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Glossary
Aliquot: A fraction of a sample with a specific volume. Example: The 20 ml sample was
divided into four 5 ml aliquots.
Antibiotic Resistance: The ability of a particular strain or group of bacteria to prevent an
antibiotic from adversely affecting the bacteria.
Apoptosis: The process of a cell committing suicide.
Bacterial Speck Disease: A plant disease caused by infection of the plant by bacteria.
Conjugation: The process by which two bacteria in close proximity exchange a piece of DNA
through a hollow tube-like structure called a pilus. This is also called bacterial mating.
Diluent: Any liquid used to dilute a solution.
Effector proteins: Proteins that are injected by bacteria into the cells they are attacking through
the type III secretion system. Effector proteins are very diverse and help the bacteria
cause disease in the plant.
Horizontal gene transfer (HGT): The transfer of genetic information between different
species.
Hypersensitive response (HR): Suicide, or apoptosis, of infected cells, which is stimulated by
the recognition of effector proteins by resistance proteins, in order to stop the
spreading of a pathogen.
Pathovar: A subset of a species of bacteria identified by the plant it can infect. It is abbreviate
pv. Example: P. syringae pv. tomato infects tomato plants, while P. syringae pv. tabaci
infects tobacco and P. syringae pv. phaseolicola infects bean plants.
Pilus: A tube of protein that bacteria use in conjugation to exchange genetic material.
Pseudomonas syringae: A bacteria that is a plant pathogen of economic importance. It causes
bacterial speck disease on plants.
Recombination: The combining and rearrangement of DNA. Often occurs during mating.
Resistance proteins: Proteins made by a plant cell that recognize specific bacterial effector
proteins. Recognition of effector proteins by the resistance proteins triggers apoptosis
in the plant cell.
Serial dilutions: A method of making a set, or series, of dilutions wherein a previous dilution is
used as the starting point for making the next dilution.
Transduction: The transfer of DNA to bacteria by a virus.
Transformation: The process by which bacteria picks up a piece of DNA from its surroundings
that is left over after another cell has died.
Type III secretion system: A highly specialized apparatus used to inject effector proteins. The
type III secretion system works like a syringe to inject effectors directly into the target
cell.
Ubiquitous: A descriptive word that describes something that is everywhere.
Yersina pestis: A pathogenic bacteria that causes the bubonic plague in humans.
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Introduction to the Pseudomonas-Plant Interactions
Plants, like people, get sick. They are attacked by many different microorganisms including
bacteria, fungi, viruses, and nematodes (small worms). Plant pathology is the field of biology
that studies plant pathogens and the diseases they cause. Pseudomonas syringae is a plantpathogenic bacterium that causes bacterial speck disease on plants. During these modules,
students will learn about this well-studied plant pathogen. They will also have many
opportunities to follow along and connect with current scientific research on Pseudomonas
syringae though on-line resources.
It is an exciting time to study biology. Genomics, or the study of the entire genome of an
organism, allows scientists to better understand an organism’s biology and its interactions with
other organisms. The Pseudomonas-Plant Interaction (PPI) project is a large research project
currently being conducted by many scientists across the country. Its goal is to study the
genomics of Pseudomonas syringae and how it interacts with the tomato plant. During these
modules, students will have access to the Pseudomonas-Plant Interaction project and the people
behind it, as well as learn about the basic biology of P. syringae and other bacteria. We also
hope to integrate an important science and social lesson in each exercise. We hope the PPI
project can serve as a model research program for the students, and give them a taste of how
science is carried out in the “real world.”

Module 1
Pseudomonas syringae and the Hypersensitive Response
The bacteria Pseudomonas syringae causes bacterial speck disease on tomato plants and causes
significant crop loss every year. The symptoms of bacterial speck disease are small brown
lesions on tomato leaves. The bacteria are spread from plant to plant by water splash and enter
the plant through the stomata. The species P. syringae is divided into pathovars because the host
range of individual bacteria can vary. The pathovar designates the host plant and is indicated by
the pv. following the species name. For instance, P. syringae pv. tomato, which you are working
with today, infects tomato plants. Most other types of plants are resistant to this pathovar. There
is also P. syringae pv. tabaci that infects tobacco and P. syringae pv. phaseolicola that infects
bean plants.
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Like people, individual plants respond differently to pathogens like P. syringae. They can either
become diseased (susceptible) or be resistant. When P. syringae lands on a plant that is
susceptible, disease develops. P. syringae is not able to infect every plant because some are
resistant. They are resistant because the plant realizes early on it is being infected and triggers a
hypersensitive response (HR) defense. The hypersensitive response is suicide, or apoptosis, of
the infected cells in order to stop the pathogen from spreading. It essentially cuts off the
bacterium’s food supply. Normally, only a few plant cells are required to apoptose to prevent the
P. syringae infection. In this case, there is no change in the leaf that is visible to the naked eye. If
the bacteria are present in larger numbers, as they would be if we took a solution of bacteria and
injected it into the leaf, it is possible that so many plant cells commit suicide that there are not
enough cells remaining to maintain healthy tissues. In this case, the HR results in brown lesions
(due to dead cells) on the leaf in the area where the bacteria were injected.
At first glance, this region may look similar to one caused by disease, but due to the HR response
the bacteria will be unable to spread to the rest of the plant. Though HR may seem strange
because the plant is killing its own cells, it is analogous to unpleasant human responses to
infection, such as fevers, rashes, and allergic reactions. Plants do not have an immune system
like the one in humans and have different ways of fighting off pathogens. They also release
toxins and strengthen their cell wall when they are being infected.
Why are some plants resistant and some susceptible?
When bacteria try to infect a plant what is actually occurring is a “war of molecules”. Disease or
resistance is brought about by a series of complex interactions between pathogen and host
molecules. When Pseudomonas syringae infects a plant it injects many different molecules,
called effectors, into the plant cell. Effector molecules are very diverse and help the bacteria
cause disease in the plant. To inject effectors, P. syringae uses a highly specialized apparatus
called the Type III secretion system. The type III secretion system works like a syringe to inject
effectors directly into the plant cell. This system is used by many bacterial pathogens, such as
the bubonic plague pathogen Yersinia pestis, to infect their hosts.
If special plant molecules, called resistance proteins, are able to recognize the “foreign”
bacterial effectors, the plant will know it is being infected and HR will be triggered. This will
kill the bacteria and the plant will be resistant. If this recognition does not occur, the bacteria can
grow normally and disease will develop.
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What happens
when P. syringae
infects a…?

Susceptible Plant

Resistant Plant

P. syringae can infect
these plants and cause
bacterial speck disease. It
injects molecules called
effectors into the plant
that cause disease.

P. syringae cannot infect
these plants. The plant is
resistant due to the HR
defense. The plant turns on
HR because it has resistance
proteins that recognize the
bacterial effectors. This
recognition tells the plant it is
being ‘invaded’ and that it
should ‘arm’ itself.

Plants have different sets of resistance proteins and P. syringae strains have different effectors,
so in certain combinations disease still occurs. Current research is focused on the specific
interactions between effectors and resistance proteins and how this can lead to increased disease
resistance. In the Pseudomonas-Plant Interaction Project, one goal is to use genomics to identify
all of the effector molecules made by P. syringae.
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Summary
•

P. syringae pv. tomato causes bacterial speck disease on susceptible hosts, such as
tomato.

•

P. syringae pv. tomato causes the hypersensitive response (HR) on resistant hosts.

•

A hypersensitive response is suicide of the infected cells in order to prevent the pathogen
from spreading.

•

P. syringae injects effector molecules into the plant cell to cause disease.

•

Plants have resistance proteins that recognize effectors and turn on the HR response.

•

If the plant does not have the correct resistance proteins to recognize the effector, disease
will develop.

Experimental Techniques: Making Dilutions and Estimating Area
Making Dilutions
Making a dilution of a solution is relatively straightforward; simply add an amount of the sample
to be diluted to an amount of the solution that the sample is suspended in (the diluent). The
amount the sample is diluted is based on the ratio of the volume of solution added to the total
final volume of the dilution (the volume of solution plus diluent) as exhibited in the equation
below:

Final Concentration = Initial Concentration x Dilution Factor
Dilution Factor =

Volume of Original Solution Added
(Volume of Original Solution Added +Volume of Diluent)

For example, if 1 ml of solution is added to 1 ml of diluent (final volume = 2 ml), the resulting
dilution would have half of the concentration of the original solution. It is quite easy to dilutions
in the range of 1:10 or 1:100. It becomes impractical to do dilutions with a large dilution factor,
such as 1:1,000 or 1:1,000,000 in a laboratory setting, due to the fact that an impractically small
volume of solution (nanoliters) must be added to an impractically large volume (swimming
pools) of diluent.
A good way to get around this is by making serial dilutions. To make serial dilutions, first set
up a number of tubes that contain a specific amount of diluent (determined by the amount you
want to dilute your sample by, see below). Next, take an aliquot from the suspension of bacteria
(or whatever you are diluting) and add it the first of the tubes containing diluent (in this case we
are using water). Then take an aliquot (of equal volume) from the first tube, and add it to the
second tube of diluent. You can then take an aliquot from the second tube and add it to a third
tube.
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In the first example below, if you set up your tubes A, B, and C with 5 ml of water each and
added 5 ml of bacterial solution to tube A, then transferred 1 ml from tube A to tube B, and then
transferred 1 ml from tube B to tube C you would end up with a series of one to two dilutions.
The bacterial solution would have twice the concentration of bacterial as tube A, tube A would
have twice the concentration as tube B, and tube B would have twice the concentration as tube C.
If 1 ml of the bacterial solution was serially diluted with tubes containing 9 ml of water, each
tube would have 1/10th the concentration of the previous tube.

5 ml

5 ml

5 ml

Bacterial
Solution

Tube A

Tube B Tube C

1x

1/2 x

1/4 x
1/8 x
(1/2 * 1/2) (1/4 * 1/2)

1 ml

Bacterial
Solution
1x

1 ml

Tube A
1/10 x

Concentration

1 ml

Tube B

Tube C

1/100 x
1/1000 x
(1/10 * 1/10) (1/100 * 1/10)

Concentration

1:2 Dilutions
Tube A, B, and C start with 5 ml of
5 ml are transferred
water.from each tube.

1:10 Dilutions
Tube A, B, and C start with 9 ml of
1 ml is transferred
water.
from each tube.

Estimating Area
In this experiment, you will also have to estimate the size of the area of the leaf that you see
exhibiting a HR. It is easy to determine the area of a regular shape, such as a square or circle. It
is harder to determine the area of an irregular shape, such as the area on a leaf that exhibiting
HR. One method of determining the area would be to measure the dimensions of the irregular
shape and calculate its area as if it were a regular shape, such as a circle or square. The problem
with this method is that it assumes that it is roughly the same as the regular shape, and the
differences between the two shapes introduce error into the calculation of area.
You can use paper and a balance to more accurately estimate the area of an irregular shape.
First, trace the irregular shape on a piece of paper and then cut your shape out. Then cut out a
square of paper that is roughly the same size as your shape. Next, weigh both pieces of paper.
You can then determine the area of your irregular shape using the following formula:
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Area of
Irregular Shape

=

Area of Regular
Shape

x

Mass of
Irregular Shape
Mass of Regular
Shape

The Process of Science: Model Systems and Why We Study P. syringae
The number and diversity of organisms in the world is staggering. As biologists, we try to
understand how each of these organisms has evolved and interacts with its environment and
other organisms. To cope with the fact that there are far more organisms to be studied than
biologists to study them, scientists use “model systems”. A model system is a particular
organism that is studied in great detail as a representative of other organisms like it. Instead of
studying each organism individually, we study model systems and make inferences about what
happens in other similar organisms. For instance, E. coli is a model bacterium because it is easy
to study, an important pathogen, and it teaches us about biological processes common to many
bacteria.
To be chosen as a model system, an organism must be part of an interesting group of organisms,
be accessible to all scientists, and have characteristics that make it easy to work with in the
laboratory. For example, Arabidopsis thaliana was chosen as the model plant species for
genetics because it has a short life cycle, is physically small and easy to grow, and has a small
genome. P. syringae is a model for bacterial pathogenesis. It is safe to work with because it is a
plant pathogen, and can tell us about how bacteria like Yersinia pestis infect human beings.
Science and Society: The Bubonic Plague!
Pseudomonas syringae and Yersina pestis both use the type III secretion system to attack cells.
The major difference, though, is that P. syringae infects plant cells, while Y. pestis uses the type
III secretion system to attack animal cells, including those of fleas, rats, and humans. In the mid
1300’s Y. pestis infection was an epidemic in Europe. At the time, though, the fact that
microorganisms cause disease, let alone the specifics of the Y. pestis bacteria or its type III
secretion, were quite unknown. At the time, the disease was simply known as the bubonic
plague or the Black Death.
During the 1300’s, the bubonic plague devastated Europe. Between 1347 and 1352, the plague
killed roughly 25 million people. This is thought to have been somewhere between 25-50% of
the total population of the region at the time.
The bubonic plague is thought to have entered Europe through the city of Caffa. A trading
settlement along the black sea set up by Italian merchants from Genoa, Caffa was a walled city
used as a way station in the shipping of goods from Asia to Europe. In 1346, disagreements
between the Italian merchants and the local Turkish population, known as the Tartars, escalated
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into violence. The Italians were forced to retreat within the walls of Caffa, and the Tartars laid
siege to the settlement.
The siege went on for a number of days and the Italians were running low on supplies.
Suddenly, the besieging army was thrown into disarray. The plague had broken out in the Tartar
army! It ran rife through the Tartar camp, killing thousands of troops a day. With the majority
of his men ill or dead, the Tartar commander was forced to withdraw.
The Tartar commander was not willing to give up entirely, though. Before withdrawing, he
ordered that the corpses of plague victims be catapulted into the city. Even though the Italians
burned or buried them as quickly as they could, but it was no use. The plague spread rapidly
through Caffa. In an attempt to escape, the Italians fled by sea back to Genoa.
The Italians were able to escape from the Tartar’s, but not from the disease. The ships that
arrived in Genoa were filled with the dead and dying. When the residents of Genoa realized
what was wrong with the ships they either drove the ships off or set them afire. The damage had
been done, though, and soon the plague had Genoa in its grip.
People fleeing by boat from the plague in Genoa actually spread it up and down the Italian coast.
By the end of 1347, the movements of merchants and refugees had spread the plague much
further, reaching through France, Spain, and Greece. By 1350, it had even spread to England,
Ireland, and Sweden.
What causes the bubonic plague? In the 1300’s there was no real understanding of
microorganisms. The people of the time had many explanations for the plague, trying to explain
the misery around them. Some believed that the plague was caused by an inauspicious alignment
of the stars, while others felt it was caused by toxic gases released from the earth. Many felt that
the plague was a punishment from God, for sins ranging from a lack of piety, to excessive greed,
or even use of immodest clothing.
We know today that the bacteria Yersina pestis causes the bubonic plague. The primary host of
the bacteria is not actually humans, but is the gut of the humble rat flea. Periodically, for reasons
that are not currently understood, the Y. pestis in the flea gut multiply and aggregate in the flea’s
stomach, causing a blockage. In order to feed, the flea regurgitates the blockage, usually into the
host that it is feeding from.
The usual host of the rat flea is, strangely enough, the rat. Rats are not immune to the plague,
and an infected rat will die in roughly six days. Thus an outbreak of bubonic plague in a flea
population will cause a rapid decline in the rat population. With their supply of food (ie. rats)
diminishing, the hungry fleas are forced to look for a new host. This can be any mammal, but is
often humans, since rats and humans often live in close proximity, especially in the Middle Ages.
It is important to note that the bubonic plague is primarily not spread directly from human to
human, but is spread through flea, and often rat, intermediaries. Many historians now think that
during the siege of Caffa, plague was brought within the walls by the movement of rats, rather
than the catapulting of corpses.
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The effects of the bubonic plague on the human body are both rapid and drastic. Initial
symptoms include fever, chills, headache, and extreme exhaustion. The lymph glands swell to
form egg-shaped lumps under the skin. These swollen glands are called bubos, and are the origin
of the plague’s name.
If the disease is not treated, the bacteria will enter the blood and multiply rapidly. Bacterial
infection of the lungs and other organs can lead to a rapid death of the victim. According to the
Center for Disease Control, 14% (or 1 in 7) of the plague cases in the United States are fatal.
The good news is that when diagnosed, the bubonic plague responds well to treatment with
antibiotics.
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Module 2
How do bacteria exchange genetic information?
When animals reproduce, the offspring are unlike either of the parents. This is because most
organisms generate offspring by the process of sexual reproduction – which is when genetic
information from both parents is combined and rearranged (called recombination) to create a
novel organism. This strategy of reproduction is used by animals to mainain diversity in the
gene pool. It is necessary because relatively speaking, animals reproduce at a slow rate and
individual species need to be prepared to face different selective pressures. Bacteria, on the
other hand, reproduce by binary fission. One bacterial cell splits to create two identical cells
with the same genetic information as the original cell. This reproductive strategy works for
bacteria because they have ways to generate diversity other than sexual recombination.
Mutations, recombination within an individual cell, and the exchange of genetic information
between bacteria (the subject of this module) can all generate diversity. They also reproduce at a
high rate so new traits can quickly be selected for.
When one bacteria shares DNA with another bacteria it is not the same as sexual reproduction.
Instead of two bacteria sharing their DNA to create a totally new organism, one bacteria simply
gives a small piece of its DNA to another bacteria. This process is called horizontal gene
transfer (HGT). HGT can occur several ways: by conjugation, transformation, and
transduction. Conjugation is where two bacteria in close proximity exchange a piece of DNA
through a hollow tube-like structure called a pilus. This is called bacterial mating.
Transformation occurs when a bacterium picks up a piece of DNA from its surroundings that is
left over after another cell has died. Sometimes a virus infects a bacterium (yes! bacteria get
viruses too) and picks up some of the bacteria's DNA. This virus then takes that piece of DNA

with it when it infects another bacterial cell. This is called transduction.
In recent years, biologists have learned that HGT has played a large role in the evolution of
bacteria, especially bacterial pathogens. Bacterial pathogens often have clusters of genes, called
pathogenicity islands, that give the bacteria the ability to be a pathogen. It has been found
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through genome sequencing that some pathogens have very similar pathogenicty islands that
were most likely exchanged between them at some point in evolutionary history.
Experimental Techniques: Working with Bacteria
Bacteria and other microorganisms are ubiquitous, which means that they are everywhere. They
coat our skin, the walls, floor, furniture, and are even suspended in the air. It is important to take
the ubiquity of microorganisms into consideration when experimenting with bacteria, or else you
will find that your results will be contaminated by bacteria in the environment around you.
If bacteria are everywhere, can things be made sterile (free of bacteria)? The best way to
sterilize an item, whether it is a surgical tool or media for working with bacteria, is with an
autoclave. An autoclave is essentially a giant pressure-cooker that heats to 121˚C (250˚F) and
increases the pressure to 15 psi for thirty minutes to one hour. These extreme conditions are
necessary to kill most microorganisms that are in the environment. Here are some more hints to
help you cut down on contamination when working with microbes:
•

Always wash hands before and after working with bacteria and anytime you get some on
your skin (if possible wear gloves).

•

Most of the tools that scientists use, such as culture loops, are pre-sterilized. When
working with these tools, it is important to not place them on the bench top, especially if
they are going to be re-used for the same culture. Never use the same tool for two
different cultures.

•

Try to keep the loop suspended in the air (which is not sterile either, but has less bacteria
than must surfaces).

•

Keep in mind where you are breathing. Try not to breath on anything that is sterile, such
as your loop or a culture plate.

•

When using plates of solid bacterial media, slightly lift the lid. Slide your loop under
between the lid and the plate. The lid will help to prevent contamination from bacteria in
the air.

•

When you are finished with your tools and culture plates, dispose of them in a bag
designated for autoclaving. The autoclave will kill the bacterial that you were working
with and will prevent them from escaping into the environment.

One of the most basic and important techniques used when working with bacteria is streaking
for isolation. This is a technique will allow you to isolate individual colonies of bacteria from
mixtures of different bacteria.
Using a sterile loop, spread bacteria on a plate in a zigzag pattern as shown in the figure below.
Remove the loop and replace the cover on the plate. Get a new disposable loop. Turn the plate
make one streak from 1 to 2 and then streak 2 in a zigzag pattern. Repeat this two more times (as
in 3 and 4, below).
The goal of these streaks is to move individual bacteria so that they are far away from other
bacteria on the plate. When these isolated bacteria are then allowed to grow, they form colonies.
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Since these colonies are descended from a single bacteria, the entire colony should contain
bacteria of the same type.

1

2

3

4
Streaking for Isolation
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The Process of Science: The Hypothesis
Science is not what we know now, but is the process of discovering new information. The
hypothesis is a necessary part of this process and is one of the most important aspects of science.
It is the driving force of all scientific research. To answer a question, it is important to first take
into acount all the information that is currently known. From this information, scientists develop
a hypothesis, which is essentially an educated idea about what they expect the answer to their
question to be.
The hypothesis that a researcher develops shapes the experiment(s) they peform. A hypothesis is
meant to be proven or disproven by experiments. Only after this has happened, can a scientist
move onto another hypothesis. Every answer in science opens up many new doors, so answering
one hypothesis often results in the formulation of several new ones. This neverending process of
questioning allows the advancement of our knowledge of the world around us.
Here's a simple example fo a hypothesis: Imagine, if you will, that you are studying the growth
of a plant. In this exampele, we will use petunias. You have done some research, looking at
what information is already known about petunias, and have found that they require light, water,
and soil to form healthy flowers. During your research, you find that it has been discovered that
too much light prevents the growth a different type of plant, for this example let's say, lillies.
You decide that it is important to know if petunias will respond to too much light in the same
way as lillies. Your hypothesis in this example would be: The growth of petunias will be
inhibited by the same amount of light that inhibits the growth of lillies. (Or, conversely, your
hypothesis could be: The growth of petunias will NOT be inhibited by the same amount of light
that inhibits the growth of lillies.)
Now that you have your hypothesis, you can get around to conducting an experiment. You
gather together petunias, lillies, and lights and test to see how the plants grow at varous light
levels. You could find that the petunias grow at light conditions that lillies do not, or perhaps
both plants refuse to grow at high light conditions. Either way, you will find that you will have
new questions to answer. If the petunias can grow in high light conditions, why is that? Is there
something special about petunias that allows them to grow at all light levels or is it that lillies are
unusual because they can't? Will petunias stop growing at light levels that are higher than you
tested or will they show no decrease in growth no matter how much light they are in? If the
petunias and lillies both don't grow at high light conditions it is because light is affecting the
plants in the same way, or is it two different factors that are coincidentally causing the same
effect.
Science and Society: Antibiotic Resistance
The lifestyle of bacteria allows them to quickly select for any trait necessary for survival,
including antibiotic resistance. If bacteria are challenged with an antibiotic and one cell in the
population aquires resistance, it will flourish while the other cells are killed off. As
demonstrated in this module, resistance can easily develop in bacteria. This is the reason it is
necessary for patients and doctors to exercize caution when using antibiotics. Antibiotics are a
precious resource in our fight against bacterial pathogens and it is important that future
generations be able to use them too.
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