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Abstract
Understanding how plants differentiate between harmful and beneficial bacteria is 
essential for advancing agricultural sustainability and plant health. Gaining faster insights 
into these defense mechanisms enables early disease detection and timely intervention, 
ultimately improving crop resilience. Additionally, harnessing beneficial microbes can 
enhance plant stress tolerance and support sustainable farming practices. The primary 
research question guiding this study is: "How do plants distinguish between harmful and 
beneficial microbes?" We hypothesize that membrane-associated proteins play a crucial 
role in this differentiation, particularly in detecting bacterial pore-forming toxins. To test 
this hypothesis, we utilized a microplate method where Arabidopsis thaliana seedlings 
were planted into 96-well plates. The roots were exposed to bacterial co-cultures, and 
plant-bacterial interactions were monitored over seven days. Bacterial growth was 
quantified using fluorescence plate readings. Our findings indicate that differences in 
microbial load exist across genotypes, particularly in mutants deficient in immune 
signaling components. These results provide insights into how plants recognize microbial 
threats and could inform future strategies for enhancing crop resistance.
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Introduction
•Plants interact with both beneficial and pathogenic microbes in the rhizosphere, but how 
they distinguish between them, especially those producing pore-forming toxins, is poorly 
understood.

•Research suggests membrane-associated proteins play a role in immune signaling, 
particularly in recognizing bacterial virulence factors. 

•This study investigates the role of synaptotagmin proteins in microbial recognition by 
analyzing how various Arabidopsis mutants respond to co-cultures of beneficial and 
pathogenic Pseudomonas fluorescens strains.

Methods

•Arabidopsis thaliana seedlings were grown in a 96-well microplate system designed by 
Melissa Chen, with roots suspended in microbial solutions while shoots remained above 
the surface.
•The experiment included six plant genotypes:

•Controls: Col-0 (wild-type), bak1/bkk1/cerk1 triple mutant
•Experimental mutants: syt1, syt5, NDR1, and SOBIR1 mutants

•After five days of initial growth, plants were inoculated with bacterial co-cultures.

•Plants were co-inoculated with two Pseudomonas fluorescens strains:
•WSC365 – a beneficial strain labeled with mNeonGreen fluorescence protein
•N2C3 – a pathogenic strain labeled with mScarlet fluorescence protein

•Seedlings remained in bacterial culture for seven days.

•Bacterial colonization was measured using a fluorescence plate reader.
•Fluorescence intensity was converted to bacterial concentration using a standard curve, 
allowing for a quantitative assessment of microbial load across plant genotypes.

•Bacterial growth was analyzed comparatively across plant genotypes to assess the 
influence of immune signaling mutations on microbial interactions.

Results
•Because plants were exposed to co-cultures of bacteria rather than isolated 
pathogens, differences in microbial colonization were influenced by immune-related 
mutations rather than a direct pathogen-only response.

•Significant differences in bacterial load were observed between syt1 and syt5 
mutants and other plant genotypes.

•While overall bacterial presence remained similar across samples, notable 
variations in beneficial strain colonization were observed between genotypes.
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Discussion
•Our findings suggest that SYT5, a synaptotagmin protein involved in vesicle 
trafficking, plays a crucial role in differentiating beneficial and harmful microbes.

•The presence of pore-forming toxins (PFTs) in N2C3 may contribute to these 
findings, as synaptotagmins potentially mediate membrane repair following toxin 
exposure.

•bak1/bkk1/cerk1 triple mutants served as immune signaling-deficient controls and 
exhibited expected colonization trends, reinforcing their role as a baseline 
comparison.

•Future research should investigate the mechanistic relationship between 
synaptotagmins and microbial recognition using additional molecular assays.

The concentrations of WSC365 (left) and N2C3 (right) are 
analyzed and compared across different mutants.

The overall bacterial concentration (left) and the ratio of N2C3 
to WSC365 are compared across different mutants.

Arabidopsis thaliana at the time of inoculation (left) and seven 
days afterward (right).
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