-causing 
genetic change would spread through the population and cause 
a population crash. Both of these options depend on gene drive 
technology, which introduces new environmental risks. Other 
options exist that don’t require gene drives but instead depend  
on repeated releases of GE mosquitoes.

S U CCE SS E S: 

Reduces disease transmission: Fewer mosquitoes in an area means less 
transmission of diseases. If the mosquito population gets low enough, it becomes 
practically impossible to transmit diseases, even if the population isn’t zero.

Reduces the need for insecticides, bed nets, and drugs: Genetically 
engineered mosquitoes reduce the need for insecticides, bed nets, and 
treatment drugs, which are becoming less effective as mosquitoes and the 
viruses or parasites that cause the diseases adapt to them.

CH A LLE N G E S:

Could spread: Scientists do not know whether the altered gene might spread 
to other related species of mosquitoes. 

Could completely wipe out a species: It is unclear how eliminating a species 
of mosquito would affect the environment.
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BACKGROUND INFORMATION

Gene Editing Technology

How CRISPR Works

Using this technique, scientists can add, change, 
or take out genes that make up the DNA of living 
things. For example, a segment of DNA linked to an 
inherited disease could be removed and replaced 
with a segment from a healthy individual that is 
not linked to the disease. If a change is made early 
enough in an organism’s development, the change 
can be passed down to offspring. Changes that are 
made to specific cells, such as the lungs of a person 
with cystic fibrosis, would not be passed down.

The CRISPR technique is only useful when 
scientists know what gene causes the desired or 
undesired characteristic. For example, scientists 
have identified the specific mutated gene that 
alone can cause the deadly disease cystic fibrosis. 
On the other hand, a mosquito’s ability to find 
humans has not been mapped to specific genes 
and likely involves a combination of genes. Using 
CRISPR to replace the mutated cystic fibrosis gene 

with an unmutated one should be much simpler 
than changing the mosquito’s sense of smell.

Legal and Ethical Considerations

CRISPR is still a very new technology and has 
both known and unknown risks. Many of the 
useful aspects of the CRISPR technique also cause 
some concern: faster, lower cost, more accessible 
techniques may mean more people editing 
genomes, including those with less scientific or 
ethics training. Some people worry about whether 
it should be used in certain circumstances, or at all. 

Technology also often progresses faster than regu-
lations can keep up. Some policy makers recognize 
that the use of this technology is not addressed by 
current genetic modification regulations. When 
processes like gene editing happen outside of 
well-regulated settings, there are fewer tradition-
al safeguards in place to ensure compliance with 
ethical norms.

Throughout history, humans have strived 
to create better versions of existing plants 
and animals through selective breeding. 
Since the 1970s, scientists have been 
able to genetically modify living things 
by “cutting and pasting” DNA. In 2013, 
scientists developed a new technique for 
genetic modification called the CRISPR/
Cas9 system  (called CRISPR, pronounced 
“crisper,” for short). CRISPR identifies and uses repeating patterns in DNA and 
works like a search-and-replace function in a word processor. It allows scientists 
to edit genomes with much more precision, efficiency, and flexibility than they had 
with prior techniques. It is also faster, lower cost, and easier to use than previous 
technologies. Because of its potential to eliminate pests or the diseases they 
carry, or even edit human embryos, Science Magazine named CRISPR the 2015 
Breakthrough of the Year.

YOU R A PPLI C ATION :  

1. Would you like this technology to be used? If so, how? If not, why not?

• Restricted to research use? Commercialized? Used in clinical applications, if applicable? 

• What benefits do you hope will result from the use of this technology? 

• What concerns do you have about its use?  What are the risks?

2. Should the university bring this technology to market/the world? If so, how?

Generally, filing a patent is the first step whether an inventor wants to charge for the use of their discovery or allow people to use it freely. 

• Charge people who want to use it? If so, should the price be low or high? 

• Or allow people to use it freely? If so, should they insist on some restrictions on profits for companies who make products 
that use it?

3. What restrictions, if any, would you like to see them implement to maximize benefits and safety? Who should regulate/oversee 
the use of this technology? 

• The scientists themselves? The city council? The state government? The federal government or a federal agency (e.g. FDA)? 

If you have time, consider this:  
How would your answers change if it were a company developing this technology rather than a university?

A P P L I C AT I O N C A R D

HIV 
Over 35 million people are living with HIV 
globally, and about 2 million people are infected 
every year. Of this number, only about 16 million 
are receiving the treatment necessary to keep the 
condition under control. People around the world are working on 
many methods for reducing the transmission of HIV, with some 
success, so that between 2000 and 2015, new HIV infections fell 
by 35%. However, over a million people still died in 2014 due to 
HIV-related causes.

Possible Gene Editing Solution:
Scientists have developed a way to use CRISPR to make human cells 
immune to HIV by making the virus unable to enter the cells. This 
could be a way of treating HIV without the need for ongoing drugs.

S U CCE SS E S: 

No toxic side effects: The experiment showed that the technology is safe for the cells, 
with no toxic effects.

Promising for treatment: Early results suggest that this method could be used as a new 
method of treatment in the future.

No reinfection: Cells that went through this process could not  be reinfected with HIV.

CH A LLE N G E S:

Still in early stages of development: Currently, this is only a study in a petri dish. It is still 
many years away from being available as a treatment for people with HIV.

May be more complicated than expected: HIV is constantly mutating, which makes it 
difficult to treat. It’s possible that HIV could evolve resistance to edits made with CRISPR.
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A P P L I C AT I O N C A R D

Biofuels 
Fossil fuel reserves are being depleted, and 
people are looking for new reliable sources 
of fuel. Every day in 2015, the world used 
93 million barrels of petroleum-based fuel. That 
number has gone up almost every year since 1980. 

Possible Gene Editing Solution:
Scientists have come up with a way that they could 
engineer yeast to produce liquid biofuels, which could 
be used for transportation, including jet fuel. This could 
quickly and cleanly make renewable resources to meet the 
world’s transportation needs.

S U CCE SS E S: 

Reduction in risk: Currently, fuel is produced from non-renewable raw 
materials derived from petroleum in processes that are inefficient and  
pose safety risks. Biofuels from yeast would be cheaper and remove those 
safety risks.

Better method to work with yeast: The type of yeast that may be used to 
make biofuels has historically been difficult to work with. However, they were 
able to show that CRISPR could make the types of changes necessary to 
produce biofuels.

CH A LLE N G E S:

May be more complicated than expected: This research is in its very early 
stages, and it may turn out to be more complicated than expected to use 
CRISPR to make yeast that produces usable biofuels.

Other: In some cases, producing biofuels can consume more energy than 
they ultimately produce.
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S T E P  4 :  D I S C U S S  A N D  M A K E  A  R E CO M M E N DAT I O N
35 minutes
Flip to the other side of this paper to write your recommendation as a group. City 
council is specifically interested in the answers to the following questions as the 
technology gets more advanced:

1.	Would you like this technology to be used? If so, how? If not, why not?

•	Restricted to research use? Commercialized? Used in clinical applications,  
if applicable? 

•	What benefits do you hope will result from the use of this technology? 

•	What concerns do you have about its use? What are the risks?

2.	Should the university bring this technology to market/the world? If so, how?

Generally, filing a patent is the first step whether an inventor wants to charge for the 
use of their discovery or allow people to use it freely. 

•	Charge people who want to use it? If so, should the price be low or high? 

•	Or allow people to use it freely? If so, should they insist on some 
restrictions on profits for companies who make products that use it?

3.	What restrictions, if any, would you like to see implemented to maximize the 
benefits and safety of editing this genome? Who should regulate/oversee the 
use of this technology? 

•	The scientists themselves? The city council? The state government? The 
federal government or a federal agency (e.g. FDA)? 

A P P L I C AT I O N C A R D

Bees 
In February 2016, the UN released a report 
about pollinator species that are at risk of global 
extinction, which includes nearly 2,000 species 
of bees. Bees are an important part of ecosystems all 
over the world. They play a critical role in agriculture, with 35% of 
global crops depending on animal pollinators like bees. Over the  
last 10 years, more and more bees have been lost.

Possible Gene Editing Solution:
It is not clear yet what is causing so many bees to die, but possibilities 
include disease, parasites, and pesticides. Scientists have been 
studying the genomes of ‘hygienic’ bees, which obsessively clean their 
hives and remove sick and infested bee larvae. Hygienic colonies are 
less likely to die out from disease or parasites. If scientists can identify 
the hygienic genes, they can use CRISPR to copy them to other types 
of bees to help the bees survive.

S U CCE SS E S: 

New option to save bees: Many people, including scientists, the Environmental 
Protection Agency, and the Department of Agriculture, as well as their counterparts all 
over the world, have been trying for years to combat the loss of bees with little success. 
Modification with CRISPR may give the bees a way to survive.

CH A LLE N G E S:

Complex genetics: No genes associated with hygiene have been definitively identified. 
The combination of genes driving the behavior may turn out to be complex. It is not clear 
whether changing the hygienic genes might cause other behavior changes in the bees.

Conventional breeding may be enough: If hygiene-associated genes are identified, 
conventional breeding may be enough to spread resistance to new populations, 
potentially making CRISPR unnecessary.
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YOU R A PPLI C ATION : �

1.	Would you like this technology to be used? If so, how? If not, why not?

•	 Restricted to research use? Commercialized? Used in clinical applications, if applicable? 

•	 What benefits do you hope will result from the use of this technology? 

•	 What concerns do you have about its use?  What are the risks?

2.	Should the university bring this technology to market/the world? If so, how?

Generally, filing a patent is the first step whether an inventor wants to charge for the use of their discovery or allow people to use it freely. 

•	 Charge people who want to use it? If so, should the price be low or high? 

•	 Or allow people to use it freely? If so, should they insist on some restrictions on profits for companies who make products 
that use it?

3.	What restrictions, if any, would you like to see them implement to maximize benefits and safety? Who should regulate/oversee 
the use of this technology? 

•	 The scientists themselves? The city council? The state government? The federal government or a federal agency (e.g. FDA)? 

If you have time, consider this:  
How would your answers change if it were a company developing this technology rather than a university?


