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Abstract  Brown spot disease has recently emerged as a source of economic loss for bean 
farmers worldwide.  The disease is caused by Pseudomonas syringae, an epiphytic bacteria that 
exhibits quorum sensing behavior, which creates necrotic brown spots on pods and leaves that 
are not aesthetically pleasing.  Bacteriocidal applications reduce the severity of the disease but 
farmers and researchers alike seek cheaper, more environmentally friendly alternatives.  
Researchers are currently examining how to disrupt the unique characteristics of P. syringae 
quorum sensing behavior.  Quorum sensing enables bacterial cells to take on properties of a 
biofilm, thereby becoming more resistant to desiccation, more stress tolerant, and better able to 
survive stress on leaves than more solitary cells.  This research project evaluates the correlation 
of the incidence of brown spot disease and effectors of quorum sensing.  It is hypothesized that if 
quorum sensing increases survivorship of P. syringae, then epiphytes that activate quorum 
sensing should be more abundant on diseased leaves.  Bacteria from both healthy and diseased 
leaf surfaces are cultivated, then tested for the ability to inhibit or activate quorum sensing in P. 
syringae.  Chi-Square tests indicate that bacteria from diseased leaves are more likely to activate 
and inhibit quorum sensing.  T-tests indicate that both inhibited and activated bacteria from 
healthy leaves have significantly smaller magnitudes of expression than inhibited and activated 
bacteria from diseased leaves.  These results link quorum sensing behavior to disease occurrence 
and further research may reveal a potential method of biocontrol against brown spot disease. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction 

Brown spot disease develops on various plants and causes serious losses in farmed snap 

beans.  Caused by the Pseudomonas syringae bacteria, necrotic brown spots about 3-8mm in 

diameter emerge on bean plant leaves as well as the bean pods (Dillard and Legard 1991).  Pods 

with the diseased spots are not aesthetically pleasing and thus the diseased crops are not 

economically viable.  Fungicide applications have reduced the severity of the disease but much 

more can be done in terms of brown spot disease research to develop cheaper, more 

environmentally friendly remedies.  By eradicating or reducing the virulence of P. syringae in 

bean farms, effects of brown spot disease can be minimized and thereby increase their 

commercial value. 

Bean leaves are sparsely colonized by bacteria except for a few large aggregates mainly 

found at the base of glandular trichomes or near veins (Lindow et al. 2001).  Leaf surfaces 

support the development of epiphytes that can have both beneficial and detrimental effects on 

plant productivity.  P. syringae are pathogenic plant bacteria that multiply to large population 

sizes on the surface of healthy plants prior to initiating disease and have the ability to nucleate 

supercooled water to form ice causing frost damage to plants (Quiñones and Lindow 2001).  

Raindrop momentum during intense rains helps trigger the growth of populations of P. syringae 

on bean plants in field conditions (Hirano 1996).  Scientists believe that rain splash and insects 

are the primary causes of the spread of brown spot disease.  P. syringae can tolerate different 

climates and habitats but they primarily require moist conditions to grow to high populations.  

However, while climatic conditions strongly influence the amount of P. syringae that will spread 

between plants, even small amounts of dispersal are enough to support extensive spread of the 

bacteria in croplands (Upper 2003).  

The presence of a majority of the epiphytes residing in large aggregates suggests that the 

expression of cell-density dependent traits may contribute to a successful colonization of the leaf.  

It is not rare for gram-negative plant bacteria, such as P. syringae, to exhibit quorum sensing 

behavior (Lindow et al. 2001).  The concentration of a signal molecule reflects the number of 

bacterial cells and the “threshold level” of the signal molecule denotes that the bacterial 

population has reached “quorum” and the unit can make behavioral decisions (Withers et al. 

2001).  This “threshold level” refers to the minimum amount or concentration of AHL (acyl 

homoserine lactone) chemical required to turn on specific genes to help P. syringae make 



behavioral decisions to help it survive water scarcity in harsh climates.  When cells reach 

“quorum” they take on properties of a biofilm, becoming more resistant to dessication, more 

stress tolerant, and better able to survive stress on leaves than more solitary cells (Bodman 

2003).  Quorum sensing regulation plays a large role in plant-microbe interactions, and in the 

case of pathogens, AHL signaling is required for virulence factors and secondary metabolites 

that contribute to plant colonization and disease to be expressed (Lindow et al. 2001).  Little is 

known about the disease in relation to quorum sensing and the Lindow Lab is the first group to 

look at effectors of quorum sensing with P. syringae interactions.   

My research evaluates the correlation of the incidence of brown spot disease (P. syringae 

pv. syringae) and effectors of quorum sensing.  Effectors are bacteria that inhibit or activate 

quorum sensing.  I predict that epiphytes that activate quorum sensing are more abundant on 

diseased leaves than healthy leaves.  Since little information is known about inhibitors of quorum 

sensing, no hypothesis is made regarding bacterial epiphytes that inhibit quorum sensing.  The 

results of this line of research may reveal a potential method of biocontrol against brown spot 

disease if quorum sensing behavior is linked to disease occurrence.  

 

Methods 

Samples of healthy and diseased leaves were collected from different Wisconsin farm 

environments and shipped to the Lindow Lab at UC Berkeley.  Leaves were collected and 

shipped from Wisconsin because there are many beans grown for food and brown spot disease of 

bean plants occurs at a high frequency.  More disease increases the probability of finding 

epiphytic bacteria that is able to interact with P. syringae. 

Diseased bean leaves have P. syringae present in addition to brownish, small spots on the 

leaves.  All leaves were placed in separate test tubes with 20mL of potassium phosphate buffer 

(10mM KPO4).  A sonication device removed bacteria from the leaves, displacing them into the 

surrounding washing buffer.  The diseased leaf bacteria solutions were diluted to a 1/100 

concentration because of high bacterial densities while the healthy leaf bacteria solutions 

remained undiluted.  The bacteria were then plated onto 10% TSA using the Spiral Platter 

machine.  The plates were incubated at 28oC for 2 days or until there was sufficient colony 

growth.  Different individual colonies were selected in order to obtain a representative diversity 

of pigmentation, size, shape, and texture.  The collected bacterial colonies were characterized by 



colony morphology.  These colonies were plated on three sets of King’s B agar (KB) producing a 

master control set and two sets to be sprayed with both indicator strains.  In total, 615 epiphytic 

bacteria were tested including 493 from healthy leaves and 122 from diseased leaves.  Some of 

the diseased leaf bacteria were tested for presence of P. syringae by using an ice assay test set at 

9oC.  

BHSL and B728a harboring the pCPB63 AHL detection plasmid are the respective 

activator and inhibitor P. syringae AHL indicator strains that are sprayed onto plated epiphytic 

colonies.  They elicit quorum sensing responses from epiphytic bacteria.  BHSL and B728a are 

strains of P. syringae that are ahll gene (which encodes for AHL synthetase) deficient and wild-

type, respectively.  BHSL is an activator which only expresses green fluorescent protein (GFP) 

when it is induced by other AHL-dependent bacteria.  Response to the BHSL activator is a 

fluorescent green expression of GFP fluorescence that is observed around those colonies that 

activated the expression.  B728a is the strain that has the ahll gene and reports inhibition when 

expression of GFP fluorescence is suppressed by AHL-dependent bacteria.  Response to the 

B728a inhibitor is a zone of growth and a blue halo as GFP fluorescence is not exhibited 

(Quiñones and Lindow 2001).  

The master set of plates contained one colony of each epiphytic bacteria tested.  The two 

other sets to be sprayed with indicator strains contained four replicates of each epiphytic 

bacterial colony.  One set of plates was sprayed with activator strain BHSL pCPB63 and the 

other sprayed with indicator strain B728a pCPB63.  Spraying involves using an airbrush with an 

indicator strain to mist the plated epiphytic bacteria.  The sensor strains function to detect 

activation or inhibition of AHL-dependent gene expression by epiphytic bacteria.  After one day 

of incubation, plates were irradiated with UV light to observe the expression of GFP in the 

sensor strains.  

The magnitude of inhibition/activation of Pss’s quorum sensing by effectors was 

quantified by measuring the radius of the green or blue halos.  Replicates were important 

particularly in this segment of the research so that a high power could be achieved during 

statistical analysis.  Four replicates of each bacterial colony that exhibited expression to either 

indicator strain provided four radii to be averaged for a more representative radius assessment.  

The bacteria that showed stimulation or inhibition were then stored at -80oC for future use. 



Chi-square analysis was used to determine whether there was a statistical difference in 

observed and expected frequencies of inhibitor, activator, or no response bacteria between the 

healthy and unhealthy plants.  An unpaired student’s t-test was also used to test whether there 

was a statistical difference between the radii of expression of inhibitors and activators from 

healthy and diseased plants.  

 

Results 

Composites of 40 leaf samples from healthy bean plants and 10 leaf samples from 

diseased bean plants were collected for analysis.  A total of 493 bacteria colonies were grown 

from healthy plants and were comprised of about 20 different morphologies.  A total of 122 

bacteria colonies were grown from diseased plants and were also comprised of about 20 different 

morphologies.  The number of bacteria that respond to either the inhibitor or activator strains was 

counted and compared to the total number of bacteria plated from the leaves.  Out of 493 total 

bacteria plated from healthy plants, 38 inhibited quorum sensing and six activated quorum 

sensing (Fig. 1).  Out of 122 total bacteria plated from diseased plants, 23 inhibited quorum 

sensing and five induced quorum sensing (Fig. 1).  Most of the bacteria, 449 bacteria from 

healthy leaves and 94 bacteria from diseased leaves, did not respond to indicator strains. 
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  Figure 2. Radius of magnitude of expression related to inhibition and activation on healthy  
  and diseased plants. * signifies statistically significant difference (p<0.05). 

 
T-tests were used to test whether there was a statistical difference between the radii of 

expression of inhibited and activated bacteria from healthy and diseased leaves.  Of the 38 

inhibited bacteria from healthy leaves and 23 inhibited bacteria from unhealthy leaves, the 

bacteria from healthy leaves has a significantly smaller radius than bacteria from diseased leaves 

(p=0.0320).  Of the 6 activated bacteria from healthy leaves and five activated bacteria from 

diseased leaves, the bacteria from healthy leaves has a significantly smaller radius than bacteria 

from diseased leaves (p=0.0044).  In both cases, the bacteria from healthy leaves displays a 

smaller magnitude of expression than bacteria from diseased leaves. 

 

Discussion 

The results of this research provide more clues as to bacterial behavior of P. syringae and 

disease patterns of brown spot disease.  The prediction was that epiphytes that activate quorum 

sensing would be more abundant on diseased leaves than healthy leaves.  This prediction was 

indeed correct for the case of activators but did not predict anything about the behavior of 

inhibitors of which little is known.  The experimental data show that inhibitors of P. syringae 



quorum sensing increase the amount of disease.  This may be because quorum sensing also 

controls movement of B728a on and into the leaf.  More invasion of the leaf leads to more 

disease.  The results show that both epiphytes that inhibit and activate quorum sensing are in 

higher abundance on diseased leaves than healthy leaves.  Increased disease can easily lead to 

more bacteria, other than P. syringae, growing on the leaf because disease releases more 

nutrients for others to take advantage of, leading to increased species diversity.  This may be why 

despite the fact that fewer total bacteria (122) were isolated from diseased leaves due to a smaller 

sample size, the number of different morphologies (~20) was similar to the number of 

morphologies (~20) associated with total bacteria (493) isolated from healthy leaves.  Although 

the results clearly showed that epiphytes that inhibit quorum sensing were more abundant on 

diseased leaves than healthy leaves, activation results were less explicit.  Only borderline 

statistical significance exists indicating that epiphytes which activate quorum sensing were more 

abundant on diseased leaves than healthy leaves.  The sample size of activators was small and 

therefore a higher P-value was expected.   Diseased leaves have epiphytic bacteria that are more 

responsive to quorum sensing than epiphytic bacteria from healthy leaves. 

Diseased leaves also have inhibited and activated epiphytic bacteria that have greater 

magnitudes of expression than inhibited and activated epiphytic bacteria from healthy leaves.  

The radius of inhibition of bacteria from diseased leaves may be larger than that of bacteria from 

healthy leaves because inhibited quorum sensing controls movement into the leaf and disease 

associated with this invasion.  This spatial distance over which activators and inhibitors can 

communicate on leaf surfaces provides insight into physical and chemical features of leaf 

surfaces and the magnitude of effects that can be expected of chemical cross-talk on leaf surfaces 

(Lindow 2001).  Perhaps the magnitude is a determining factor in the presence of disease 

associated with the bacteria.  A larger magnitude of expression may increase the virulence of the 

bacteria to the plant, causing disease.  Not only are activating and inhibiting epiphytic bacteria in 

greater abundance on diseased plants but their magnitude of expression is also greater than those 

of healthy plants.  The question still remains as to whether the disease is caused by abundance, 

magnitude of expression, or a combination of both.  Perhaps abundance and magnitude of 

expression are products of the leaf being healthy or diseased as opposed to factors in causing 

disease occurrence.  Alternative explanations of this data may exist.  



The data in this study could contain biases which skewed data, leading to these 

conclusions.  The sample size of diseased leaves was smaller than that of healthy leaves and 

thereby less representative of all diseased leaves.  Despite the smaller sample size of diseased 

leaves, many epiphytic were present to yield sufficient data to compare with that of bacteria from 

healthy leaves.  Additionally, radii were often difficult to measure due to indistinct halos whose 

boundaries were subjectively determined.  This subjectivity may have skewed final results.  

Data obtained from this research project regarding bacterial presence and disease 

behavior offers new insight towards controlling brown spot disease.  This research is the next 

step of the Quiñones and Lindow (2001) study that looked at non-bean leaves that had no 

diseases.  The goal of this project was to look at similar things on beans.  My research is in some 

ways a more challenging task since bean plants are harder to analyze because there is so much P. 

syringae on beans that is hard to pick out.  Research specific to bean plants enables an increased 

understanding of the mechanisms involved and is the basis for developing methods of control. 

Control of quorum sensing in other pathogens has led to control of diseases or virulence 

factors.  In the case of brown spot disease, this has been done with chemicals or transgenic plants 

even though both of these are not optimal or even 100% safe for practical application.   Use of 

the activators or inhibitors isolated in this research project serve as a promising and cheap form 

of biocontrol that can easily be applied. 

Interference with quorum sensing signaling may offer a means to controlling bacterial 

diseases of plants since quorum sensing regulatory systems are often required for pathogenesis 

(Von Bodman et. al 2003).  Many labs are focusing on P. syringae quorum sensing properties 

because of its broad implications for plant pathogenesis.  P. syringae is responsible for causing 

brown spot disease, bacterial shoot blight, halo blight, and other plants diseases.  Quorum 

sensing research findings can be applied to several other fields including Pierce’s Disease and 

human diseases.  

My particular research provides more insight into the epiphytic bacteria that activate or 

inhibit quorum sensing behavior of P. syringae and their associated magnitudes of expression.  

The results demonstrate that epiphytes on diseased plants are in greater abundance than on 

healthy plants, significantly increase the magnitude of both quorum sensing inhibition and 

activation, and cause greater magnitudes of expression.  This link between abundance and 

magnitude may be the determining factor in the virulence of P. syringae.  More extensive 



research will be conducted in a greenhouse setting to draw further conclusions regarding 

magnitude of expression and abundance of activating or inhibiting epiphytic bacteria.  Results of 

these quorum sensing research projects will help to fill current research gaps and improve our 

understanding of quorum sensing-controlled diseases.  Brown spot disease and other quorum 

sensing-controlled diseases will hopefully be more contained and regulated as a result of this line 

of research. 
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