Excerpt from

The Power of CRISPR

The Lawrence Innovative
Hall of Seience 5 el = LaB-aiDS

IIIIIIIIIIIIIIIIIIIIII » BERKELEY®



ii

GORDOMN AND BETTY

MOORE

FOUNDATION

BURROUGHS
WELLCOME

FUND=

This project is funded in part by the Gordon and Betty Moore Foundation through Grant
GBMF7776 to the University of California, Berkeley.

This project is funded in part by the Burroughs Wellcome Fund through Grant 1018377 to the
University of California, Berkeley.

The preferred citation format for this publication is Lawrence Hall of Science and the
Innovative Genomics Institute (2022). The Power of CRISPR. University of California at
Berkeley. Lab-Aids, Inc.

© 2022 by The Regents of the University of California. All rights reserved. No part of this
publication may be reproduced or transmitted in any form, or by any means, electronic or
mechanical, including photocopy, recording, or any information storage or retrieval system,

without permission in writing.

ISBN: 978-1-63093-726-3
vl

P330-TG
Print Number: 01
Print Year: 2021

Developed by the Lawrence Hall of Science at the University of California, Berkeley, in
partnership with the Innovative Genomics Institute at the University of California, Berkeley

and the University of California, San Francisco.

Cover art: Cas9 (green) and guide RNA (gold) bound to a target DNA site (blue), making a cut
in each strand (white flashes). Copyright © 2022, Janet Iwasa, for IGI.

The Lawrence Innovative
Hall of Science § Genomics

Institute
UNIVERSITY OF CALIFORNIA, BERKELEY®

Berkeley, CA 94720-5200 University of California at Berkeley
www.sepuplhs.org 2151 Berkeley Way
Berkeley, CA 94720-5200
https://innovativegenomics.org/

Published by

LaB-aiDS

17 Colt Court
Ronkonkoma, NY 11779
www.lab-aids.com



LAWRENCE HALL OF SCIENCE DEVELOPMENT TEAM

Maia Binding

Lee M. Bishop, PhD
Ardice Hartry, PhD
Ari Krakowski, PhD

Kathryn Quigley
Carissa Romano
Jacqueline Ryan
Nicole A. Shea, PhD

INNOVATIVE GENOMICS INSTITUTE DEVELOPMENT TEAM

Emeric Charles, PhD
Kevin W. Doxzen, PhD
Lucas B. Harrington, PhD

Megan L. Hochstrasser, PhD
Robert J. Nichols, PhD
Denish Piya, PhD

SPECIAL THANKS TO

Lynn Barakos

Rena Dorph, PhD
Jennifer A. Doudna, PhD
Christy George

Ben Koo, PhD

Michelle Z. Rodriguez
Cassandra Trimnell
Mark Walters, MD
Salina Yun

FIELD-TESTED BY

Melanie Bouzek, Solon Public Schools, IA

Wes Crawford, Summerlin Public Schools, OR
Heather Fischer, Dublin City Schools , OH

Caroline Franek, Bolingbrook Public Schools, IL
Donna Parker, Dublin-Coffman Public Schools, OH
Nick Pleskac, Berkeley Unified School District, CA
Dawn Posekany, Solon Public Schools, IA

Sarah Ward, Albany Public Schools, CA

PRODUCTION

Layout and Composition: Kristine Rappa

Production Coordination and Development for Lab-Aids:
Hethyr Tregerman and Mark Koker, Ph D

Editing: Jennifer Davis-Kay

This CRISPR-Cas9 kit is to be used solely for educational teaching at the grades K-12 or
undergraduate level and is not to be used in any research, whether academic or in
collaboration with a third party. Any purchaser or recipient of this CRISPR-Cas9 kit
acknowledges that the kit may only be used for grades K-12 or undergraduate teaching
purposes and, by purchasing or accepting this kit, you agree to be bound by these terms and
restrictions on use. Commercial licenses are available from Caribou Biosciences, Inc.
(email: licensing@cariboubio.com).

iii



Name: Date:

Article Introduction: The Ethics of CRISPR

In 2012, scientists developed CRISPR, a new gene-editing technology. However, the debate
around whether scientists should edit organisms’ genes has been around much longer.
Scientists have been manipulating genes since the 1970s. Since that time, scientists and others
have debated how and when this technology should be used. As technology improves, it
becomes even more necessary to ask questions like these:

* Should people be able to edit organisms’ genes!?

* If people are able to edit organisms’ genes, who should be able to do it, which organisms’
genes should be edited, and for what purpose?

* How might changing an organism’s genes affect the environment and future generations?

*  Will gene editing be accessible to all people or to just a select few?
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Article: Disease-Resistant Rice

There are over 7 billion people living on Earth today, and that number is expected to reach nearly 10 billion
by 2050.With an increasing population, providing enough resources, such as food, is a growing concern. One
way to increase the amount of food is to make it easier to grow.This could include producing crops that grow
faster, use fewer resources to grow, or resist disease or environmental changes, such as droughts. These types
of changes may be possible using CRISPR, a gene-editing technology that allows scientists to change plant
traits by changing the DNA inside plant cells.

_— P

Rice is a critical food source for more than 3 billion people worldwide, with rice consumption reaching nearly
500 million tons in 2019. It is projected that 650 million tons will be needed in 2050 to feed the increasing
world population. Even though the need for rice is increasing, rice yield has been declining due to the
emergence of pests and plant diseases, climate change, and other environmental issues.

Rice Blast Fungus

Rice blast fungus is the most destructive rice disease in the world. It kills 10-30% of all rice crops produced
every year. One standard method for dealing with this disease is spraying fungicide. However, fungicides can
have negative effects on the environment. In addition, blast fungus can become immune to fungicide over time,

forcing scientists to create new fungicides.

Another method for combating blast fungus is to create strains of rice that are resistant to the fungus.To do
this, scientists look for ways to change the rice plants’ genes to give them the trait of blast fungus resistance.
If rice plants had that gene, there would be no need for fungicide.
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Article: Disease-Resistant Rice (continued)

Fighting Blast Rice Fungus with Mutagenesis

Long before scientists even knew about genes, farmers were practicing artificial selection in order to breed
plants with the traits they most desired.This involves choosing plants with a particular trait and allowing
them to reproduce.When those plants have offspring, the farmer would again choose the plants with the
desired trait and allow them to reproduce. Since many traits are passed down to the next generation, this can
eventually lead to an entire crop of plants having the desired trait.

Artificial selection requires either that a trait already exists in a population or that it comes about through a
mutation.There is a low chance of having a particular trait come about by a mutation naturally, so scientists
expose seeds to radiation to cause more mutations and a greater variety of traits. This is called mutagenesis.
During this process, mutations occur randomly throughout the plant’s genome. Some of these mutations
lead to desirable traits, others cause undesirable traits, and still others make no changes to a plant’s traits. If
a scientist finds plants with the trait they are interested in, they select those plants to reproduce.Through
this process, many new strains of rice and other crop plants have been developed, including some that are
resistant to the blast fungus.

RICE SEEDS

OFFSPRING WITH DESIRED TRAIT

To cause mutations, scientists shine UV light on seeds. They grow the seeds, look for traits they desire, and
then allow those plants to reproduce.
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Article from The Power of CRISPR —Lesson 6

Article: Disease-Resistant Rice (continued)

Fighting Rice Blast Fungus with CRISPR

More recently, CRISPR has been used to create strains of rice that are resistant to rice blast fungus. Using
CRISPR to grow rice with specific desired traits is much more efficient than mutagenesis. While mutagenesis
involves making many random changes throughout the genome, scientists can use CRISPR to precisely target
their gene edits. Even though CRISPR can lead to off-target effects (unintended changes to other genes than
the one of interest), the likelihood of off-target effects when using CRISPR in plants has been found to be low.
Also, unlike with human patients, researchers can keep trying to make their desired edit until they generate a
plant with the right change and no detectable off-target edits. As of 2021, disease-resistant rice produced via

CRISPR technology is still undergoing testing and has not been approved for commercial release.

The effects of human interventions are not always predictable, especially when it comes to ecosystem
changes. Using CRISPR to make disease-resistant crops may have future negative effects by ultimately
decreasing the resilience of crops to environmental change. Crops with the edited genes may be more
robust and outlive other crop varieties, leading to large areas that contain just a single variety of crop plant.
This is known as a monoculture. Monocultures are vulnerable to diseases and other environmental changes.
For example, if a farm has identical rice plants,a new pathogen can very quickly wipe out the entire harvest.
Having a diversity of plants with different traits increases the chances that some will be resistant to the

pathogen and will allow for the survival of some plants from a crop.
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