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Much like humans, plants suffer from all kinds of diseases. In our lab,
we study the immune system of plants. Using a technology called
CRISPR, which enables us to edit the DNA of different creatures,
we made changes in the plant immune system, with the goal of
strengthening it. We succeeded in strengthening the plant immune
system, and produced plants that are more resistant to diseases.
Producing plants with a more active immune system could help us
deal with plant diseases and improve agricultural crops.

Plants are the basis of the living world. Look around and try to guess
how many products that you use daily are made from plants... you
will be surprised! Plant products include the foods we eat, such as
vegetables, fruits, nuts, and wheat products ranging from flour and
bread to snacks. But not only that—all the animal foods that some
of us eat, including meat and animal products like milk or cheese,
are dependent on plants, because animals eat plants. Think about
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IMMUNE SYSTEM

The collection of things
(organs, cells,
molecules, etc.) that
defends an organism
against the invasion of
disease-causing
organisms, such as
bacteria, viruses, fungi,
or parasites.

PROTEIN

A molecule made of
microscopic building
blocks called amino
acids, which are
determined by the
sequence of the gene.
Proteins can act like
tiny machines and
perform different tasks.
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everything related to the wood industry: furniture, paper, and rubber.
Cotton textiles are produced from the cotton plant, and some textiles,
including silk and wool, are products of animals that feed on plants.
These are just some of the examples of how important plants are!

Just like humans, plants can get sick. There are different kinds
of bacteria, viruses, fungi, and insects that cause plant diseases.
For example: insects eat the plants until they can no longer hold
themselves upright, causing them to fall over and die, or, some insects
‘just” snack on their fruits—and no one wants to eat an apple with
a worm in itl Insects and fungi cause the decomposition of plant
structures, and viruses can cause the yellowing and destruction of a
plant’'s organs. Sick plants do not grow normally and are not able to
obtain nutrients from the ground or energy from sunlight; therefore,
they do not produce the leaves, fruits, or seeds that we eat or use in
various industries.

Plant diseases cause a yearly destruction of over 60% of the world's
agricultural crops, which include vegetables, fruits, and grains. For this
reason, itis important to study and understand plants’ immune system
to help prevent plant diseases and to decrease damage caused by
these diseases. This will help us grow plants that are healthier and
produce more yield.

Unlike animals, plants cannot run away from a threat. They are planted
in place, and do not have the option to change their environmental
conditions. Animals have special proteins, called antibodies, which
can identify elements from invaders, like viruses, fungi or bacteria.
When the antibodies identify an intruder, among other things, they
recruit killing cells, which destroy the intruder. When we receive a
vaccine, we are teaching the body to create antibodies against an
intruder, which it has not yet met, so that our immune system will
respond efficiently when we do encounter that intruder. Plants do
not have antibodies or killing cells like people do. The plant immune
system uses other methods to defend against diseases and pests [1-4],
like the ability to inform neighboring cells about the presence of a
disease-causing organism, or the ability to cause an infected cell to
‘commit suicide” in order to avoid spreading the disease to the rest
of the plant. Basically, with some exceptions, each of the plant’s cells
has these important disease-fighting abilities. Additionally, plants can
strengthen the walls of their cells to prevent invasion and can create
substances that are toxic to intruders. In our lab, we study the defenses
that the plant immune system uses against intruders, and we try to
produce plants that are more resistant to diseases.

CAN WE "VACCINATE" PLANTS?

Some of the research questions in our lab include: "How do plants
identify the disease-causing organisms that attack them?”; “Why do
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BIOLOGICAL
CONTROL

An intentional human
intervention aimed to
eradicate
disease-causing
organisms, using other
organisms. Examples
include spreading
beetles that feed on
other insects that harm
crops or using fungi or
bacteria that do not
cause disease to
activate the plant
immune system.

DNA

Deoxyribonucleic acid;
a huge molecule
present in every cell,
which contains the
information for
creating that organism.

GENE

A short section of DNA
that carries the
information that
determines a specific
trait of the organism.
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certain organisms, such as the fungus Fusarium graminearum, cause
a lethal wilting disease only in wheat and barley, while another fungus,
Botrytis cinerea, causes gray mold disease in over 1,400 different plant
species?”; and "Why are there tomato plants in our greenhouse that
develop a severe disease, causing decomposition and loss of leaves,
flowers, and fruits, while other plants near them, of the same species,
remain perfectly healthy?”

We can partially control plant disease by spraying plants with
chemical substances, but these substances are harmful for us and
for the environment, sometimes irreversibly. Therefore, it is extremely
important to find other human- and environment-friendly ways to
reduce the harm from plant diseases. One of the solutions is biological
control, which is the use of living organisms to protect plants. One
type of biological control is based on creating a kind of a “vaccine” for
the plant, by introducing microorganisms (such as bacteria or fungi)
that can activate the plant immune system, but do not cause disease.
As aresult, the plant’'s immune system is in a state of “alertness,” so that
when the plant does encounter the actual disease-causing organism,
it will respond more quickly and strongly against it, and therefore will
not get as sick.

CRISPR, USING BACTERIAL TRICKS FOR HUMAN
BENEFIT

What if we could “vaccinate” plants by changing their DNA so that their
Immune system is more active? You may already know that DNA is the
genetic material of an organism, made up of many smaller sections
called genes, each of which contains the instructions for a different
part or tool of the organism. DNA is passed down from parents to
their offspring, so any changes made in the DNA of the parent will also
be present in the DNA of the offspring. However, how can we make
changes to the genes that make up the plant immune system?

Recently, a new technology called CRISPR (which is short for
“clustered reqularly interspaced short palindromic repeats”) was
developed [5]. This technology allows scientists to make changes in
an organism’s DNA, and “edit” its genes. CRISPR is based on a natural
phenomenon occurring in the immune system of some bacteria.
Scientists discovered the CRISPR system and adapted it for use in
other organismes.

Here is how CRISPR works in bacteria: When a virus attacks a
bacterium (or any other creature, including a human), it injects its
genetic material (for some viruses, it is DNA and for others it is
RNA) into the bacterial cell, so that the bacterium will make copies
of the virus's genetic material (Figure 1A). This eventually causes
the death of the bacterium. CRISPR is a section of DNA present in
certain bacteria that is used to defend them against bacteria-attacking
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Figure 1

CRISPR

protects bacteria from
viral attack. (A) A virus
attaches to a bacterium
and injects its genetic
material into it. (B) The
bacterium inserts
pieces of the virus's
genetic material into its
CRISPR library. (C) The
bacterium creates
CRISPR-segments from
its CRISPR library, along
with scissor-like
proteins. (D) If a
CRISPR-segment
matches the genetic
material of an invading
virus, it recruits the
scissor-like proteins,
which cut up the viral
genetic material,
ending the virus's
attack.

Leibman-Markus and Bar Plant Immunity for Human Benefit

D

>

Figure 1

viruses. These bacteria developed an acquired immune system that
learns to identify genetic material of viruses and destroy it, and this
knowledge is inherited to the bacterium’s offspring (daughter cells).
CRISPR is actually a “library” of DNA fragments that were cut from
the genetic material of all sorts of viruses that the bacterium, or one
of its ancestors, met in the past. Along with this library of previously
encountered virus's DNA fragments, the bacteria also has genes for
the production of scissors-like proteins that can chop up genetic
material (Figure 1B). The bacterium creates CRISPR-segments from
each virus-specific fragment of the CRISPR library, and these segments
float around in the cell, waiting to protect the bacterium from any
future viral infection (Figure 1C). When the bacterium is infected
with a virus, the CRISPR-segment that matches the genetic material
of that particular virus sticks to the viral genetic material, identifies
that it is from a virus, and tells the scissors-like proteins to chop
up the virus's genetic material (Figure 1D), so that no new viruses
are produced!

Today, scientists have learned how to use the CRISPR system from
bacteria to accurately identify and change chosen regions of the DNA
of any organism—plants, animals, or human cells. They do this by
inserting a CRISPR-like system into the organism who's DNA they
want to change; only this time, instead of a library of viral genetic
material fragments, they put a DNA segment of the gene they want
to change. This way the CRISPR-segment will stick to that gene and
the scissors-like proteins will cut it. When the organism will try to repair
the cut, it will lead to a change in that gene. And this is exactly what
we did to boost the immune system of plants!
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Tomato leaves infected
with gray mold (B.
cinerea) and the moth
T. absoluta. (A) Tomato
leaves of untreated
plants are susceptible
and develop severe
symptoms. (B) The
same tomato species,
in which we used the
CRISPR technology to
change an important
gene of the plant’s
immune system. The
CRISPRed plants are
more resistant and
barely have any
symptoms.
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In our lab, we study tomato plants to learn about the immune system
of plants in general. We aim to create a tomato plant that is more
resistant to diseases and reduce the loss of crops and the need to
use chemical control substances. To achieve this goal, we used the
CRISPR technology on an important gene involved in the tomato
plant’s immune system, and changed it [6]. This gene takes part in
the recognition of a disease factor, and in the activation of the plant’s
Immune system in response. Normally, without an invader, the plant
Immune system is not active. Due to the change we made in this gene
using CRISPR, it acts as if it senses an invader all the time. In fact,
using CRISPR technology, we changed the tomato plant’s DNA so that
the plant’'s immune system was always alert, even in the absence of a
disease-causing organism! In a way, the plantis “vaccinated.” Since the
plant's immune system is pre-activated, when the plant is attacked, it
can defend itself more quickly and strongly. As a result, the plant will
get less or no disease. The activation of the plant’'s immune system in
this way does not take the plant’'s energy away from the production of
fruits, so the crop yield is not reduced.

We tested whether this “vaccination” of the tomato plant’'s immune
system using CRISPR technology was able to protect the plant from
diseases. Normal tomato plants are susceptible to the gray mold
fungus (B. cinerea) and to a harmful moth called Tuta absoluta (Figure
2A). The plants in which we performed the genetic change were more
resistant to diseases caused by these two organisms, and therefore the
amount of plant tissue that was harmed by the fungus or the moth was
much smaller (Figure 2B).
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SAVING THE PLAN(E)T

Plants are susceptible to many different diseases that can damage
or kill them and decrease the amount of yield that they produce for
humans and other animals. By using the gene-editing technology
called CRISPR, we were able to change an important immune related
gene. This change is boosting the immune systems of plants, resulting
in a reduction in both the decreased crop yields caused by plant
diseases, and the environmental damage that results from the use
of chemical control substances. Furthermore, if we can determine
which immune mechanisms are activated in the resistant plants in
our experimental systems, we will gain new insights into the function
of the immune system of plants, a topic that is still not completely
understood. In the future, the knowledge we gain from using the
CRISPR technology in various agricultural species will help us to
increase crop production, toward ensuring a sufficient supply of
all the plant-derived products for the use of humans and animals
on earth.
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