
SPRING 2022

BIOS 11174 Research Experience in Biology
Research project summaries and registration information

This course provides students with an opportunity to work on a semester-long research project
in biology. Different research projects are offered in specific sections of the course. Project
descriptions and registration details (Table) are provided below.

Research project summaries (see pg. 6-7 for registration details)
Evolutionary responses of salt marshes to global environmental change
(Global Change)

Laboratory professor:  T. M. Olsen
Research Investigator: J. McLachlan

Sections available: T 2:00-5:00 PM; W 2:00-5:00 PM; Th 2:00-5:00 PM

The abundance, distribution and, in many cases, survival of species in the next century will be
influenced by an unprecedented combination of altered land-use, climate, and atmospheric
chemistry. Anticipating these trends is difficult, but insight can come from how populations have
responded to similar past environmental perturbations. The McLachlan lab gathers records of
population change, and links them to environmental and biological processes using
mathematical models.

In particular, the McLachlan lab examines the effect of environmental change on plant
populations in Atlantic salt marshes, including a foundational species, Schoenoplectus
americanus. We have developed mathematical models that link the abundance of S.
americanus to changing environmental variables (salinity, flooding, and atmospheric CO2).
Incredibly, seeds of S. americanus dating as far back as 150 years are still viable, and clones of
these unique plants have been propagated in greenhouse experiments. Genetic experiments
can be also used to identify and confirm these “resurrected” plants as distinct genotypes from
plants found currently in salt marshes. Consequently, we have a continuous record of
evolutionary response to environmental change dating back over a century.

In this project, students will examine the response of Schoenoplectus americanus to global
environmental change. The project features a unique model system which includes S.
americanus genotypes “resurrected” from the seed bank that allow research teams to
investigate evolutionary responses to environmental change in addition to factors such as
nitrogen, sea level, and salinity. Students design independent experiments within this context,
implement the experiments, collect and analyze data, and produce a scientific research paper.
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This project will also include population genetics experiments. Students also identify S.
americanus, a conspecific sister species, S. pungens and hybrids using cpDNA RFLP and
nDNA microsatellite markers in concurrent assays. The data from these experiments are
systematically collected and managed by the McLachlan lab for use in modeling experiments.
This course project is part of the NSF grant “Eco-evolutionary dynamics of coastal marsh
response to rising CO2” awarded to Jason McLachlan and Michael Blum (U. of Tennessee.)

Students in this project will have an opportunity to design and implement their own experiments,
to apply statistical analyses to evaluate hypotheses, and to think critically about the impacts of
environmental change on coastal salt marsh ecosystems. This project requires creativity in
designing and structuring experiments, strong data management skills, and attentiveness
required to maintain living plants through a semester-long experiment.

Project schedule:
Introduction

1. Salt marsh ecosystems; S. americanus experimental system; Marsh Equilibrium Model
2. Experimental planning and potting of plant replicates

Growth and population genetic experiments
3. Growth experiment set-up in Jordan Greenhouses and discussion with J. McLachlan
4. DNA isolation and PCR from S.americanus, S. pungens and hybrids/Growth experiment

maintenance and data collection
5. Restriction digest of cpDNA, electrophoresis of nDNA microsatellites and cpDNA

restriction fragments/Growth experiment maintenance and data collection
6. Population genetics experiment data analysis and review/Growth experiment

maintenance and data collection
7. Effective use of the primary literature/Growth experiment maintenance and data

collection
8. Approaches for data visualization/Experimental maintenance and data collection
9. Statistical methods for data analysis/Growth experiment maintenance and data collection
10. Final week of Growth experimental data collection/Begin plant dry biomass

determination
11. Complete plant dry biomass determination

Data analysis and scientific communication
12. Data analysis, graphing and paper writing clinic
13. Final research paper submission

GEC Project Synthesis Workshop with members of McLachlan lab
14. Coastal communities, habitats, and sea-level rise: local to global perspectives and

human impact
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Protein-DNA interactions in the ESX-1 secretion system of M. tuberculosis
(Mycobacteria)

Lab professors: B. Rudenga; X. Lu
Research Investigator: P. Champion

Sections available:  M 2:00-5:00 PM; T 9:30 AM - 12:20 PM; Th 9:30 AM - 12:20 PM; F
2:00-5:00

One in three people globally are infected with Mycobacterium tuberculosis, the causative agent
of Tuberculosis (TB). Although only 5-10% of infected people develop active disease, there are
still approximately 1.4 million deaths annually (WHO). This burden of infection and disease is in
part due to a lack of a viable vaccine that protects adults from pulmonary disease, the most
common outcome of TB. To develop the vaccines and therapeutics needed to control the TB
epidemic, we first need a better understanding of M. tuberculosis biology and the mechanisms
that cause disease.

A key mechanism that bacteria use to promote their survival is the targeted transport of bacterial
proteins, small molecules, or nucleic acids, directly into the host (secretion). The Champion lab
is focused on identifying novel genes and mechanisms required for mycobacterial protein
transport. We expect that this course of research will not only expand our understanding of M.
tuberculosis biology, but may also lead to the identification of novel targets for anti-virulence
based therapeutics against TB.

In this project, student research groups will explore the regulation of gene expression in the
ESX-1 secretion system of M. tuberculosis.  This model examines the connection between an
intergenic region of the TB genome and a protein known to negatively regulate gene
expression.  Each group will create a plasmid containing a specific mutation using a
site-directed mutagenesis approach, which incorporates techniques of PCR, electrophoresis,
and bacterial transformation.  The mutated DNA will be amplified and tested to determine if the
mutation affects the ability of the regulatory protein to bind to the intergenic region.

Students will have a chance to further their skills in molecular biology, gain additional experience
working in the lab, and will be introduced to the relevant primary literature around
mycobacterium secretion. This project requires strong attention to detail both in working at the
bench and in keeping lab notebooks, and resilience with troubleshooting procedures when they
do not generate the expected result.

Project schedule:
Introduction

1. ESX-1 secretion system
Producing a plasmid construct

2. Bioinformatics and designing PCR primers for cloning
3. Miniprep isolation of whiB6 plasmid
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4. Site-directed mutagenesis PCR
5. Electrophoresis and DPNI treatments for site-directed mutagenesis
6. Transformation into DH5alpha E. coli
7. Miniprep isolation and plasmid conformation

Evaluating protein-DNA interaction.
8. PCR amplification of whiB6 promoter
9. Electrophoretic mobility shift assay for protein-DNA binding

Data analysis and scientific communication
10. Data analysis and paper writing clinic
11. Final paper presentations

Analyzing the evolution of metabolic and signaling pathway genes through gene
annotation across the Drosophila genus

Laboratory professor: R. Montañez-González
Research Collaboration: Genomics Education Partnership (GEP)

Biological functions are based on complex networks and the evolutionary forces driving the
architecture of these networks are poorly understood. A “pathway” in a biological system can be
defined as a relatively discrete (though never completely isolated) portion of a network.
Generally, we view a pathway as a sequence of gene regulatory and enzymatic reactions that
produce some important biological outcomes (e.g., synthesize an energy storage molecule,
sense and regulate blood sugar levels).

In this project, students will be using network analysis approaches to better understand the
evolution and function of biological pathways. The Pathways Project is focused on annotating
genes found in well characterized signaling and metabolic pathways across the Drosophila
genus. The current focus is on the insulin signaling pathway which is well conserved across
animals and critical to growth and metabolic homeostasis. The long-term goal of the Drosophila
Pathways Project is to analyze how the regulatory regions of genes evolve in the context of their
positions within a network.

Students will use bioinformatic tools provided by the Genomics Education Partnership (GEP)
while learning molecular biology laboratory techniques. The project requires a fast learning
approach in order to put theory into practice. In addition, students will have the opportunity to do
independent research as part of the class. It will require them to learn and practice attention to
detail in their research and keeping a laboratory notebook.

Project schedule

1. Introduction to model organism (Drosophila) / Bioinformatic tools / Central Dogma
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Understanding Eukaryotic Genes
2. Introduction to Genome Browser (Module 1 and 2 ) / DNA extraction
3. Transcription and Splicing (Module 3 and 4) / PCR
4. Translation and alternative splicing (Module 5 and 6) / Gel electrophoresis

Pathways Project Walkthrough
5. Pathways Project Walkthrough
6. Quiz (Review of Key Concepts in preparation for Independent Research)

Independent Research/ Sequence Analysis
7. Working on Independent Project / Sequence Analysis/Alignment

Data Analysis and Scientific Communication
8. Gene Model Submission
9. Paper Writing Clinic
10. Final Paper Submission

Production and analysis of truncated NPC-1 gene constructs for potential gene
therapy of Niemann Pick Type C disease. (NPC)

Laboratory professor:  P. Vaughan
Research Investigator: K. Vaughan

Sections offered:  W 2:00 - 5:00 PM

Niemann Pick Type C disease (NPC) is a rare pediatric neurodegenerative disorder caused by
point mutations on two sterol-binding proteins in the lysosome: NPC1 and NPC2. This results in
pathological accumulation of cholesterol in the lysosome. Despite this clear deficit in NPC
disease, the field still lacks a model for cholesterol egress from the lysosome with any
consensus. The Vaughan lab recently identified a novel method of cholesterol transport:
Lysosomal Tubulation..In this model, a transmembrane kinesin known as StARD9 draws out
membrane tubules, containing cholesterol, off the lysosomal surface. Mutations of NPC1 result
in the loss of lysosomal tubules, and cholesterol accumulates to pathological levels in the
lysosome. The Vaughan lab has developed an assay of lysosomal tubulation in cultured cells.

This project proposes to identify a minimal NPC 1 protein to produce lysosomal tubules. NPC1
is a very large protein and the identification of a truncated gene and protein that could still allow
tubulation would be of great value to the field. Many studies are underway to attempt gene
therapy for NPC disease. One of the limiting factors of therapy is the size of the gene needed to
be transferred to a patient in a viral vector. Our ultimate goal would be to provide a collaborator,
who has mastered some aspects of NPC1 gene therapy, a functional, truncated NPC1 gene.

Students will use the skills they learned in the first semester of this course including DNA and
protein manipulation.The answers to the questions proposed in this project are not known and
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some of the techniques will be unfamiliar. This project is new for 2022 and students will be
expected to be flexible with failure and help with troubleshooting. Therefore, the semester will
provide new lab experiences and reinforcement of lab practices developed in the fall.

Project schedule:
Introduction

1 NPC disease and NPC 1
Producing a plasmid construct

2. Bioinformatics and designing PCR primers for cloning
3. PCR
4. Electrophoresis, DNA purification and ligation
5. Transformation into competent E. coli
6. Miniprep isolation and plasmid confirmation

Assessing protein production
7. Transformation into protein expressing cells
8. Protein expression by SDS-PAGE
9. Western blot analysis

Experimental
10. Delivery of constructs to Vaughan lab for tubulation experiments
11. Results

Data analysis and scientific communication
12. Data analysis and paper writing clinic
13. Final paper presentations
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Registration Information
Note: approximately ½ of seats in each section are reserved for 1st year students.

MYCOBACTERIA

Time period Lab Faculty Section # (CRN)

Monday
2:00-5:00 PM

Ben Rudenga 1 (26191)
2 (26197)

Tuesday
9:30 AM - 12:20 PM

Ben Rudenga 3 (26198)
4 (26199)

Thursday
9:30 AM - 12:20 PM

Ben Rudenga 5 (26200)
6 (26192)

Friday
2:00-5:00 PM

Sheryl Lu 7 (26193)
8 (26210)

GLOBAL CHANGE

Time period Lab Faculty Section # (CRN)

Tuesday
2:00-5:00 PM

Mark Olsen 9 (26211)
10 (26194)

Wednesday
2:00-5:00 PM

Mark Olsen 11 (26203)
12 (26204)

Thursday
2:00-5:00 PM

Mark Olsen 13 (26205)
14 (26206)

GENOMICS

Time period Lab Faculty Section # (CRN)

Tuesday
9:30 AM - 12:30 PM

Raquel Montañez-González 15 (26195)
16 (26209)

Thursday
9:30 AM - 12:30 PM

Raquel Montañez-González 17 (26196)
18 (26208)
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Thursday
2:00 PM - 5:00 PM

Raquel Montañez-González 19 (26207)
20 (26201)

NPC

Time period Lab Faculty Section # (CRN)

Wednesday
2:00-5:00 PM

Patricia Vaughan 21 (26202)
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