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Background
• Antibiotics and antibiotic-resistant 

(AR) bacteria are anthropogenic 
byproducts that enter our oceans 
via runoff

• Non-pathogenic microbes can 
spread AR genes via horizontal 
gene transfer to human 
pathogens

• AR genes pose a threat to 
human health and ecosystem 
health
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Investigating the taxonomic profiles of nearshore coastal microbiomes over time

Research Questions
• How does the community profile of the 

coastal microbiome change over time?

• Are changes in the coastal 
microbiome associated with changes 
in weather, precipitation, and other 
conditions?

• What does a "normal" day look for a 
coastal microbiome?

Abstract
Antibiotics in agricultural, aquacultural,
and urban runoff promote antibiotic
resistance -- a growing threat to human
and ecosystem health -- in coastal
microbiomes. We aimed to establish
taxonomic baseline of microbial
communities over time on the Southern
California coast in order to better identify
and characterize changes in the coastal
microbiome in response to anthropogenic
inputs. Seawater samples were collected
periodically and filter-captured through
0.2 μm filters from November of 2019 to
June of 2021. We performed a DNA
extraction and shotgun library preparation
of these captured microbial communities
followed by 2x 150 bp paired-end
sequencing. We then analyzed the
resulting metagenomic data using Kaiju,
R, and Microsoft Excel. Initial analysis
shows consistent taxonomic profiles over
time across phyla and genera.

Results
Figure 1:
Shotgun
metagenomic 
libraries of 
filter-captured 
coastal 
microbial
communities

Figure 2:
Quality scores 
of sequencing 
reads during 
metagenomic 
sequencing 
run of filter-
captured 
seawater 
samples

Figure 3: Krona
results of the 
bacterial 
components of 
sequenced 
microbial 
communities

Figure 4: 
Bacterial 
phyla 
identified by 
Kaiju in 
genomic 
data

Future Directions
• Delve further into possible correlations 

between taxonomic changes and 
surrounding conditions

• Improve and diversify metadata 
collection techniques

• Collect more time points to provide 
replicates and complete year-round 
data sampling

Conclusions
• Metagenomic sequencing data suggest seasonal 

effects on microbial community profiles over time

• Bacterial community profiles show the most 
variation in abundances of the FCB group and 
environmental samples

• Eukaryotic community profiles show seasonal 
changes between genera, with significant 
changes in abundances of Sacchoromyceta, 
Mamiellaceae, and Bathycoccaceae between 
summer and winter months

Figure 5: 
Average 
temperature 
in Carlsbad 
in the week 
leading up 
to each 
sampling 
day

Methods

Figure 6: 
Eukaryotic 
genera 
identified by 
Kaiju in 
genomic 
data
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Future Directions
• Longitudinal statistical analyses on observed changes

• Reanalyze data through meta-SourceTracker after 
addition of relevant databases to decrease the amount 
of unknown reads

• Repeat studies in 2020/2021 storm season

• MetaHiC studies to map AR genes to specific hosts

• Use the measured abundances of T. thermophilus in 
each sample to calculate the absolute abundances of 
the rest of the microbial community
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Taxonomic and antibiotic resistance changes to coastal microbiomes in response to rainstorm runoff

Prokaryotic Relative Species Composition        

Background & Hypothesis
Antibiotics and antibiotic resistant (AR) bacteria are 
flushed into aquatic ecosystems via storm runoff

Antibiotics alter the microbial community by
• Selecting for resistant strains
• Triggering gene transfer between microbes

Recipient environments with stressing conditions may 
select for higher resistant bacteria

Microbial community compositions and AR gene 
abundance mapping have yet to be elucidated

Hypothesis: Rainstorm runoff results in:
• Increase in AR gene abundance

• Alter microbiome taxonomic profiles
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Conclusions
• A bimodal increase in alpha diversity and AR gene 

counts within a 72-hour period.

• A relative increase in Proteobacteria and 
Bacteroidetes with a relative depletion of 
Cyanobacteria in period following rainstorms

• After 5 days, the microbial community showed 
recovery to a pre-storm state

• Marine and freshwater associated microbes display 
relative abundance changes

• Relative increase in antibiotic resistance genes two 
days following the highest amount of rainfall

Methods
500 mL coastal water filter-captured 14 days before, 

during, and after first 2 seasonal rainstorms of 2019-2020

* Thermus thermophilus was cultured, then the DNA was 
isolated and quantified through a dsDNA Qubit assay.

5 nanograms of T. thermophilus was added to each 
sample after bead beating step

Microbes captures on half filter 
from each sample was lysed via 

bead beating *

DNA isolation

Metagenome library prep and QC

Sequencing 2 x 150bp

Metagenome assembly/analysis

Antibiotic resistance (AR) is a global healthcare problem
driven by the overuse of antibiotics in clinical, agriculture,
and aquaculture applications. Urban and agricultural runoff
introduce antibiotic-resistant bacteria and antibiotic
contamination to recipient environments. Antibiotics
change microbial community compositions in favor of
resistant species and can trigger the exchange of DNA
carrying antibiotic resistance within a given community.
However, mapping the changes In microbial community
compositions and AR gene abundance is yet to be
elucidated in response to rainstorm runoff. We therefore
analyzed the taxonomic and antibiotic resistance changes to
coastal microbiomes in response to rainstorm runoff by
sampling at the Batiquitos lagoon outlet over 14 days;
before, during, and after the first two rainstorms of the
2019-2020 season.
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Future Directions
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In vitro quantification of horizontal gene transfer of antibiotic resistance using a complex 
donor community

Broader Implications • Changing the donor and recipient to represent the coastal 
environment

• Building a mock coastal environment to imitate coastal 
conditions

• Investigating how temperature, pH, and salinity affect the 
rate of HGT in coastal environments

• More GFP expressing colonies on the experimental 
plates will represent higher rates of HGT. 

• The rate of HGT will be calculated using selective 
antibiotics and GFP luminescence. 
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• Examples of expected results from trials done this summer

• Selective antibiotics, GFP, and morphology will be used 
to identify recipients that receive an MGE from a donor 

• Recipient: E. coli strain with Green Fluorescent Protein (GFP) 
and Kanamycin resistance

• Donor: complex donor community in wastewater effluent

1. Prepare and mix donor and recipient cultures
2. Incubate for 3 hours to allow for transfer of MGE’s
3. Plate the mixed cultures on selective media

• Workflow of methods adapted from 
Jutkina and colleagues (1).

1. Jutkina, J., Rutgersson, C., Flach, C.-F., & Joakim Larsson, D. G. (2016). An assay for determining minimal concentrations of antibiotics that drive horizontal transfer of resistance. Science of The Total 
Environment, 548–549, 131–138. https://doi.org/10.1016/j.scitotenv.2016.01.044

Abstract

Expected Results

Hypothesis

Background
•Horizontal Gene Transfer (HGT) is the 

transfer of mobile genetic elements 
(MGE) between bacteria

• Antibiotic resistance genes (ARG) are 
commonly found on MGEs

• Previously published methods allowed 
Jutkina et al to measure changes to 
the rate of HGT under different 
concentrations of Tetracycline

•We want to modify these methods to 
quantify the rate of HGT under different 
coastal conditions

• These methods will help us establish 
a baseline rate of HGT in southern 
California coasts

• Increases in temperature and 
decreases in pH will increase the 
rate of HGT 

The coastal microbiome greatly contributes to a balanced
ecosystem that is home to a diverse population of marine life.
Disrupting microbial functions in the coast may be devastating
to the intricate coastal ecosystem. A large disturbance seen by
coastal microbiomes will be the accelerated increase in
temperature and decrease in pH as extreme weather
conditions worsen due to climate change. In face of these
harsh coastal conditions, a mechanism of rapid adaptation by
microbes is to share genes, also known as horizontal gene
transfer (HGT). We propose that the changes in these two
environmental variables imposed by climate change may
induce HGT in coastal bacteria as they are forced to adapt to
increasingly harsh conditions. Because of this, we hypothesize
that increases in temperature, decreases in pH will increase
the rate of HGT in the coast. If this is true, this disturbance
may decrease the resilience of the coastal microbiome and
negatively impact the coastal ecosystem. We will investigate
our hypothesis by establishing a modified version of previously
published HGT quantification methods. Next, we will quantify
the baseline rate of HGT using a sample of the coastal
microbiome and an indicator Vibrio harveyi strain. Next, we
will investigate how changes in temperature and pH affect the
rate of HGT using a mock coastal environment that will allow
us to change each variable in a controlled environment. These
methods will allow us to observe how each environmental
variable can independently and in combination affect HGT in
the coast as well as provide a better understanding of how
coastal microbiomes will respond to climate change.

https://doi.org/10.1016/j.scitotenv.2016.01.044
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Future Directions
• Complete build with additional materials

• Introduce robust UI with touchscreen

• Field vs in vitro comparison testing

• Longitudinal horizontal gene transfer assay

• Longitudinal microplastic biofilm assay

Conclusions
• A controllable system was constructed 

using laboratory equipment and hobbyist 
electronics

• Copper pipe fabricated to cool water bath

• Lid extension houses lights and allows for 
larger experimental vessels

• IR signals controls diurnal aquarium light
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Engineering a mock coastal environment for in vitro assay development

Spreadsheet on Raspberry Pi containing 
temperature and time data

Materials
• 27 L isotemp shaking bath

• Benchtop recirculating chiller

• 2x Heating mats for 3D printers

• 3x Solid state relays

• Arduino Mega microcontroller

• Raspberry Pi 4

• IR LED and Aquarium light

• C channel metal studs

• Copper pipe and fittings 

Background

• Longitudinal coastal microbiome studies 
require on-site field work.

• In vitro setups utilize isothermal and 
constant lighting conditions.

• A mock coastal environment would allow 
development of in vitro coastal microbiome 
assays  

Data sent to Arduino over Serial USB 
communication

Temperature sent from thermocouple

Water temperature regulated with 
heater/chiller

Time code sent through IR to light

Projected Program of diurnal cycle

Shaking bath with extended lid and recirculating cooler on 
benchtop

Copper Coil on bottom of 
bath

Shaking rack on top of 
copper coils
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Microbiome research of natural environments is
foundational to biologists exploring functional
ecosystems. Oceanic environments are especially
affected because microorganisms comprise a
majority of the biomass and regulate global
biogeochemical cycles like the carbon cycle which
affects the climate. Current studies on coastal
taxonomy require field work and on-site
environmental sampling. Logistics and labor costs
restrict long-term studies of phylogenetic
changes. Current in vitro methods utilize
isothermal laboratory equipment and lighting not
designed to emulate longitudinal, diurnal cycles.
Methods and procedures must be designed to
observe longitudinal phylogenetic microbiome
changes. Such systems can be utilized to develop
costal assays investigating topics such as
horizontal gene transfer and microplastic biofilm
generation. We engineered a mock costal
environment using available laboratory
equipment and consumer hobbyist electronics to
create a thermally controlled diurnal light-cycle in
vitro environment. The laboratory equipment
was modified without permanently altering
individual components or voiding any warranties.


