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The Freshman Research Initiative
(FRI) offers first year students the
opportunity to initiate and engage in
authentic research experiences with
faculty and graduate students in areas
such as chemistry, biochemistry,
nanotechnology, molecular biology
and computer science.

FRI spans three semesters of
integrated coursework and laboratory
research in newly renovated,
dedicated research labs. Students
move through the program in cohorts
of about 30. Students emerging from
FRI have experience with experimental
techniques, lab work, and a deep
understanding of the scientific
process and sometimes publications.

APTAMER

Full Stream Name: Aptamer

Principal Investigator: Andrew Ellington
Research Educator: Gwen Stovall

How can we use biochemistry and nucleic acids for
drug development and sensor applications?

The Aptamer Stream uses oligonucleotide

chemistry, in vitro selection methodology, and
biochemistry to develop novel therapeutics,
diagnostics, and molecular sensors. The tool of
choice for the development of these applications is an
«aptamer,» an oligonucleotide binding species. In the
Stream, students use the methods of in vitro selection
methodology to identify aptamers against a variety of
targets and develop their downstream application. For
example, aptamers targeting the precursors of
disease states could offer inhibitory functions, thus
serving as therapeutics to alleviate disease. Still

other aptamers against disease biomarkers

could be used in the development of disease
diagnostics. Additionally, some aptamers may serve
as gene regulators (such as synthetic riboswitches)
or for targeted drug delivery (such as nanoparticle
adjuncts).
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AUTONOMOUS ROBOTS

Full Stream Name: Autonomous Intelligent Robotics
Principal Investigator: Peter Stone

Research Educator: Justin Hart

The goal of this stream is to create a system of fully
autonomous robots inside the new Gates complex
to aid people inside the building. Students will learn
about and contribute to cutting-edge research in
artificial intelligence and robotics.

Students in the Autonomous Intelligent Robotics
stream are designing software for a system of robots
that will exist within the new Bill and Melinda Gates
Computer Science Complex. The stream’s goal is to
enable robots, and associated software agents, to
interact with building visitors and residents.

FRI students are working on a different autonomous
robotics challenge, namely the multi-robot interactive
system. Topics include indoor navigation, wifi
localization, human interaction, activity recognition,
multi-robot coordination, and many others.

This is a large programming project in which students
experience many CS ideas that they can learn in detail
as juniors or seniors in the Department of Computer
Science. These include: software engineering,
threads, message passing, distributed computing,
real-time systems, and Al algorithms. Additionally,
students with engineering backgrounds can apply
control theory and other engineering principles to the
design and control of the robots. Students also learn
about, and often contribute to, cutting-edge research
in robotics and autonomous agents.

BEHAVIORAL NEUROSCIENCE

Full Stream Name: Behavioral Neuroscience
Principal Investigator: Nigel Atkinson
Research Educator: Thilini Wijesekera

The Behavioral Neuroscience stream, students will

learn behavioral analysis, concepts in neuroscience,

and genetics. Specifically, we will use the Drosophila
melanogaster model system and simple behavioral
assays to study the effects of alcohol and neuroimmune
signaling. Many effects of alcohol on behavior and
health may arise from an effect on the neuroimmune
system. We will first examine the effect of alcohol on
agression (male-male fighting over resources), circadian
rhythmicity and sleep, voluntary alcohol consumption,
leraning, alcohol tolerance (defined as alcohol-induced
alcohol resistance), and alcohol withdrawal systems
using behavioral assays and statistical data analysis.
Then, we will use Drosophila genetics (mutants,
transgenes) to identify genes and neural circuits that
produce the alcohol response. Students will have the
opportunity to propose experiments of their own design!


http://www.cs.utexas.edu/
http://www.cs.utexas.edu/






http://www.cm.utexas.edu/
http://www.che.utexas.edu/

DISCOVERING SIGNALS

Full Stream Name: Sarah Simmons Cell Signaling
Principal Investigator: Stanley “Stan” Roux
Research Educator: Greg Clark

How does the environment impact what cells do?

A recent exciting discovery in plants is that ATP

is released into the cell wall during plant growth
where it plays a major role in controlling how fast
cells grow. Students in this stream carry out never-
done-before experiments on this topic and discover
significant new findings on how extracellular ATP
controls growth. They learn methods of experimental
design, data gathering, data interpretation, and data
presentation, and they learn principles of stimulus-
response coupling that apply equally well to animals
and plants. Specifically, students will do their
experiments on extracellular ATP signaling in root
hairs, an agriculturally important model system for
studying plant growth.

DISCRETE MATHEMATICS

Full Stream Name: Geometry, Symmetry, Groups
and Fields

Principal Investigator: Mark Daniels

Research Educator: Micheal Starbird

This stream will explore the following questions:

What are transformations in the plane?

What is an isometry?

How can we classify all the possible symmetries of
plane figures?

What sorts of combinations (groups) of symmetries
can we see in a given plane figure? (In answering
this question, we are introduced to permutations,
the symmetry groups, and the finite symmetric and
dihedral groups.)

What happens when we combine (compose) two or
more symmetries?

What sets of symmetries can be used to generate all
the symmetries of the plane?

What is the difference between groups, rings, and
fields as algebraic structures?

While exploring these questions, students will quickly
run into fundamental questions about what it means
to do mathematics: how can we define the terms

we are using to make sure everyone has the same
understanding? How do you convincingly show

that you know something must be true, rather than
just seeing that it's true for some specially chosen
examples? How do we communicate mathematical
ideas to others?
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DIY DIAGNOSTICS

Full Stream Name: DIY Diagnostics
Principal Investigator: Andy Ellington
Research Educator: Timothy Riedel

Be a part of the ongoing revolution of do-it-yourself
(DIY) health diagnostics! This new stream will design
and develop inexpensive andeasy-to-use medical
diagnostic tests intended for the patient to use at
home. This democratization of diagnosis will save
time and money and help combat the growing cost of
health care. Concurrent with developing diagnostic
tests, we will be building virtual interfaces to tap

into the power of medical and social data sets for
improving patient health. This stream is open to
developing diagnostic technology utilizing any tools
available including, but not limited to, biochemical
tests, electronics, robotics, and large data sets
including social networks.

ENERGY ANALYTICS

Full Stream Name: Energy Analytics
Principal Investigator: Michael Pyrcz
Research Educator: Jesse Pisel

Can we use modern big data analytics and machine
learning to improve characterization and modeling for
improved utilization of subsurface resources?

Recent numerical developments and improved
computational resources have led to a rapid
expansion of big data analytics and machine learning
implementations. These technologies are disrupting
many industries. Oil and gas has a long history

with big data from seismic surveys, production
monitoring, remote sensing and well-based

data. Additionally, there are various physics-based
engineering and stochastic statistical workflows.
There is an opportunity to adapt and tool big

data analytics and machine learning to optimize
subsurface development to maximize the value

of national energy resources and to minimize
environmental impacts.



FISH BEHAVIOR

Full Stream Name: Measuring the coevolution of
cognition and behavioural trade-offs in fish
Principal Investigator: Molly Cummings
Research Educator: Mary Ramsey

Fish are smart! But are some smarter than others?
And what does personality and/or social interactions
have to do with it?

We take a comparative approach to ask two primary
questions:

(1) Do learning capabilities vary predictably between
species with different types of social interactions?

(2) Is there a relationship between an individual’s
learning abilities and other behavioral attributes?
Is cognitive performance linked to activity, anxiety,
exploratory, mate choice, and/or sociability
behaviors?

Students will conduct experiments with local

and semi-wild fish populations to test how social
interactions influence four spheres of animal
behavior: mate choice, sociality, anxiety/exploration,
and general learning ability.

FUNCTIONAL GENOMICS

Full Stream Name: Functional Genomics Research
Principal Investigator: Vishy lyer

Research Educator: Dia Bagchi

How can we use genome sequences to better
understand the function and evolution of organisms
at the molecular level?

Next generation sequencing technologies explore the
molecular biology of organisms on a genomewide
scale. These cutting edge methods enable high
resolution inspection of whole-genome regulatory
interactions and gene expression. The Functional
Genomics Research Stream combines molecular
experimentation and creative computational
analysis to engage significant novel research into
the mechanistic understanding of transcriptional
regulation as well as the evolutionary underpinnings
of molecular behavior.

GENE NETWORKS

Full Stream Name: Vertebrate Interactome
Mapping

Principal Investigator: Scott Stevens
Research Educator: Al MacKrell

Students in the Vertebrate Interactome Mapping
(VIM) Stream investigate the ribonucleoprotein
complexes (RNPs) that facilitate mammalian gene
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expression. RNPs can regulate splicing to create
multiple mRNAs from a single gene, and control

the stability, cellular localization and translation of
MRNAs produced. We want to understand what
RNPs do and how they function. To do this, we are
studying the function of DExH box RNA helicases,
proteins that function in gene expression by
remodeling ribonucleoproteins. We are also studying
the diverse collection of G patch domain containing
proteins found in human cells. Proteins in this
family are frequently observed interacting with DExH
proteins and regulating their specificity and activity.
Our primary approach involves the expression of
affinity tagged proteins in mammalian cells, which
permits the tag-mediated purification of complexes
that contain the protein. We use this approach to
understand the functions of these proteins in normal
cells, and their role in the pathology of cancer and
developmental defects.

GEOMETRY OF SPACE

Full Stream Name: Geometry of Space
Principal Investigator: Karl Gebhardt
Research Educator: Shyamal Mitra

In the Geometry of Space stream, students will
begin to understand the large-scale structure of
the universe through a study of the distribution

of galaxies and clusters of galaxies using algorithms
developed in computational geometry and applying
techniques in data analytics. The galaxy data will

be obtained from the Hobby Eberly Telescope Dark
Energy Experiment (HETDEX), the Sloan Digital

Sky Survey (SDSS), and from the NASA/IPAC
Extragalactic Database (NED).

We will use computational geometry to obtain the size
and center of clusters of galaxies and data analytics
to determine member galaxies and outliers. We will
compute the velocity dispersion of he clusters and
their mass-to-light ratio. Specifically, one of the
questions that we will try to answer is - are there
interconnections between clusters and are the
clusters themselves clustered to form superclusters?
We will provide 3-dimensional maps of the
distribution of galaxies.

This is observational cosmology that is direct and
intuitive. The concepts in astronomy that we are
dealing with are simple but deep. Through our course
work we will develop the necessary programming
and data analysis skills. The results of this study

will deepen our understanding of the large-scale
structure of the universe and the geometry of space
that we live in.


http://hetdex.org/
http://hetdex.org/
https://www.sdss.org/
https://www.sdss.org/
https://ned.ipac.caltech.edu/
https://ned.ipac.caltech.edu/

GLOW WORMS

Full Stream Name: Glow Worms
Principal Investigator: Daniel Dickinson
Research Educator: Ryan Doonan

The Glow Worms stream involves CRISPR “knock-in”
technology to add a fluorescent protein tag (such

as GFP) to any gene of Caenorhabditis elegans, a
microscopic roundworm. This allows the expression
of the gene, and the behavior of its protein product,
to be observed in living animals without the need for
overexpression (see the movie for an example of a
worm embryo expressing two tagged proteins, one
green and one magenta). C. elegans is one of the most
widely used animal model organisms, particularly in
the fields of genetics and developmental biology.

LUMINATORS

Full Stream Name: Functional Materials Based on
Metal Complexes

Principal Investigator: Richard Jones & Emily Que
Research Educator: Lauren DePue

The Functional Materials Stream focuses on the
development of new functional materials. Students
are involved in ongoing research in photoluminescent
lanthanide coordination complexes. Recently, the
research in these novel functional materials has
attracted a great deal of interest because of their
potential applications in photovoltaic devices (solar
cells, which would relieve our emerging local, national,
and global energy crisis), fluoroimmuno-assays,

laser systems, bioprobes, and optical amplification.
The students will learn how to designh and synthesis
luminescent metal complexes and study the
relationship between the photophysical properties
and their coordination structures determined by X-ray
crystallography.

MAGNETIC MATTER

Full Stream Name: Electronic and Magnetic
Materials Research

Principal Investigator: John Markert
Research Educator: Matt Dwyer

How do you create materials with new electronic and
magnetic properties and structures?

This Research Stream focuses on materials physics
and the design and development of materials for use in
data storage, optics, sensors, and optical and infrared
astronomy. Students will learn new materials synthesis
via solid state reaction, followed by structural,
microscopic, magnetic, thermal, and superconducting
characterization of the materials. Students may

also perform cantilever micromagnetometry,
interferometry, and magnetic resonance microscopy.
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MICROBE HACKERS

Full Stream Name: Hijacking Microbial Factories
for Synthetic Biology

Principal Investigator: Jeffrey Barrick

Research Educator: Dennis Mishler

Microorganisms are the unparalleled masters of
building and breaking down chemical compounds.
Can we reprogram bacteria so that they perform
functions that are beneficial to society?

Microbe Hackers conducts research in the field

of synthetic biology. We manipulate the DNA
instructions for bacteria through genetic engineering.
By doing this, we reprogram bacteria to serve a
purpose of our choosing. Previous examples of this
approach include creating bacteria that are addicted
to caffeine, and using these bacteria to accurately
measure the caffeine content of beverages.
Students will first learn how to do this sort of genetic
manipulation and then move on to conduct research
on an already existing project or begin a new project.
Students from this stream will have the opportunity
to compete on the UT Austin iGEM team.

NANO CHEMISTRY

Full Stream Name: Nanomaterials for Chemical
Catalysis

Principal Investigator: David Vandenbout and
Richard Crooks

Research Educator: Tony Dylla

How do you make new types of nanoreactors?

In this Research Stream, students use cutting
edge technology to synthesize nanoparticles using
combinations of metals including copper, gold,
platinum, palladium, and nickel. The particles act
like “nanoreactors” to catalyze chemical reactions.
Nanoparticles are tiny, around one billionth of a
meter across, but they hold huge potential for use
in biosensors, drug synthesis, fuel production,
environmental remediation, and specialty chemical
production. Our goal is to identify the best chemical
catalysts that could eventually be used in these
applications.


http://barricklab.org/twiki/bin/view/Lab/UTiGEMTeam

PLANT PATHWAYS

Full Stream Name: Epidermal Cell Fates and Pathways
Principal Investigator: Alan Llyod

Research Educator: Tony Gonzalez

How is a cell’s fate determined?

This stream uses a comprehensive genetics approach
to investigate developmental mechanisms that lead
to cell fate decision events and the regulation of organ
differentiation pathways. Students will design and
pursue experiments using a broad range of genetic
strategies such as classical, molecular, forward and
reverse genetics. In the process students will learn
how to clone genes, engineer DNA, generate mutant
and transgenic organisms, document and analyze
data, and more. While this lab focuses on a plant
molecular/genetic model, all the technologies learned
in this stream are common to research in all modern
molecular/genetic model organisms.

PRACTICAL SENSORS (ARI)

Full Stream Name: Practical Molecular Sensors
Principal Investigator: Eric Anslyn, Andy Ellington
& Richard Crooks

Research Educator: Pedro Metola

This stream will focus on the implementation of several
sensing protocols in existing analytical devices to
further their potential, as well as explore a new approach
to selective molecular recognition. There will be three
distinct branches of research. The first project will
involve the adaptation of an electrochemical analytical
method on a paper platform for the determination of
hormones in biological media. In the second project
the students will use the in vitro technique of aptamer
selection (SELEX) to find those nucleotide compounds
that bind to receptor-analyte complexes as a means

to impart to them selectivity or enhanced binding
abilities against targets like polysaccharides and nerve
agents. The students in the third project of this stream
will be tasked with translating colorimetric assays

into a handheld spectroscopic device with the goal of
utilization in enology field tests and rapid drug analysis.

QUANTUM COMPUTING

Full Stream Name: Harnessing Quantum Physics
for Computation

Principal Investigator: Brian La Cour

Research Educator: Noah Davis

Quantum computers promise to revolutionize
computing as we know it. How do they work and what
are they really good for?

In this FRI stream, students will learn about quantum
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computing and explore how they may be used to
solve real-world problems. The work will consist

of a combination of both computer simulation and
hardware experimentation using the small state of
the art quantum computer available through the IBM
Quantum Experience. Students will engage in hands-
on learning and research using actual hardware that
may be accessed locally or remotely. Research topics
will include the following: (1) understanding how
quantum systems can be used to store and process
information, (2) understanding and implementing
quantum algorithms to solve specific problems, and
(3) methods of protecting quantum information using
quantum error correction. Students will benefit from
a background in basic linear algebra, familiarity with a
high-level programming language, and an introduction
to modern physics.

ROBOT LEARNING

Full Stream Name: Robot Learning from
Demonstration and Interaction
Principal Investigator: Scott Niekum
Research Educator: Rudolf Lioutikov

How can robots be easily programmed by non-
expert users in homes and workplaces? How can
robots learn to interpret and generalize human
demonstrations?

Currently, most robots are programmed meticulously
by robotics experts in a controlled laboratory
setting—a model that is obviously not scalable

to large-scale deployment. Robot learning from
demonstration has emerged as an alternative
paradigm for teaching robots new tasks by

simply showing them what to do, rather than by
writing code. Thus, learning from demonstration
research tries to answer the question: “How can
robots learn to interpret and generalize human
demonstrations?” Solving this core research problem
will enable the next generation of personal robots to
revolutionize the home and workplace in coming years.

This research stream will place students at the
cutting-edge of robot learning from demonstration
research, working with robots to perform complex
manipulation tasks, such as autonomously building
IKEA furniture. Students will be given instruction in
three core areas of robotics: manipulation, perception,
and human-robot interaction. Additionally, students
will learn and practice programming skills via hands-
on mini-projects in each of these areas. After these
key competencies have been acquired, students will
devise and implement research projects in the area of
learning from demonstration.





http://anslyn.cm.utexas.edu/research/
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Nanoluciferase as a reporter molecule to diagnose restrictive
cardiomyopathy (RCM) by measuring the amount of
amyloid Proteins with the ELONA test

Presenter(s): Jigyasa Acharya
Collaborator(s): Gwendolyn Stovall
Department(s): Department of Molecular Biochemistry

Restrictive Cardiomyopathy (RCM) is a disorder that results from the stiffness of the heart muscles leading
to impaired ventricular filling and eventually causing left or right heart failure (Muchtar, et.al, 2017). One of
the main causes of RCM is cardiac amyloidosis, which is the buildup of light chain amyloids, abnormal
extracellular proteins, that misfold and clump together to damage and affect the function of the heart (Petros,
et.al, 200). Due to the different nature of the origins of this disease, it becomes a challenge in diagnosing and
estimating the early occurrence of it (Muchtar, et.al, 2017). The current methods of diagnosing RCM takes a
large amount of time, money, and these methods are also not 100% effective. Using a target molecule, such
as Nanoluciferase, can increase the efficiency and faster diagnosis of RCM. Nanoluciferase, or NLuc, acts
on the substrate called furimazine that can generate the glow-type luminesce and efficient light emission and
is stable for greater than 15 hours at 25C-37C, which allows for the coupling with cellular processes
achievable (Hall, et.al, 2012). Finding an aptamer, which are single-stranded DNA/RNA oligonucleotides,
that bind with high affinity, against NLUC can be used to help report the abnormal proteins (amyloids) that
cause Cardiomyopathy for early diagnosis. This allows an inhibitory aptamer against NLuc along with the
ELONA test to be used in a signaling application for diagnosing RCM. An anti-Nanoluciferase aptamer
could be used for reporting the presence of harmful toxins and proteins in blood samples to diagnose RCM.
With the early discovery of RCM-causing abnormal proteins and genes, patients with this disease would be
able to utilize the current technologies used to treat the symptoms. Using the Sandwich Assay ELONA test,
this project would be used to develop an anti-Nanoluciferase aptamer that binds to another aptamer and
detects the presence of amyloids in the blood. By accurately estimating the presence of RCM, the challenges
of diagnosing the disease would be easier and increase the chance of survival.



Undergraduate Research Forum 2020 - Schedule of Presenters

2
The biodegradation of polymers

Presenter(s): Sanjna Bhatia; Jazzalyn Zou; Nick Gibson; Devang Deepak and Saketh Amasa
Collaborator(s): Moriah Sandy and Andrew Ellington
Department(s): Freshman Research Initiative, Bioprospecting Stream

Plastic and polymer pollution has had a wide range of negative effects of humans and wildlife all over the
earth. Our goal is to utilize the incredible versatility of degradative enzymes found in bacteria and fungi for
the biodegradation of polymers. Our research expands prior research because we expand the substrates of
biodegradation to polystyrene, polyethylene, polypropylene, and polyacrylamide (PAM). Potential plastic
degraders were isolated through the swabbing of plastic pollution samples acquired from Corpus Christi
beaches and potential PAM degraders were isolated from fracking well flood waters, as it is used as a
lubricant for natural gas drilling. A set of ten microbes were isolated and identified via Sanger Sequencing.
Plastic cultures containing a minimal media, microbe of interest, and pre-weighed plastic substrate were
constructed and incubated. After a couple weeks, the substrates are re-weighed and analyzed for degradation
through techniques such as Scanning Electron Microscopy. The best degraders for Polystyrene were Bacillus
flexus, Cladosporium, A. Niger, and Salinocola acroporae. The best Polypropylene degraders determined
were Psuedomona stutzeri, Cladosporium, Neurospora, A. niger, and Pseudomonas putida. The best
Polyethylene degraders were Bacillus flexus, A. Niger, and Cladosporium. Through the utilization of
photometric data, microbial declouding assays using a 1% PAM solution were devised in order to assess the
degradation potential of the isolated and identified microbes. From the set of ten microbes, there appears to
be data suggesting that the fungal genus Cladosporium presents a prospective candidate for polyacrylamide
degradation, showing significant declouding in one experiment in five days of measurement. Although these
results appear promising, further chemical analysis using Maldi Mass Spectrometry and IR Mass
Spectrometry will reveal greater details on the mechanisms for which the degradation occurs.
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Anti-HRP RNA aptamer utilized in an ELONA diagnostic
for alzheimer's disease

Presenter(s): Doru Gucer
Collaborator(s): Dr. Gwen Stovall
Department(s): Freshman Research Initiative Aptamer Stream

Alzheimer’s Disease is a neurodegenerative condition impacting millions of people and is characterized by
the deterioration of cortical structures leading to a loss of function in several cognitive processes, most
notably memory. Despite the debilitating effects of the illness and its widespread prevalence, a definitive
diagnosis prior to an autopsy has remained elusive to the medical community. One of the primary
pathological hallmarks of the disease is an overproduction of beta-amyloid peptides and their subsequent
deposits in the brain as senile plaques. Thus, a complex utilizing a reporter molecule designed to signal an
increase in the precursor elements of these plaques could potentially serve to indicate the onset of the
disease. A notable example of such a reporter molecule is horseradish peroxidase (HRP), a fluorescent
enzyme found in the roots of the horseradish plant. A novel solution to test for Alzheimer’s may be found
utilizing aptamers: short sequences of oligonucleotides that are highly specific to their targets. The degree of
specialization that aptamers have to their targets and the inexpensive in-vitro nature of their manufacture (as
opposed to antibodies created through in-vivo methods) make them ideal candidates in diagnostic
applications. Therefore, the objective of this study is to select for an aptamer that binds to the HRP reporter
molecule to subsequently create an enzyme-linked oligonucleotide (aptamer) assay (ELONA) designed to
detect increased beta-amyloid peptide prevalence in the brain. This aptamer will be isolated through iterative
in-vitro SELEX (Sequential Evolution of Ligands by Exponential Enrichment) selection processes.
Currently, the third round of aptamer selection is underway. Once 6-8 rounds of selection have been
completed, the resulting product will be sequenced, and binding assays will be conducted to determine the
selectivity of this detection aptamer towards HRP so that it may be incorporated into the diagnostic ELONA
downstream.
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Discovery of novel inhibitors against D-alanine: D-alanine
ligase in bacillus anthracis using virtual screening

Presenter(s): Marie Lee, Inaara Sunesara and Pareesa Hamed
Collaborator(s): Josh Beckham
Department(s): Department of Molecular Biology

D-alanine: d-alanine ligase in Bacillus anthracis is crucial for the viability of the organism, forming a
peptidoglycan precursor to build the bacterial cell wall for protection against threatening environments.
Targeting BaDala is critical as anthrax is a common disease that affects developing areas around the world,
where close proximity allows for easy transmission of the disease. Our drug discovery research used
computational efforts to screen potential inhibitors based on structure and binding with x-ray crystallography
data of BaDala in a program called GOLD. The control ligands were validated by the docking algorithm and
small libraries were subsequently screened to keep the top 10% of each library. In the wet lab the BaDala
protein was analyzed through PIPE cloning procedures to make the recombinant plasmid to be transformed
into the BL21 (DE3) strain of Escherichia coli. Various rounds of primary and secondary PCR used
oligonucleotide primers and designed tail primers to amplify the coding DNA sequence region of the gene,
which was successfully obtained when analyzed through gel electrophoresis. From the results, the molecules
that were identified as possible inhibitors of BaDala could be tested in enzyme inhibition assays. Efforts
toward finding a cure for anthrax could be paramount to what is currently known, which would be
advantageous to the growing communities around the world.
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Testing reverse transcription xenopolymerase with an
aptamer selection

Presenter(s): Stacey Jose
Collaborator(s): Christine Mai, Gwendolyn Stovall, and Sanchita Bhadra
Department(s): Freshman Research Initiative

Cellular reagents, enzymes produced in mass quantities through recombinant bacteria and lyophilized, have
been shown to be better alternatives to purified reagents with the benefits of cost-efficiency and stability.
Reverse transcription xenopolymerase (RTX) is an example of a reverse transcription (RT) cellular reagent
developed from a DNA polymerase to incorporate proof-reading capabilities unavailable in other RNA
polymerases for the correction of errors in the resulting synthesized complementary DNA (cDNA). The goal
of this project is to compare the commonly-used reverse transcription enzyme and RTX to determine if the
latter can provide the same function as typical reverse transcription enzymes widely used nowadays and to
promote the widespread use of the cheaper, unpurified cellular reagent. A test with the two RT enzymes in
parallel demonstrated that RTX can produce the same expected results as the RT enzyme; to further the
results, a “proof of concept” aptamer selection against the lysozyme target using the SELEX method is
currently underway with the enzyme utilized in reverse transcription substituted with RTX to prove the
benefits of this cheaper alternative. The aptamer selection involving RTX has been run parallel to a similar
reaction involving normal reverse transcriptase to eliminate any confounding factors. Additional side
projects, such as the storage of RTX in different temperatures (-80°C,-20°C, -4°C, 25°C) and in 10%
glycerol, are also being performed to further research the stability of the enzyme. After at least five rounds
of aptamer selection, the obtained sequences will undergo Sanger sequencing for determination of
components and binding assays for quantification of activity.
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Beta-Catenin regulates cell density-sensitive genes during
mouse embryonic stem cell differentiation

Presenter(s): Aparna Kambhampati
Collaborator(s): Lucy Leblanc
Department(s): Department of Biochemistry

While cell density is known to regulate a variety of processes such as adipogenesis, symmetry breaking, and
miRNA biogenesis, its effect on embryonic stem cell physiology and function is not well known.
Beta-catenin is a dual-function protein that is involved in regulating cell-cell adhesion and gene
transcription. We first establish that cell density affects global gene expression. In order to understand why,
we tested Beta-catenin and discovered that manipulating levels of Beta-catenin helps reduce the difference in
gene expression between low and high density ES cells during differentiation. We also reveal that
knockdown of Beta-catenin downregulates genes that differentiate in low density and upregulates genes that
differentiate in high density. Furthermore, we look at how density may influence differentiation towards
specific cell fates such as pancreatic cells. Subsequently, we show that induction of endoderm markers
versus other lineages and pancreatic progenitor markers is not strongly affected by density, except in two
endoderm cases where low density favors induction of Foxa2 and Sox17. Some neural markers, on the other
hand, are strongly affected by density, but do not show any lineage specificity. For example, Hes5 and Nefm
are affected by density in all conditions, whereas Vim and Cspg4 are affected by density only in the Laminin
coating condition and not the Fibronectin coating condition. Our demonstration of the effects of cell-seeding
density and the knockdown of Beta-catenin on global gene expression provide insight into improving
reproducibility in biology by more carefully controlling cell density and its target pathways.
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Development of a “hot start” version of reverse transcriptase
xenopolymerase (RTX) using inhibitory aptamers in order
to promote Enzyme Fidelity

Presenter(s): Sophie Liu
Collaborator(s): Gwendolyn Stovall
Department(s): Department of Molecular Biosciences, University of Texas at Austin, Austin, Texas

Reverse transcriptase (RT) is an enzyme that generates cDNA from an mRNA template, but it has issues of
low fidelity — how accurate a resulting nucleotide strand is in comparison to its template — due to its inability
to proofread and a suboptimal working temperature range. The resulting inaccuracies can be costly and time
consuming for researchers. This pervasive issue led to the synthesis of reverse transcriptase xenopolymerase
(RTX) in 2016. RTX can proofread, but the suboptimal working temperature range remains, meaning
inaccuracies such as target independent amplicons can still arise in procedures such as RT-PCR. Therefore,
developing an aptamer to inhibit RTX function at room temperatures to generate a “hot start” version of the
enzyme is necessary to achieve the best fidelity of RTX. Aptamers, oligonucleotides that can bind to targets
with high specificity, are an optimal solution due to their stability over a broad range of temperatures and
their ability to be denatured multiple times, enabling easier transport and storage of the final commercial
product. The selection of an inhibitory aptamer was done by performing the cyclical, in vitro systematic
evolution of ligands by exponential enrichment (SELEX) method. The process involves narrowing down of a
large, highly diverse starting pool of aptamers into a smaller, less diverse one through multiple rounds of
selection. Each round involves the isolation and amplification of tightly binding RNA species and has
conditions grow increasingly stringent with each successive round to gradually reduce variation in the
working pool. As of the time of this presentation, four rounds of selection have been completed, and a fifth
cycle is in the planning process. In addition, interim results from the round four selection are being prepared
for Sanger sequencing in order to determine whether selection is occurring appropriately.
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ELONA diagnostic using horseradish peroxidase to detect
cerebrospinal fluid SNAP-25 protein as a biological marker
for schizophrenia

Presenter(s): Nhu Nguyen
Collaborator(s): Gwendolyn M Stovall
Department(s): Freshman Research Initiative

Schizophrenia is a mental disorder that affects how a person thinks, feels, and behaves with hallucinations
and delusions. According to the Global Burden of Disease Study conducted in 2016, schizophrenia is one of
the top 15 leading causes of disability worldwide. Unfortunately, it is currently not possible to accurately
diagnose schizophrenia as most symptoms are subjective. Synaptosomal associated protein, 25 kDa
(SNAP-25) 1s directly involved in the regulation of neurotransmitters and exocytosis. Interestingly, there is
an elevated level of cerebrospinal fluid SNAP-25 only in those with schizophrenia and not any other mental
illnesses. From this data, it can be concluded that SNAP-25 is a potential biological marker for
schizophrenia. An aptamer Enzyme-Linked OligoNucleotide Assay (ELONA) diagnostic method provides
an effective way of measuring SNAP-25 in cerebrospinal fluid for the diagnosis of schizophrenia. An
aptamer is an oligonucleotide isolated from a diverse collection of species that binds specifically to a protein,
cell, or other targets. The ELONA method is used in which the traditional antibody in diagnosing tests is
replaced with an aptamer. Aptamers are effective in place of antibodies due to their specificity, versatility,
and stability. An aptamer can be found using the SELEX (Systemic Evolution of Ligands by EXponential
enrichment) method is used in which the mostly tightly bound substance after successive rounds of washing
and eluting is the aptamer. To use aptamers as a diagnostic tool for schizophrenia, the target biotinylated
horseradish peroxidase (HRP) can be used. HRP is an enzyme primarily used in bio-labs as a reporter
molecule, which can easily detect another molecule through means such as creating a colorimetric response
to the presence of another molecule once bounded. Large scale PCR of round 2 of aptamer selection is
currently underway after obtaining enough RNA from the initial round and after successfully binding the
target and finding an optimal cycle numbers for the selected target.
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Aptamer against CIAP for monitoring the prognosis of
osteosarcoma

Presenter(s): Taylor Oliphant
Collaborator(s): Gwendolyn Stovall
Department(s): Freshman Research Initiative

Osteosarcoma is a type of cancer that begins in the bones, with 800-900 new cases reported annually (Key
Statistics for Osteosarcoma, 2018). All cancers produce tumor markers, and the most effective tumor marker
for osteosarcoma is Alkaline Phosphatase (ALP) (Ren, 2015). Testing levels of ALP is commonly done after
a diagnosis of osteosarcoma to determine the prognosis of the cancer. An aptamer can be produced that binds
to CIAP, due to the protein’s similarity to ALP, for diagnostic use. The development of this aptamer would
lower the costs of monitoring osteosarcoma by lowering the costs of producing the ALP tests. Aptamers are
oligonucleotides with high binding specificity. The goal of this project is to find an aptamer that can be used
in place on the secondary antibody during a sandwich ELISA diagnostic test. The aptamer would connect the
ALP to the reporter molecule that produces the colorimetric response. The ability to produce aptamers using
in vitro methods would lower the cost of the ALP tests. In vitro aptamer selection will be performed against
CIAP using the N71 RNA pool. This method will be used to identify an aptamer that binds to CIAP with a
high affinity. This will be done using the bead-based SELEX method. This project is in the fourth round of
selection undergoing amplification. After several rounds of selection, if an aptamer is identified, it will be
sequenced so it can be replicated for use in an ELISA diagnostic for the detection of osteosarcoma.
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Discovery of new inhibitors of D-alanine: D-alanine ligase
of Yersinia pestis by structured-based virtual screening
Presenter(s): Yasmeen Patel

Collaborator(s): Josh Beckham
Department(s): Department of Molecular Biosciences, Department of Chemistry

The terminal dipeptide, D-Alanine: D-Alanine, peptigoglycan precursor of UDPMurdN/Ac-pentapetide is a
very crucial building block incorporated in peptidoglycan cross-linking. It is synthesized in the bacterial
cytoplasm by the enzyme D-Alanine: D-Alanine Ligase (Ddl). Structured-based virtual screening of the Zinc
CB diversity set of almost 25,000 compounds was performed with DdIA isoform from Escherichia coli using
the computational tool GOLD. In addition to this, the top 15 ligands of DdIA isoform were screened using
GOLD to determine whether the best ligand has been identified. Therefore, through wet lab experiments,
three compounds are soon to be identified that inhibit the enzyme with Ki values in the micromolar range.
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Examining patient survival and cell line viability data to
identify drug combinations for cancer treatment

Presenter(s): Sairahul Pentparthi
Collaborator(s): Song Yi
Department(s): Department of Biochemistry

Cancer has long been considered a disease considered to be driven by molecular deregulation. Drug
treatments focus on neutralizing this deregulation, but side effects often limit the dosage strength of any one
drug, enabling drug resistance to arise from surviving cells. Consequently, drug combinations aim to knock
down multiple genes simultaneously. This enables both more specific targeting of cancer cells and reduced
resistance to the treatment regimen, representing a promising therapeutic route. Certain pairs of genes,
described as synthetic lethal genes, are potently lethal when knocked out in combination. Using public
databases, we explored a list of genes with available drugs to identify good drug combination candidates for
preclinical exploration in cancer cell lines. In order to identify gene pairs, we assimilated data from the
Cancer Genome Atlas, or TCGA, and the Cancer Cell Line Encyclopedia (CCLE). First, we used TCGA
data to identify gene pairs associated with improved patient survival in different cancers. Next, we
cross-referenced the drugs associated with the pairs to search for enhanced lethality in cell lines on CCLE.
Starting from 1,007,490 possible pairs, we aim to filter the data down significantly. After identifying pairs
associated with patient survival and cancer lethality, we examined the implicated genes’ potential role in
different pathways. Ultimately, we aim to examine promising drug combinations in cell lines and assess
effects on gene expression and proliferation.
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Virtual screening for novel inhibitors for
6-phosphogluconate dehydrogenase

Presenter(s): Dzung Pham
Collaborator(s): Josh Beckham, Walter Fast
Department(s): Department of Molecular Biosciences

The purpose of this research is to implement virtual screening to more efficiently identify novel inhibitors for
6-phosphogluconate dehydrogenase (6PGDH) in Leishmania major to better treat leishmaniasis disease. It is
crucial to accelerate the process of drug discovery to more effectively prevent the disease. 6PGDH is a
crucial cytosolic enzyme in the pentose phosphate pathway (PPP) that synthesizes NADPH and ribulose
S-phosphate, which acts as a precursor to sugar for DNA and RNA biosynthesis. Since 6PGDH has an
essential role L.major, this enzyme serves as a promising target when discovering novel small molecule
inhibitors. Unlike drug discovery via High Throughput Screening (HTS), where compounds are individually
tested for their effect against enzymatic activities, virtual screening is more cost and time effective due its
capability to screen hundreds of thousands of compounds in a few days. We implement 3D molecular
ligand-docking programs, such as GOLD (Genetically Optimized Ligand Docking), to virtually analyze the
bonding interactions between enzyme and ligand in order to predict the most favorable binding affinity. In
order to search for novel inhibitors, more than 124,000 compounds from the ZINC library were screened,
and the top ten highest scoring compounds, filtered using Lipinski’s Rule of Five, were selected for use in a
binding assay. Expression of the 6PGDH enzyme was performed for testing in binding assays with candidate
compounds from virtual screening. If the results from the binding assay demonstrate strong inhibition, the
findings will contribute to the knowledge of to improve treatments against the leishmaniasis disease.
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Development of an aptamer hot start RT-PCR enzyme for
reverse transcription xenopolymerase

Presenter(s): Brandon Ta
Collaborator(s): Gwen Stovall
Department(s): Freshman Research Initiative

Reverse Transcriptase (RT) is an enzyme used in labs in the process of converting RNA into DNA. This
enzyme, generated from viruses that use it to function, can often be inaccurate as it lacks the proofreading
functions seen in DNA polymerase that goes over and corrects errors in transcription. As a result, reverse
transcription xenopolymerase (RTX) was engineered with a proofreading region that works more efficiently.
However, a problem that still exists is the tendency of RTX to still generate non-specific products due to
mispriming at temperatures below the ideal annealing temperature specific to the sample. This can be solved
by creating a “hot start” using an inhibitory molecule, which in this case will be a highly specific
oligonucleotide called an aptamer. This inhibitory aptamer prevents reverse transcription until reaching the
appropriate annealing temperature at which the molecule will fall off and allow reverse transcription to
begin. While a “hot start” already exists for RT, it is more reasonable to develop one for RTX as well as it is
more accurate and much cheaper than RT, making it a better candidate for widespread laboratory use. An
aptamer is found using the SELEX process of cycles of selection and enrichment until a highly specific
sequence is found. Currently, progress is on the second round of selection where the pool of available RNA
sequences is being reduced and amplified for subsequent rounds.
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AcrlIA11 1s a broad range inhibitor of Cas9

Presenter(s): Cynthia Terrace
Collaborator(s): Kaylee Dillard and Kamyab Javanmardi
Department(s): Department of Molecular Biosciences

Clustered regularly interspaced short palindromic repeats (CRISPR) is an adaptive immune system that
protects bacteria from predatory bacteriophages via CRISPR associated proteins (Cas). Anti-CRISPR
systems are the bacteriophage’s defensive response to the CRISPR-Cas system and operate through many
diverse mechanisms to inactivate CRISPR-Cas enzymes. Here, we determine the novel mechanism of a
broad range anti-CRISPR protein, AcrlIA11. We show that AcrlIA11 broadly inhibits orthologs of the
CRISPR-Cas enzyme, Cas9. By directly interacting with the Cas9 enzyme and the dsDNA, AcrllA11
prevents Cas9 from finding its target by sequestering it at off-target sites. Therefore, we provide a
comprehensive mechanism of how AcrlIA11 efficiently inhibits Cas9 activity. This work provides insight
into how phages evolve to overcome CRISPR immunity, and could inform future studies to improve or
create novel anti-CRISPR proteins.
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CDX2 transcription factor mutation on T194 sequence and
its inhibitory activity of ATM kinase

Presenter(s): Zehra Tombul
Collaborator(s): Dr. Soo Hyun-Yang, Dr. Tanya Paull, Dr. Karen Browning
Department(s): Department of Molecular Biology

DNA double strand breaks are dangerous if mis-repaired or unrepaired: they can lead to insertion, deletion,
and translocation in the DNA sequence, altering the genetic makeup in ways that often lead to cancerous cell
formation. The MRE11/RADS50/NSB1 complex, MRN complex, plays a key role in regulation of the normal
repair of double stranded breaks, DSBs, as it activates ATM Kinase, a kinase that can target proteins
downstream and activate proteins involved in DNA repair. CDX2, a caudal type transcription factor 2, is a
homeobox transcription factor that is expressed in epithelial cells that is proposed to have an inhibitory effect
on ATM activity in the presence of DSBs. CDX2 is proposed to inhibit the interactions between MRN and
ATM, which prevents the activation of the signal transduction pathway, preventing the DSBs from being
repaired. The purpose of the CDX2 project is to identify a site within the homeobox domain that is
responsible for the inhibitory effects on ATM kinase and creating a mutation that will no longer inhibit the
ATM-MRN interaction but will allow for the protein to retain its transcription factor characteristics. In this
project, amino acids within the homeobox domain that are away from the DNA binding site were targeted
via site-directed mutagenesis to create a CDX2 mutant that can retain its transcription factor characteristics
but lose the ATM inhibitory effects. In this specific project, the 194th amino acid, Threonine (T) was
targeted and mutated into Aspartic acid (D). The T194D mutant was expressed in E. coli cells and the
proteins were purified through Maltose Binding Protein affinity chromatography. Additionally, the protein
was quantified, and an in vitro DNA binding assay was performed. It was confirmed that T194D mutant
retained its transcription factor characteristics. Following these results an in vitro ATM Kinase assay will be
performed to observe the mutant’s interaction with ATM Kinase in DSB repair process. In the meantime, the
wild type CDX2 protein have been expressed and purified and quantified to perform an in vitro DNA
binding assay as a control, along with the T194D mutant. The mutant has preserved its transcription factor
characteristics as it was bound to the DNA just as the wold type protein, which is a promising result.
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RNA aptamer against glucose oxidase to initiate glucose
starvation and cell death in acute myelogenous leukemia

Presenter(s): Kathy Tran
Collaborator(s): Gwen Stovall
Department(s): Department of Biochemistry; FRI Aptamer Research Stream

Acute Myeloid Leukemia (AML) is characterized as a blood and bone marrow cancer affecting over 20,000
cases per year in the United States alone. There are various invasive treatments found to eliminate AML
cells such as chemotherapy, radiation therapy, stem cell transplant, and surgery which can be very harmful to
affected patients. These current treatments for AML are not targeted to only cancerous cell death causing a
level of concern. An aptamer is a sequence of oligonucleotides with a high binding affinity to a target
molecule. The Aptamer Lab where this research is conducted utilizes the SELEX method to obtain RNA
aptamers. The target molecule utilized in this research is an enzyme that catalyzes glucose modification -
Glucose Oxidase. A therapeutic treatment is underway utilizing an anti-GOx aptamer and a conjugate
KHICI12 aptamer. Past aptamer research has unveiled an aptamer against AML cells, also known as a
KHICI12 aptamer. Ideally, an anti-GOx aptamer would bind to the KH1C12 aptamer by the incorporation of
a complementary sequence, which then binds to receptor proteins on the surface of AML causing the cell to
engulf both aptamers. Liposomal drug delivery will also be utilized to ensure the delivery of GOx to the
target site of the cell. Glucose oxidase then catalyzes the oxidation of glucose to hydrogen peroxide and
D-glucono-1,5-lactone. GOx consumes glucose which provides an alternative strategy for cancer-starvation
therapy and the production of H202. The loss of glucose prevents the cell from undergoing glycolysis and
respiration, which results in no ATP production in cancer cells, leading to apoptosis of the AML cell. This
treatment would provide a more effective, safer treatment for AML, holding a prominent impact on the
quality of life, patients’ prognosis, and cancer research.
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Optimization of DYRKIA purification to biochemically and
structurally characterize kinase specificity with the CTD
substrate

Presenter(s): Haoyi Wu
Collaborator(s): Wendy Matthews, Mukesh Kumar, Seema Irani, Thomas Dang and Yan Zhang
Department(s): Department of Molecular Biosciences

The phosphorylation states of the individual residues on the heptad repeats of RNA polymerase II C-terminal
domain regulates the eukaryotic transcription process. DYRK1A, dual specificity tyrosine phosphorylation
regulated kinase 1A, specifically phosphorylates Ser2 on the YSPTSPS motif and is previously found to
control a set of key myogenic genes. The kinase has been found to regulate brain development and cognitive
function, and abnormal DYRK1A mutations are associated with neurodegenerative diseases like Alzheimer’s
disease. In this project, the cloning, expression, purification, and characterization process to obtain DYRKI1A
WT is discussed. DYRK 1A mutants were also purified as part of a structural analysis to explore CTD kinase
phosphorylation specificity of the heptad repeat substrate. The results to this study will provide important
understanding of the RNA polymerase II post-translational modification process by elucidating how kinases
with similar structures phosphorylates distinct targets that are flanked by similar residues.
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Alzheimer’s disease ontology to support electronic health
records data mining

Presenter(s): Grace Xiong
Collaborator(s): Fang Li, Cui Tao
Department(s): Department of Neuroscience; UTHealth School of Biomedical Informatics

Alzheimer’s disease (AD) is a chronic neurodegenerative disorder characterized by the accumulation of
beta-amyloid plaques and protein tau tangles in the brain. AD affects the lives of more than 50 million
people worldwide and one of the main causes of dementia among older adult. Given the exigency of the
situation, research on AD has skyrocketed over the past few years. Unfortunately, even with large amounts of
data, there still lacks a treatment to slow the progression of AD. The relative lack of knowledge derived from
new AD data poses a problem for health professionals diagnosing AD patients and researchers building upon
previous findings. An informatics approach (machine learning, deep learning) to automatically mine new
clues from large-scale data can be a solution. In this article, we introduce our preliminary efforts on
designing an ontology specific for supporting the data mining of electronic health records. POADO (Patient
Oriented Alzheimer Disease Ontology), is a comprehensive compilation of the most recent information about
AD, including the essential elements of both the macro (symptom, risk factor, diagnosis, treatment) and
micro-level (anatomy, biomarker, drug, gene, pathology, stage, target, protein, subtype). To enrich the
ontology (classes and properties), direct import from well-curated databases and manual extraction from
high-quality papers was performed. After manual curation and expert review, an evaluation for its usefulness
and community-consensus via Ontokeeper, a semiotic-driven and web-based tool, will be performed. As an
in-depth knowledge base, POADO would be promising in enabling computational algorithms to facilitating
novel AD subtype discovery.



Undergraduate Research Forum 2020 - Schedule of Presenters

30

Drug discovery of cryptosporidium parvum

Presenter(s): Grace Xiong
Collaborator(s): Josh Beckham
Department(s): Department of Neuroscience; Virtual Drug Screening Lab

Due to the prevalence of waterborne diseases worldwide and the lack of drugs to treat Cryptosporidiosis, C.
parvum is a relevant disease for drug discovery. One viable target is lactate dehydrogenase (CpLDH), an
essential cytosolic enzyme involved in the process of glycolysis to produce ATP. GOLD, a computer
software used to dock the 3D model of CpLDH, was used to facilitate virtual screening. The top scoring
compounds will be tested with a physical replica of CpLDH, created through three rounds of PCR (primary,
IPIPE, and squared), cloning into pNIC-Bsa4, transformation into E. Coli BL21 cells, induction with
isopropyl ?-D-1-thiogalactopyranoside (IPTG), and purification with nickel affinity chromatography with
6xHis tag. GOLD results indicate ZINC12428242 from the Zinc CB pH 7.0 large library and C21H28N205
from the LOPAC small library are most promising in terms of predicted drug activity from the GOLD
scores. Preliminary cloning results indicate that the full length coding sequence sequence has been isolated.
The next step would be PCR squared and cloning CpLDH into pNIC-Bsa4 for protein expression. This work
could potentially identify a novel inhibitor for CpLDH.
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Determining the individual recognition abilities of G. affinis

Presenter(s): Elena Adams, Serena Phillips and AJ Varner
Collaborator(s): Mary Ramsey
Department(s): Department of Biology, T.S. Painter Hall

Social recognition is a fundamental component in the overall behavioral-cognitive profile of a species, and
has been established across many fish species. It is unclear, however, to what degree general social
recognition extends to true individual recognition in fish. Distinguishing between individuals in a social
setting can drastically affect fitness; for example, distinguishing between shoaling partners, distinguishing
previous and potential mates, and recognizing which rivals one has previously won or lost too. In this
experiment, we hope to extend the knowledge of individual recognition to the western mosquitofish,
Gambusia affinis. G. affinis is considered one of the most invasive species worldwide, which may affect
how they approach social decisions. In order to determine whether G. affinis can distinguish between two
stimuli, we tested their behavioral response to novel vs. familiar individuals; and familiar vs novel objects as
a control. Familiar subjects were pulled from the same population and were housed in the same tank for one
month along with a familiar object — a green or red sponge. Novel stimuli were pulled from a separate
population and housed in a tank with a different color sponge, out of the visual range of the familiar subjects.
Our measure of familiarity was the proportion of time spent near the novel vs familiar stimuli, using visual
cues alone to distinguish the two. We expected that there would be a difference in the amount of time G.
affinis spent with a novel vs familiar fish, but no difference between novel vs familiar objects. Our results
indicated that G. affinis had no strong preference for either novel or familiar individuals. This may be due to
our experimental environment, which may have caused our subjects to be less concerned with social
discrimination and more focused on the new environment.
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Genetically engineering cyanobacterial consortia to produce
heavy metal biosensors

Presenter(s): Dominic Borbon and Shireen Shah

Dominic Borbon, Shireen Shah, Grace McCrea, Ashley Gilliam, Sophie van Dijke, and
Dennis Mishler

Department(s): Department of Molecular Biosciences, University of Texas at Austin

Collaborator(s):

Microbial consortia have emerged as systems of interest for biotechnology and synthetic biology due to their
ubiquity in nature, resistance to environmental stress, and diverse biochemical characteristics (Hays et al.
2015, Brenner et al. 2008). The target consortium of this research is the filamentous cyanobacterium
Oscillatoria lutea and its associated microbial symbionts which were modified to construct a genetically
engineered cyanobacterial consortia. To construct this system, cyanobacteriaassociating symbionts were
genetically engineered to express GFP through a community-wide bacterial conjugation. Transconjugant
symbionts were isolated and reintroduced back to non-modified O. lutea communities and visualized
throughout time with fluorescence microscopy. Additionally, changes in the community composition of
engineered consortia were monitored through nextgeneration 16S profiling. The applicability of this system
was demonstrated by constructing a community-based arsenic-antimony biosensor from isolated
cyanobacteria-associating symbionts. Ultimately, this research contributes to the scarce body of work
surrounding modified filamentous cyanobacterial consortia and exemplifies the potential for this novel
system to be extended to other biotechnological applications such as bioremediation, agriculture, and the
production of industrially important biomolecules.



Undergraduate Research Forum 2020 - Schedule of Presenters

35

Investigating the Role of Ubiquitin Pathway Genes in
Embryonic Cell Polarity via Crispr/Cas9 Fluorescent
Protein Knock-in

Presenter(s): Tiffany Bui, Christine Collins, Ella DeMott and Peter Dunlap
Collaborator(s): Ryan Doonan
Department(s): Biological Sciences

Cell polarity is when certain proteins are expressed more on one side (e.g. anterior) of the cell than the other
side (e.g. posterior), resulting in asymmetric cell division. Understanding how cell polarity is established is
important because it is required for cell differentiation as cells divide and an embryo grows. The microscopic
worm, Caenorhabditis elegans, is ideal for studying embryonic cell polarity because of stereotyped
development, the vast quantity of embryos they produce, and because they are easy to genetically
manipulate. During asymmetric division of the C. elegans zygote, certain proteins such as atypical protein
kinase C (aPKC) and partitioning proteins (PARs) are required for polarization. However, the proteins
phosphorylated by aPKC are mostly unknown. Thus, we did a screen using proteomics to look for aPKC
interactors and we identified ubiquitin pathway proteins such as eel-1, math-33, usp-14 and H34C03.2,
which are all conserved in humans. The ubiquitin pathway targets cell proteins for destruction by a
proteasome. This suggests that protein degradation is important for cell polarity, but how? Using Crispr/Cas9
knock-in technology, we plan to see how the ubiquitin pathway plays a role in determining the polarity of the
zygote in C. elegans by tagging the above proteins with green fluorescent protein (GFP). We want to
visualize how these proteins interact within the growing C. elegans embryo, to see if they are

asymmetrically expressed and whether this is dependent on aPKC or PARs. From there, we hope to come up
with a more specific hypothesis for how aPKC might regulate the ubiquitin pathway and activate
ubiquitin-dependent protein degradation. With this research, we will be able to apply this knowledge to our
understanding of how cell polarity works in humans.
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Mitochondrial respiration in silene plants

Presenter(s): Gina Carrion
Collaborator(s): Justin Havird
Department(s): Department of Integrative Biology

Mitochondrial (mt) genomes of animal species typically have high mutation rates while angiosperm mt
genomes have slow mutation rates. However, in the angiosperm genus, Silene, some species display high mt
mutation rates like animals, while other, closely related Silene species maintain the typical slow mt mutation
rate seen in other angiosperms. This allows us to investigate the consequences of mt mutation rate for mt
function. Previous studies have shown “fast” Silene species still have functional mitochondria, via either: 1)
nuclear mutations that compensate for rapidly accumulating, possibly deleterious mt mutations or 2) strong
purifying selection on mt mutations. To determine if mt function is altered in the “fast” Silene lineages, we
compared the mt respiration rates of “fast” Silene species to the mt respiration rates of “slow” Silene species.
We isolated mt from the leaves of 6 fast species and 6 slow species (including multiple accessions for each
species) and measured the mt respiration rates for each species using a new protocol for the Oroboros O2K
respirometer. This new protocol allowed us to quantify how much mt respiration relied on “chimeric” mt
protein complexes made up of nuclear- and mt-encoded proteins. We found that “fast” species showed a
subtle change in mt respiration rates, such that fast species relied less on chimeric mt complexes compared to
mt respiration in slow species. This suggests that in angiosperm lineages such as Silene where mt mutation
rates are elevated, these mutations do in fact affect mt function, despite still being under strong purifying
selection.
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The Ability of cladosporium and trichoderma to degrade
polystyrene

Presenter(s): Bionca Covington
Collaborator(s): Moriah Sandy
Department(s): Freshman Research Initiative

Based on recent reports of plastic pollution and its negative effects on the life and environment around it, the
need for a solution capable of degrading plastics has become ever more present. Due to improper disposal
and waste of single-use plastics, this pollution, in part or in whole, has entered environments where life that
will later be consumed can digest large amounts. This issue, ultimately, affects the health of humans due to
the notion that one would be indirectly digesting or inhaling the components of the plastics. To combat this
issue, I’ve worked with the fungi, Trichoderma and Cladosporium, which displayed an ability to degrade
certain plastics, such as polyutherane. With this notion in mind, the fungi were expected to display a similar
effect on polystyrene. M9 media and added glucose were used to allow the fungi to grow, instead of
traditional potato dextrose agar or broth, to promote optimal growth of the fungi. Specifically, microbe
cultures were prepared with each fungus, polystyrene, and M9 media. Additionally, over the course of the
semester, observations and pictures were taken of the cultures to note any changes in the cultures. Apparent
weight changes in the plastics before and after their introduction to Trichoderma and Cladosporium were
also recorded in order to determine whether the weight changes were significant. Through experimentation,
Trichoderma and Cladosporium were determined to have displayed their potential to degrade plastics based
on the visual observations and physical degradation of the polystyrene.
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Discovering inhibitors of new delhi metallo-beta-lactamase
1 (NDM-1) in klebsiella pneumoniae using virtual drug
screening.

Presenter(s): Chantelle C. D’Souza
Collaborator(s): Josh Beckham and Walter Fast.

Department of Molecular Biosciences; Virtual Drug Screening Research Stream,
Department(s): Accelerated Research Initiative; Division of Chemical Biology and Medicinal Chemistry,
College of Pharmacy

New Delhi Metallo-Beta-Lactamase 1 (NDM-1) is an enzyme that confers the bacteria Klebsiella
pneumoniae with resistance to beta-lactam antibiotics such as penicillin and carbapenems. As a result, it has
become significantly more challenging to treat conditions such as pneumonia and wound infections using
currently available antibiotics. The spread of resistance among bacterial populations warrants novel methods
to combat it in resource effective manners. Virtual drug screening (VDS) that uses computational and
wet-lab techniques to find new drug compounds was used in this project to find inhibitors of NDM-1.
Screening ligands from the Maybridge HitFinder9 library for complementary binding to NDM-1 using
GOLD docking software revealed two high-scoring ligands that were selected for further analysis. To study
the interaction between these ligands and NDM-1, samples of the enzyme were produced in the wet-lab.
NDM-1 was expressed via autoinduction, purified using nickel-affinity chromatography and characterized
with SDS-PAGE gel electrophoresis. The binding properties of the ligands against NDM-1 were tested using
Differential Scanning Fluorimetry (DSF) to observe for changes in the temperature at which the enzyme
unfolds (Tm). The data obtained from DSF suggest that Ligand 1 binds with NDM-1 at a specific site and
stabilizes it, thereby causing the corresponding increase in its Tm from 60°C to 62°C. Ligand 2 was shown
to destabilize NDM-1 due to a decrease in the enzyme’s Tm from 60°C to 58°C. Since Ligand 1 stabilizes
NDM-1 upon favorable binding, it shows promise as a potential inhibitor that can alter enzyme stability.
Subsequently, beta-lactamase enzyme assays should be performed in the future to analyze the inhibitory
properties of Ligand 1 against NDM-1.
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Identification of Novel Inhibitors for D-alanine: D- alanine
Ligase in Staphylococcus aureus Through Virtual Screening

Presenter(s): Christine Ejiofor
Collaborator(s): Josh Beckham
Department(s): Freshman Research Initiative

Serving as a potential threat to millions around the world, D-alanine D-alanine Ligase, specifically in
Staphylococcus aureus has served as a consistent barrier for curing many global illnesses and infectious
diseases. Although there have been attempts to find drugs for this target, the need for an effective,
cost-efficient, and safe drug is still present. With a focus on active site binding, several compounds have
been screened and further analyzed for this bacterial cell wall enzyme in order to find novel inhibitors using
various molecular virtual programs, such as PuTTY and Winscp. The enzyme was synthesized through PCR
processes of oligonucleotides and molecular cloning with the use of a pNIC-Bsa4 vector, and then purified
through nickel affinity chromatography. A virtual docking program, known as GOLD, placed chemical
compounds into specific sites of the protein and provided a score for each compound based on their binding
abilities, which give potent insight into inhibition. Compounds with the best GOLD scores were to be
ordered and tested in assays for inhibition. With the use of further research, the novel inhibitors that were to
be found could ultimately help with bacterial resistance, better overall health for individuals, and

opportunities to finding new applicable drugs.
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The Cyanobacteria Biosensor

Presenter(s): Ashley Gilliam and Jennifer Tang
Collaborator(s): Dennis Mishler
Department(s): Biological Sciences

Toxic waste as a result of industrial techniques threatens various ecosystems, as heavy metals, toxins, and
other pollutants enter waterways and are consumed by organisms. In order to reduce such effects, we propose
to employ genetically engineered cyanobacteria to detect and indicate pollutants in their native aquatic
habitats. Because cyanobacteria are photosynthetic and common in many waterways, they represent a
natural, self-sufficient candidate for an environmental biosensor. Previous attempts to genetically engineer
three species of cyanobacteria within the Oscillatoria genus revealed that only symbiotic bacteria living
amongst the cyanobacteria filaments, as opposed to the cyanobacteria itself, were receptive to bacterial
conjugation. Of these symbionts, Achromobacter xylosoxidans and Ochrobactrum intermedium--identified
on the cyanobacteria species Oscillatoria lutea--have demonstrated the most success with conjugation. We
have yet to successfully conjugate into other identified cyanobacteria symbionts, including Micrococcus
luteus, Isoptericola variabile, and Alcaligenes faecalis. Each unique symbiotic strain within the consortium
can potentially be engineered to detect specific toxins and express different reporters. This biosensor will
help reduce the negative impact that industrialization has caused on the environment by alerting industry
leaders to dangerous levels of waterway pollution. Additionally, we have studied the effects of the
reintroductions of conjugated A. xylosoxidans and O. intermedium into a wild-type cyanobacteria
community. We observed that the fluorescence marker included in the conjugant persisted and spread
throughout the community. We concluded that the plasmid concurred a selective advantage and therefore
promoted horizontal and vertical gene transfer throughout the cyanobacteria consortium.
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Discovering the Function of the PIP5K4 Gene and its Role
in TTG2-Dependent Epidermal Cell Development

Presenter(s): Roberto Gonzalez
Collaborator(s): Antonio Gonzalez
Department(s): Freshman Research Initiative

In Arabidopsis thaliana, the transcription factor TTG2 has the role of regulating epidermal development in
cells like trichomes and seed coats. There are many gene families that interact with each other in TTG2, and
in this experiment will be focused on the PIPSk family; specifically, a gene and its promoter within that
family known as PIP5K4. PIP5K4 will be studied by engineering a gene overexpression construct, as well as
a PIP5K4 promoter : reporter gene construct. These constructs will then be introduced to a wild type plant to
produce transgenic TTG2 plant lines. Comparisons of the wild type and mutant plants should reveal the
function of the gene, where it is expressed, and its role within TTG2. From this experiment, we will be able
to see the significance of PIPSK4 in the epidermal cell development that is dependent on TTG2. Since
Arabidopsis is a great model organism, the findings of this experiment could be used to alter or improve
many organisms in the plant kingdom.
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The relationship of pollinators and wildflowers in the
wildflower meadows of lady bird lake

Presenter(s): Sahran Hashim
Collaborator(s): Tom Devitt
Department(s): Freshman Research initiatives BioDiversity Discovery Stream

Flowers heavily rely on various pollinators for reproduction. When pollinators land on flowers, they transfer
pollen grains from one flower to another. In order to have a thriving wildflower meadow, various pollinators
need to exist to facilitate reproduction. Areas next to Lady Bird Lake have been converted into meadows,
and although initially seeded these meadows are now self-sustaining. However, the continued success of
these areas is dependent on the network of pollinator-wildflower interactions present. The ultimate objective
of this study is to collect data from these wildflower meadows about their pollinator-wildflower interactions
to make conclusions on how to improve the area through land management. There were three collection
periods throughout the summer of 2019 during which pollinators were caught and identified. This
information is displayed through a network of interactions between the pollinator and flower species, so it
could be analyzed for characteristics such as centrality, nestedness, wildflower richness, and pollinator
richness. This data shows the network’s resilience to disturbance over the summer of 2019 and highlights
important species during the three time periods. The city of Austin can manipulate the types of flowers in the
area to ensure optimal conditions for the pollinators.



Undergraduate Research Forum 2020 - Schedule of Presenters

43

The gut microbial communities of texan carpenter bees

Presenter(s): Mary Jackson and Anna Pham
Collaborator(s): Jo-anna Holley
Department(s): Department of Integrative Biology; Freshman Research Initiative Bugs in Bugs stream

Microbial communities are associated with most insects. Bumble bees and honeybees, for example, nearly
always maintain a core gut microbial community. Bacteria can benefit their hosts by supplementing their
host’s diet with nutrients and defense against unwanted infections. Yet, most bee species do not have tight
associations with a core microbiota, but are acquired from the bee’s environment. The aim of my project was
to determine if there were any core bacterial groups present in any non-social bees. Few studies have
systematically looked at the interaction between gut bacteria and host biology. This makes bees an ideal
group to study host biology and the development of bacterial symbionts and their relationships with hosts.
Gut bacterial DNA was extracted from all samples and analyzed using V4 sequencing to determine what
microbial communities exist in, Xylocopa micans, Xylocopa virginica, Xylocopa mexicanorum, Xylocopa
parkinsoniae, Megachile sp., and Svastra obliqua. The majority of bacteria found across all samples were
environmentally derived. A large distribution of Acinetobacter, Lactobacillus, and Psuedomonas was found
among all samples. Also, all samples of Xylocopa micans yielded significant amounts of Orbaceae and
Bombiscardovia. Finally, a Bray-Curtis analysis showed that the microbiota of the X. micans were
significantly similar. The presence of Orbaceae and Bombiscardovia in X. micans along with the clustering
suggests a core microflora may be present in this species of solitary bee.
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Differences in Temporal Learning and Cognitive
Flexibility Among Three Male Classes in X. nigrensis

Presenter(s): Amogh Kashyap
Collaborator(s): Molly Cummings and Phil Queller
Department(s): Department of Integrative Biology, Department of Biochemistry

Xiphophorus nigrensis is a unique species within the Poeciliidae family. These fish are live bearing
freshwater fish with three alternative mating strategies that are represented as unique phenotypes in males:
large males who court, small males who coerce, and intermediate males who do both. The goal of this
research study was to investigate if these behavioral phenotypes within X. Nigrensis males contribute to
varying levels of spatial-temporal learning capabilities among the males. More specifically, I used an assay
called shuttle box which assesses a subject’s temporal learning ability by assessing reactivity to a pattern of
alternating shoal stimulus over time. I hypothesized that because of the differential mating strategies that
have evolutionarily shaped the brains of these males, there will be significant differences among large,
intermediate, and small males in terms of both social behavior and cognition as measured by temporal
learning. The experiment was conducted on 30 males and the results show that large males showed the
greatest level of learning through the course of the trials as measured by their time correctly interacting with
the stimulus screen. Small males showed no learning but became increasingly active throughout the trial.
Intermediate males showed some level of learning for the first half of the trial but seemed to lose interest and
performed worst by the end of the trial.
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Sex differences in color discrimination learning in a highly
social cichlid fish

Presenter(s): Don Le and Layla Kutty
Collaborator(s): Matthew Lee, Karleen Wu, Kelly Wallace and Hans Hofmann
Department(s): Department of Integrative Biology

Are there sex differences in our ability to discriminate color? How does this affect our daily lives and
decision making as social creatures? Phenotypic and sex differences have been used to better understand
specific behaviors such as aggression, submissiveness, and social learning across various model organisms.
While many of the social aspects of learning and its relationship with hormone signaling have been
documented, little is known about the role of color discrimination in social contexts. By altering the
naturalistic communities of the highly visual cichlid fish Astatotilapia burtoni, a model system in social
neuroscience, sex differences in cichlid fish learning and color discrimination are tested. The experimental
design is unique in that it takes advantage of the natural dynamic social communities of these fish, rather
than using a typical Pavlovian conditioning paradigm. It’s expected that males and females may learn to
discriminate color differently depending on their role in the social community. In the experiment, male and
female fish were placed in an aquarium lined with a specific color to become familiar with. After an
acclimation week in their new communities and tank color, each fish underwent a color discrimination task.
This task involved placing the fish in isolated aquaria that contained two colors, a novel color and a familiar
color from their community. The total time the fish spent with the familiar color, novel color, or the
colorless neutral zone was then recorded. Immediately after this task, waterborne hormone samples were
collected to estimate circulating levels of the stress hormone cortisol to correlate hormone differences
between male and females and analyze if the results compare with the task performance. In sum, this
experimental design allows us to investigate the biological differences that affect the decision making of A.
burtoni in a complex and dynamic social community.
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Core gut microbial communities associated with texas dung
beetles

Presenter(s): Chen Lin, Heyji Ro and Tae Young Uhm
Collaborator(s): Jo-Anne Holley
Department(s): Department of Integrative Biology

Vertebrate dung is the main food source for dung beetles, and their diet requires breakdown of substances
produced as waste by the vertebrates. Similar to other detritivorous insects, dung beetles are known to have a
relationship with their gut bacteria to metabolize the substances. This study focuses on the core microbiota of
dung beetles and the correlation between the gut bacteria and the environment their host is exposed to. We
hypothesize that dung beetles that live within the dung will have a microbial community strongly affected by
environmental factors. Furthermore, we hypothesize that dung beetles that carry the dung away, also known
as rollers, will have a more established core microbiome compared to dwellers and tunnelers due to being
exposed to different environments. Around 160 dung beetles and dung samples were collected from Double
Helix Ranch and San Antonio Livestock Exposition. V4 region of the 16s bacterial gene of microbial
communities in the gut and dung samples were assessed. The gut composition of dung beetles is highly
influenced by the environment. However, the presence of Enterobacteriaceae suggests that there are also
core microsymbionts present in the dung beetle gut.
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Bioremediation of polyacrylamide and plastics by microbes
isolated from polymer contaminated water and sand samples

Presenter(s): Amy Marshall
Collaborator(s): Moriah Sandy, Andrew Ellington, Tim Riedel, Nickolas Gibson and Sanjna Bhatia
Department(s): FRI/Inventor's Program; Bioprospecting Stream

There is increasing concern over polyacrylamide and plastic environmental contaminants. Recent studies
have shown that there are billions of pounds of plastic in the world’s oceans, and hundreds of thousands of
animals will ingest plastic every year. Therefore, our research goal is to discover microbes, and their
corresponding enzymes, capable of degrading persistent soil and water contaminants including
polyacrylamides, and plastic byproducts (e.g. polyaromatic hydrocarbons, polystyrene, and polypropylene).
To do this, we turned to bioprospecting for bacteria and fungi that are able to metabolize polyacrylamides
and plastics. We obtained a water sample from a polymer flood site and plastic nurdle contaminated beach
sand samples, and we isolated fungi and bacteria from these sample. Growth assays were performed on
polyacrylamide or plastic supplemented media with the substrate as the only carbon source and microbial
isolates were characterized by genomic DNA sequencing. Once we identified microbes that were able to
metabolize polyacrylamide or plastic, we performed polyacrylamide and plastic degradation assays. In the
plastic degradation assays, plastic substrates consisted of polystyrene, polypropylene, or polyethylene. After
a month of incubation, the plastic substrates were weighed to document weight loss due to microbial
degradation. In the polyacrylamide degradation assays we used M9 agar with 1% polyacrylamide, which is
cloudy. Microbes were assessed for their abilities to decrease cloudiness in agar, indicating PAM
degradation, and the appearance of clear ‘halo’ around bacterial and fungal growth was documented in 7 of
our 11 initial isolates after one week of growth. We expect our research to provide improved avenues for
bioremediation of plastics and plastic bioproducts. Additionally, we expect our research to be able to inform
plastics manufacturing such that future plastics will be made to efficiently feed microbes, leaving no toxic
bioproducts behind.
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The spatial distribution and arrangement of bacteria within
the guts of honeybees and bumblebees

Presenter(s): Lexie Martin
Collaborator(s): Jo-anne Holley and Tobin Hammer
Department(s): Department of Integrative Biology

Honeybees and bumblebees share a similar and highly specialized gut microbiota, with each host harboring
the bacteria Snodgrassella alvi and Gilliamella apicola. Previous studies have found that the gut microbiota
positively affects bee health in areas such as digestion and nutrition. Because honeybees and bumblebees
have the same diet, the same gut structure, and related bacteria, the spatial distribution of bacteria between
species is expected to be analogous. Fluorescence in situ hybridization (FISH) microscopy was performed to
analyze the spatial distribution of bacteria within the guts of honeybee and bumblebee specimens. In
honeybees, Snodgrassella alvi and Gilliamella apicola were found in their expected location within the
hindgut of the insect. Snodgrassella alvi was found within the hindgut of bumblebees, however its exact
spatial position within the hindgut still needs to be determined. Bumblebees are highly beneficial native
pollinators of US crops and wildflowers, yet some populations are declining. Therefore, it is imperative to
learn more about their microbiota and why their populations are in decline. The spatial distribution of the
bumblebee gut microbiota has never been characterized, so this information could be important in
understanding bumble bee declines.
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Characterizations of the mayfly and damselfly gut
microbiome

Presenter(s): Lane Morgan, Zachary Wong, and Julia Wasson
Collaborator(s): Jo-anne C. Holley
Department(s): Freshman Research Initiative

The insect gut microbiome is essential in providing supplemental nutrition and enhanced host immunity.
However, if gut bacterial community structure is altered, host immunity can be compromised and
consequently succumb to invading pathogens. Insect gut bacterial communities can interact with many
substances, including those that can have deleterious effects on the integrity of the host microbiome. In
honeybees, for example, exposure to the environmentally applied herbicide glyphosate alters microbiome
structure, weakens host immunity, and leads to an increased mortality rate from invading pathogens.
Recently, the use of glyphosate and other environmentally applied chemicals has increased dramatically in
the United States. Chemical runoff into freshwater ecosystems is of major concern, as it can alter bacterial
community structure. Aquatic insects inhabit freshwater ecosystems and are an important group of animals,
helping to structure and support ecological communities. Chemical runoff has the potential to affect the gut
microbiome of aquatic insects and thus affect the ecosystem as a whole. In order to test the effect of
glyphosate on the microbiome of aquatic insects, we first collected Caenis sp. and Argia sp. individuals from
the healthier Onion Creek and more degraded Waller Creek. We then characterized the microbiome of these
two aquatic insects by sequencing the V4 region of the 16s rRNA bacterial gene. We obtained gut
characterizations for the two insect groups that will then be used to conduct further experiments testing the
effects of glyphosate runoff on gut bacterial community structure. Our results will add to the absence of
microbiome data in the aquatic insect literature and elucidate the extent to which glyphosate affects the
aquatic insect gut microbiome.
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Burden-O-Meter: Standardizing measurements that predict
plasmid stability

Presenter(s): Genevieve Mortensen

Noor Radde, Diya Bhat, Shireen Shah, Joseph J. Clements, Sean P. Leonard, Matthew
McGuffie,Dennis M. Mishler, Jeffrey E. Barrick

Department(s): Department of Molecular Biosciences

Collaborator(s):

Adding synthetic DNA to a cell can slow its growth, either due to redirecting resources needed for cellular
replication or due to interfering with cellular homeostasis.Over time, these cells with an engineered function
will accumulate loss-of-function mutations to alleviate this burden. These mutations increase cell fitness,
prompting the mutation to sweep through the population. Therefore, the population cannot maintain the
burden associated with the construct for a sustained number of generations. Synthetic biologists and iGEM
students rely on the constructs within the iGEM registry without knowing if those parts are reliable. We
assayed the effects of 328 BioBrick plasmids on the growth rate of E. coli. We found that 38 parts reduced
growth rate and 30 parts reduced growth rate by at least 10%.For 290 of these strains we could use
expression of GFP from the chromosome to monitor the effect of the plasmid on allocation of translational
capacity of the host cell. Reductions in growth rate in most of these strains were consistent with burden
ribosome allocation to the synthetic constructs, but there were some exceptions.
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Does the chytrid fungus Batrachochytrium dendrobatidis
rely on the alternative oxidase pathway for development?

Presenter(s): Yusuf Mufti
Collaborator(s): Justin Havird
Department(s): Department of Integrative Biology

Over the past several decades, large swaths of amphibian species have seen dramatic declines in population
worldwide. Chief among the causes of this decline is the infectious disease chytridiomycosis, caused by the
pathogenic fungus Batrachochytrium dendrobatidis, or chytrid fungus. Treatments of other pathogenic fungi
have relied on inhibiting key aspects of mitochondrial respiration that are absent in vertebrate animals to
reduce virulence. The alternative oxidase (AOX), is a protein complex in the mitochondrial electron
transport chain which provides an alternative route to the classic cytochrome pathway for electrons to reduce
oxygen to water during energy production. Earlier research has indicated that targeting AOX specifically
may be an effective way of reducing the virulence of pathogenic fungi. In this study, we first determined that
the chytrid fungus contains AOX using respirometry assays paired with selective inhibitors of AOX and the
cytochrome pathways of the electron transport chain. Secondly, we tested whether or not the life cycle of the
chytrid fungus depends on the proper functioning of AOX. We found that chytrid fungus does have AOX
and preliminary results suggest that chytrid fungus may rely on AOX for growth and development. Because
our approach targets pathogen, but not host physiology, it may be an effective treatment for
chytridiomycosis, improving the health and biodiversity of ecological landscapes worldwide.
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Mycobacterium tuberculosis induces gene expression of
PDE4A and PDE7A in human macrophages

Presenter(s): Adrian A. Naoun
Collaborator(s): Chrissy M. Leopold Wager, Eusondia Arnett, Larry S. Schlesinger.
Department(s): Host-Pathogen Interactions (HPI) Program; Texas Biomedical Research Institute

According to the WHO, one-fourth of the world’s population is infected with Mycobacterium tuberculosis
(M.tb). In 2017, 1.6 million people died from tuberculosis. M.tb is an intracellular pathogen equipped with
specialized evolutionary traits to evade immune mechanisms. Upon inhalation, macrophages phagocytose
M.tb and become a major niche due to their inability to clear the infection. M.tb intracellular growth is
influenced in part, by host transcription factors, and immunosuppressive second messengers like cyclic
adenosine monophosphate (cAMP). The importance of cAMP as an inflammatory response mediator derives
from its ability to suppress innate immunity functions in macrophages, monocytes, and neutrophils by
limiting pro-inflammatory cytokine expression as well as suppressing microbicidal activity. Despite its
known effects, the mechanisms underlying cAMP activation in response to M.tb are incompletely
understood, particularly in human macrophages. Preliminary data indicate that cAMP levels are increased in
human monocyte-derived macrophages following infection with virulent M.tb H37Rv and attenuated M.tb
H37Ra. Phosphodiesterases (PDEs) comprise a group of enzymes that degrade cAMP to regulate signal
transduction. We hypothesize that elevated cAMP levels induce gene expression of certain PDEs as a host
response mechanism to degrade M.tb-induced cAMP. Gene expression studies demonstrated that transcripts
for PDE4A and PDE7A were increased 48- and 72-h after infection, whereas PDE3A and PDESA remained
unchanged. These data suggest that human macrophages up-regulate PDE expression to limit M.tb from
dampening the immune response via high cAMP levels. Further studies will demonstrate whether increased
cAMP degradation could be employed as a novel host-directed therapy to limit M.tb pathogenesis.
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Assessing accuracy of caffeinated coli bioassay in
comparison to high operformance liquid chromatography

Presenter(s): Tien Nguyen and Abby Rex
Collaborator(s): Dennis Mishler
Department(s): Department of Molecular Biosciences, FRI Microbe Hackers Stream

In 2012, the UT Austin iGEM team developed a biological system to measure methylxanthine concentration
in liquid solutions, including coffees, teas and energy drinks. The bioassay was developed by genetically
engineering a mutant form of the bacteria Escherichia coli, called ?guaB, to grow off of methylxanthines, a
class of stimulant molecules, the most famous of which is caffeine. Since cell growth in this bacterial strain
depends on the number of methylxanthine molecules present in its environment, we can determine
methylxanthine concentration by looking at bacterial growth. The current golden standard for measuring
methylxanthine concentrations is a chemical method called High Performance Liquid Chromatography
(HPLC). However, HPLC methods can be inaccessible since the machine can cost over $50,000 and the
generated data can be time-consuming and laborious to analyze. We believe the bioassay could be used as a
cheaper and easier alternative to HPLC. We conducted an experiment using this bioassay to measure the
concentration of methylxanthines in various doped coffee samples and found that the bioassay could measure
methylxanthine concentration within a 4-7% accuracy of the numbers produced using HPLC. The bioassay’s
ease, simplicity, and proven accuracy showcases the possibilities for its usage in industrial, environmental
and medical contexts. Future uses involve measuring caffeine levels in coffee shop products, detecting
methylxanthine pollutants in urban waterways or quantifying methylxanthine levels in medical drugs.
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Assessing the thermal regimes of Waller Creek and its
influence on the invasive platyfish (Xiphophorus variatus)

Presenter(s): Han Ooi
Collaborator(s): Dean Hendrickson, Adam Cohen, and Mary Poteet
Department(s): Unanswered

Water temperature is an important factor for the growth and survival of aquatic life. The tropical platyfish,
Xiphophorus variatus, has been thriving in Waller Creek and surviving through the winters. The stream is
scattered with multiple pipes that have constant municipal discharge into the water. Temperature data
loggers were set to investigate if the municipal outflows were influencing the water temperature of Waller
Creek. Sampling events were coordinated to explore if there was an association between water temperature
and abundance of X. variatus caught along the six locations along Waller Creek. We found that the water
around municipal outflows were consistently warmer and was a factor affecting water temperature but more
of the specimens were sampled in colder waters during the winter. The results imply that temperature alone
does not impose absolute limits on the distribution of X. variatus in Waller Creek. Further studies are needed
to fully understand the range maintaining the population in the stream.
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Adapt or Die: the evolutionary significance of elevated
mutation rate in swarming bacteria

Presenter(s): Dylan Pfannenstiel
Collaborator(s): Souvik Bhattacharyya, Rasika Harshey
Department(s): Department of Molecular Biosciences

Swarming motility is a coordinated, collective movement of bacteria across a solid or semi-solid surface.
Mediated by the flagellar rotation, swarming plays a role in host colonization. It is also associated with
adaptive resistance (AR), a transient non-genetic resistance to antibiotics. Recent work in this lab has shown
that efflux pumps play a crucial role in the mechanism of AR, although its evolutionary importance is not
clearly understood. We are aware that mutation rates are elevated in swarming cells compared to planktonic
cells in non-pathogenic lab strains of E. coli, Bacillus subtilis, and Pseudomonas aeruginosa. Our current
work serves as a continuation of the previous project and is examining i) the evolutionary importance of AR
and ii) attempting to elucidate the mechanism of hypermutation in swarm cells. Using the mutagens UV
light, hydrogen peroxide, bleomycin, and acidified nitrite which have distinctive effects on different DNA
repair pathways, we have tested the effect of these mutagens as stressors to swarm cells to establish the
pathway of hypermutation as we predict that mismatch repair pathways are downregulated in swarm cells.
We have also identified antibiotic resistance swarm cell mutations via sequencing and are working to
compare the results with that of planktonic cells through sequence alignment and analysis. We postulate that
the hypermutation in swarming cells might have a fitness disadvantage under planktonic conditions and we
will also work to develop a mathematical model for the fitness cost of swarming mutation rates. These
approaches will provide a foundation for explaining the evolutionary role of mutations for swarming cells in
the context of antibiotic resistance.
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Nuclear compensation as the dominant form of mitonuclear
coevolution

Presenter(s): Samantha Rabinowitz
Collaborator(s): Kiley Thueson, Justin Havird
Department(s): Department of Integrative Biology

Eukaryotes are made up of two different genomes that must interact with one another precisely: the
mitochondrial and nuclear genomes. Mitonuclear coevolution is predicted to maintain these interactions.
Nuclear compensation, a form of mitonuclear coevolution, is often assumed, but few have directly tested for
it. We tested the hypothesis that positive selection in nuclear-encoded genes is a response to deleterious
mutations occurring in mitochondrial genes. To test predictions stemming from this hypothesis, publicly
available sequence and structural data were gathered from across mammals for oxidative phosphorylation
enzyme cytochrome ¢ oxidase (COX). We tested whether nuclear-encoded sites under positive selection
were overrepresented at mitochondrial contact sites, as predicted by nuclear compensation. While nuclear
genes had a greater number of positively selected sites than mitochondrial genes, sites of positive selection
did not particularly contact mito-encoded sites in the protein structure. We also tested if mitochondrial
mutations are deleterious when expressed alongside novel nuclear genes. To evaluate this, structural
information was used to model mitonuclear hybrids to examine the stability of these hybrids compared with
“wildtype” structures where mitochondrial genes are expressed against their native nuclear counterparts.
Under nuclear compensation, structural stability should decrease without a compensatory nuclear component.
Our results suggest stability is similar between native “matched” structures and the “mismatched” structures
of hybrids. Despite previous studies showing strong support for mitonuclear coevolution, these results
suggest nuclear compensation may be difficult to detect at the molecular level across taxa. Future work will
address whether individual nuclear changes tend to follow mitochondrial changes in space and time, as
predicted by nuclear compensation.
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Geographic Variation in Southwestern Populations of
Myotis velifer Spanning the Last 23,000 Years of Texas
History

Presenter(s): Daniel Ramirez
Collaborator(s): Melissa Kemp, Molly Moroz
Department(s): Department of Neuroscience; J.T. Patterson Labs Bldg. (PAT)

Mpyotis velifer is one of many cave bats found across the Southwestern United States, Mexico, and northern
Central America. In Texas, M. velifer roost in both central and north-central caves during the summer
months, when warm temperatures are generally constant. Past research has shown that cave bat populations
seem to select cave sites based on optimal temperatures and other external factors, such as diet, to maximize
energy conservation. However, with a direct impact between these temperature systems and climate change,
little has been investigated concerning bat habitat patterns and their changes across the fossil record. For this
reason, we focused on Myotis velifer, a cave bat that has an abundant fossil record in Central Texas cave
systems in the Late Pleistocene-Holocene. We looked into morphological variation in fossilized cave
mandibles from the last 23,000 years to investigate geographic variation in Myotis habitat patterns and to
examine climate change effects in the fossil record. We used geometric morphometrics to measure variation
in M. velifer jaw morphology for specimens found across five different caves in central Texas.
Morphological differences were analyzed using principal component analysis (PCA), pairwise permutations,
and ANOVA statistical methods. From these, we observed variations in both size and shape in the cave
samples. Also, we used centroid size as a proxy for mandible size. The morphological variation in M. velifer
will help establish a history of bat colonies and will provide more information concerning roosting and
foraging patterns that can lead to improved conservation efforts in protecting these cave bats in Texas and in
other regions.
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Investigating the Relationship Between Juniperus Ashei &
Oak Wilt Pathogen in Central Texas

Presenter(s): Imtiaz Rashid
Collaborator(s): Unanswered
Department(s): Freshman Research Initiative

Oak wilt is one of the most lethal and destructive diseases afflicting trees and similar plants in the United
States at the present time. Originating from the fungus Bretziella fagacearum, oak wilt conquers and inhibits
the water-conducting system of trees to the point of paralyzation; ultimately stopping the flow of water
within trees, resulting in its demise in a mere two to four months. In Central Texas, oak wilt has killed more
than one million trees in seventy-six counties in the past few decades. Previous observational and
experimental studies conducted in the area have proposed a possible link between oak wilt and the
endophytic fungi native to the region. Endophytic fungi reside within plants in a symbiotic relationship
where they can be isolated, extracted, characterized and screened for bioactive compounds and metabolites
that contain medicinal and/or agricultural value. 305 endophytic fungi were isolated from the leaves and bark
of Juniperus asheli, a tree species originating from nesting sites in the Balcones Canyonland Preserve located
in Travis County, Texas. Preliminary results indicated that the endophyte populations differ by site location
and plant tissue type. Fungi from each morphology group were screened for antifungal activity and 14
isolates were found to have activity against the oak wilt fungus B. fagacearum in both whole fungi and
fungal extract microbial assay. As a result, bioactive fungal isolates are currently undergoing through the
process of identification via 18S rDNA sequencing and specific bioactive metabolites responsible for
antifungal activity are being characterized. Future work will anchor on developing an assay to determine the
effectiveness of anti-oakwilt fungi and anti-oakwilt metabolites against healthy and diseases trees to assess
oak wilt inhibition and prevention of growth.
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Cracking the color code: exploring the relationship between
body coloration and social behavior in a cichlid fish

Presenter(s): Emily C. Reed
Collaborator(s): Caitlin N. Friesen, Hans Hofmann
Department(s): Department of Integrative Biology

In many species, individuals display conspicuous color patterns on various parts of their body. This nuptial
coloration often serves to attract females and repel rivals. In the highly social African cichlid fish, A.

burtoni, social dominance status is tightly linked with body coloration. Dominant males display bright
yellow or blue colors, whereas subordinate males are a dull gray. Dominant males may be further classified
into two subtypes, homesteaders and bullies, based on their space use patterns. Homesteader males tend to be
less aggressive and utilize less space compared to bullies. To investigate whether body coloration varies
across subtypes of dominant A. burtoni males, we created a color protocol using Fiji software to qualitatively
and quantitatively measure body color in these fish and to determine whether there was a correlation between
color variation and subtypes of these dominant males. Preliminary analysis using a qualitative assessment of
body color suggests that bully dominant males have more yellow and blue body coloration than homestead
dominant males, who were characterized by a higher proportion of dull grey colored males. Further analysis
with quantitative data gathered from the protocol created will be analyzed to see if this correlation persists.
Taken together, these results suggest that body coloration might provide a reliable signal for assessing a
male’s space use and overall aggressiveness.
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Algal-bacteria bioremediation on a microbial evolution and
growth arena (MEGA) plate

Presenter(s): Simone Ritchey
Collaborator(s): Noelle Asman
Department(s): Department of Molecular Biosciences

Polycyclic Aromatic Hydrocarbons (PAHs) are persistent pollutants that threaten both environmental and
human health.In a search for economic and environmentally sustainable methods for their removal, great
interest has been given to bioremediation techniques. While there are many different techniques with a
variety of applications, evidence shows a combination of techniques is more efficient and long-lasting. The
algal-bacteria synergy method has shown great promise in degrading PAHs that are aged and have a high
molecular weight, similar to those that exist in Austin waterways. This project considers the bacteria
Pseudomonas fluorescens Migula and the aglae Chlorella sorokiniana. A Microbial Evolution and Growth
Arena (MEGA)-plate will be used to grow the organisms on increasing concentrations of the PAH
fluoranthene, hoping to induce a symbiotic pairing and the metabolism of fluoranthene. Selective evolution
on the MEGA-plate allows for the recording and visualization of successful lineages that can be genetically
analyzed for underlying mutations.
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The relationship between bridging and quadrupedal gait
kinematics in Lagothrix

Presenter(s): Walker Stanton
Collaborator(s): Allison McNamara, Noah T. Dunham, Jesse W. Young, Liza J. Shapiro
Department(s): UT College of Liberal Arts, Department of Anthropology

Primate gait kinematics have previously been studied primarily in laboratory settings. These studies have
shown that primates use diagonal sequence, diagonal couplet gait. However, laboratory conditions fail to
capture the complexity of the natural habitats of primates, characterized by multiple, discontinuous substrates
of varying characteristics. It has been shown that primates will adjust quadrupedal gait kinematics when
faced with substrate challenges, resulting in more variable gait. Additionally, primate gait does not occur in
isolation; primates are characterized by diverse positional repertoires. Atelines, in particular, are
characterized by frequent use of bridging and brachiation. The effect of the positional behavior of bridging
on quadrupedal gait kinematics is the focus of this project. Using videos filmed opportunistically in the wild,
we were able to investigate how bridging occurs in elaborate, arboreal environments. Lagothrix was used as a
model species due to their prehensile tails, relatively large body size among Atelines, and frequent use of
bridging during locomotion. A bridge is defined as a gap-closing movement where the forelimbs reach
across to grasp a support on the adjacent side and pull the body across the unsupported space with the limbs
in tension and the feet (and tail in Atelines) retaining their grips on the other side until the position is secure.
Gait during bridging was chosen for this analysis because of the importance of bridging as part of primates’
positional repertoire in navigating habitats with discontinuous substrates and challenges. Footfall sequences
during N=21 bouts of bridging locomotion were analyzed, starting from the first forelimb touchdown on the
adjacent substrate. We analyzed the relationship between the positional behavior of bridging and gait by
quantifying the effect of the bridge on quadrupedal gait kinematics and tail-use variables to understand how
gait variability is influenced by primates’ characteristic diverse locomotor repertoires.
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Investigating the potential role of extracellular ATP on root
hair growth and development in dark-grown Arabidopsis
seedlings

Presenter(s): Abigail Tyree, Benjamin Yung, Sanjana Nagaraja, Mackenzie Chapman
Collaborator(s): Greg Clark, Stanley Roux
Department(s): Department of Molecular Biosciences; FRI Discovering Signals Stream

Dark-Grown plant seedlings prioritize different areas of growth than light-grown seedlings. The root system
of dark-grown Arabidopsis thaliana is visibly smaller, while the hypocotyl is longer. Prior research has
shown the growth mechanisms of light-grown seedlings in detail and revealed key signaling pathway
elements, but our group is interested in how these mechanisms might differ when seedlings are dark-grown.
We hypothesized that the signalling pathway of growth in dark-grown and light-grown seedlings are
different, because of their different use of resources. Our group focused on testing different concentrations of
extracellular ATP(eATP) on dark-grown seedlings to characterize this signalling pathway and assess
dark-grown seedlings’ overall tolerance to eATP in comparison to light-grown seedlings. Extracellular ATP
can act as a growth promoter or growth inhibitor, depending on the concentration present. High
concentrations of eATP in light-grown seedlings are inhibitory to the growth of the plant, while low
concentrations are promotional to growth. Our research over the summer showed potential for dark-grown
seedlings to have an increased tolerance to eATP; high concentrations that would be inhibitory in light-grown
seedlings seemed to promote growth, or have no effect, in dark-grown seedlings. This would suggest that the
growth pathway for light-grown seedlings and dark-grown seedlings differs, at least in the steps that involve
the action of eATP. While more research would need to be done to come to a conclusive result, our data
suggests that there is an alternate or modified signal transduction pathway by which eATP regulates root hair
growth when seedlings are dark-grown.
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Neural transcriptomic responses to social opportunity

Presenter(s): Joyce Y. Wang

Yue Liu, Lisa X. Paggeot, Caitlin N. Friesen, Tessa K. Solomon-Lane, Hans A.

Collaborator(s): Hofmann, Rebecca L. Young

Department(s): Department of Integrative Biology

Social challenges and opportunities can elicit morphological, behavioral, and physiological responses and
associated changes in hormone profiles, neural activity, and gene expression. These responses to social
stimuli are highly plastic and depend on many factors such as social status, past experience, motivation,
stress, and hormone levels. How these processes are integrated into context-appropriate behavior is not well
understood. In vertebrates, this complex process depends on distributed processing of sensory signals across
a highly interconnected set of limbic and hypothalamic brain areas known as the social decision making
network (SDMN). Here, we characterize the behavioral, morphological, and neural transcriptomic response
to a social opportunity using the highly social African cichlid fish Astatotilapia burtoni. We provided a
subordinate male an opportunity to ascend in social status and quantified behavior and morphology at 1 hour,
1 day, and 1 week after the onset of social ascension, followed by microdissection of three critical SDMN
nodes (homologs of the preoptic area, hippocampus, and lateral septum), which were subjected to Tag-Seq to
obtain high-quality transcriptomes. Our results show that the three brain areas have distinct transcriptomic
profiles and that gene expression profiles change in characteristic ways as animals ascend in social status in a
complex manner. We then identified gene expression trajectories common to all three brain areas. Our
results provide insight into the neuromolecular changes that are associated with social ascent.



Undergraduate Research Forum 2020 - Schedule of Presenters

64

Cavity nesting bees in Central Texas

Presenter(s): Meagan Yates
Collaborator(s): Nick Ivers
Department(s): Department of Integrative Biology

The ecosystem services native bees provide and their role in maintaining biodiversity is crucial. Bee
populations are on a sharp decline, and it is important to continue monitoring populations across time in
changing environments. Many species of bee are solitary and construct or find a nest for their offspring.
While the social honey and bumble bee receive much of the public’s attention, solitary cavity nesting bee
species are an important component of biodiversity and pollination services. This study evaluates cavity
nesting bee communities of Central Texas, by using artificial trap nest boxes. Trap nest usage in the 2019
field season was significantly higher than in the 2018 field season and trap nest usage varied significantly
with geographic distance. This research fills in important knowledge gaps regarding bee communities in
Central Texas, while offering methodological recommendations for future research in this area.
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Multi-platform profiling for cancer subtyping

Presenter(s): Ryan Bailey
Collaborator(s): Jeanne Kowalski-Muegge and Riya Mahesh
Department(s): College of Natural Sciences; Department of Oncology; Dell Medical School

Heterogeneity renders cancer more than a single disease. Next-generation sequencing has revealed a diverse
genomic landscape between different types of cancers and even within the same cancer type. Genomic
instability is a major cause of such heterogeneity that can act at the single nucleotide level or at much larger
scales and include changes in copy number variation and mutation patterns. Recent advances in both
genome-wide profiling and methods for processing high-throughput molecular data provide an opportunity to
investigate global molecular changes at many levels. Molecular subtyping studies permit the characterization
of cancer into homogeneous subgroups of similar molecular profiles. Commonly used molecular data types
for cancer subtyping includes gene expression, mutations, and copy number. Less common and more
powerful than analysis at a single molecular level, is the combined use of such data types. We performed a
multi-platform profiling analysis by combining gene expression, copy number variation, and mutation data
for multiple myeloma cancer subtyping. Our results revealed distinct molecular profiles that include a
mixture of novel and known gene biomarkers as promising targets warranting further study for their effect
on treatment and clinical outcome.
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The role of HMGBI in the repair of DNA interstrand
rrosslinks

Presenter(s): Lorraine-Rana Benhamou
Collaborator(s): Jill Gerberich and Karen Vasquez
Department(s): Department of Molecular Biosciences; Dell Pediatric Research Institute

DNA Interstrand crosslinks (ICLs) are lesions caused by the formation of covalent bonds between DNA
strands. ICLs can block transcription and replication, and are cytotoxic if left unrepaired, which makes them
useful in cancer chemotherapy. However, some cancers can become resistant to chemotherapy through
enhanced DNA damage repair. Nucleotide excision repair (NER) is one DNA repair pathway involved in the
repair of ICLs. We have found that a protein called High Mobility Group Box Protein 1 (HMGBI1) is
involved in NER-mediated DNA ICL repair. Previous research from our lab has shown that HMGBI can
interact with NER protein, XPA, at ICLs and that mammalian cells lacking HMGB1 exhibit increased
sensitivity to ICLs. However, the mechanism(s) by which HMGBI facilitates NER-mediated ICL repair is
not clear. One of the two subpathways of NER, global genome NER (GG-NER), recognizes DNA damage
through the distortion of DNA structure by the XPC protein. Since GG-NER recognizes lesions from the
distortion of DNA, and HMGBI can bind to distorted DNA and is involved in NER-mediated ICL repair, we
hypothesize that HMGBI plays a role in GG-NER. To study this hypothesis, we transfected ICL-containing
mutation-reporter plasmids (or an undamaged control plasmid) into XPC-deficient and XPC-proficient
human (U20S) cells, that were either siRNA depleted or not depleted for HMGB1. We used blue-white
screening to determine the mutation frequencies, and Sanger sequencing to determine the mutation spectra
that resulted from ICL repair that occurred in the human cells. From the preliminary results of the
experiment it appears HMGB1 could be involved in GG-NER. We are now pursuing the use of CRISPR-Cas
9 knockout U20S cell lines for future experiments to siRNA deplete HMGBI1, and have successfully
obtained XPC knockout clones. This will allow us to determine the extent to which HMGBI1 plays a role in
GG-NER-mediated ICL repair.
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B-Cell acute lymphoblastic leukemia: understanding the role
of atypical protein kinase C in hedgehog signaling

Presenter(s): Martha G. James
Collaborator(s): William Matsui
Department(s):  Dell Medical School - LIVESTRONG Cancer Institute- Matsui Lab

B cell Acute Lymphoblastic Leukemia (B-ALL) is characterized by the clonal expansion of immature B cell
precursors in the blood and bone marrow. Multi-agent chemotherapeutic regimens are effective in most
cases, but treatments for relapsed and refractory patients are limited to targeting B cell surface antigens that
may not be durable. We previously demonstrated that the Hedgehog (Hh) signaling pathway is aberrantly
activated in B-ALL and pathway inhibition limits clonogenic leukemic growth. Hh signaling is initiated by
ligand binding to the Patched (PTCH) receptor followed by activation of Smoothened (SMO) and eventually
activation of the GLI family of transcription factors that regulate the expression of Hh target genes. SMO
inhibitors have been approved for basal cell carcinoma and myeloid leukemia, but mutations in SMO or
downstream events leading to GLI activation can lead to resistance to these agents. D. melanogaster Hh
signaling requires the activity of an atypical PKC (aPKC) and phosphorylation of Ci, the fly orthologue of
mammalian GLIs, and aPKC?/? inhibition can overcome resistance to SMO inhibitors in BCC. In this study
we have examined the anti-tumor activity of a novel aPKC inhibitor against B-ALL. We initially treated the
human B-ALL cell lines REH and RS411 with CRT0329868, a second-generation azaquinazoline
ATP-competitive aPKC? inhibitor and found that this agent significantly inhibited cell viability compared to
vehicle-treated control (p
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Classification of RNA-seq cancer data

Presenter(s): Shakeel Jessa
Collaborator(s): Tony Chang, Jay Nguyen, and Dhivya Arasappan
Department(s): Department of Mathematics

RNA-Seq has become a powerful method of transcriptome profiling and steadily decreases in cost each day.
Similarly, predictive analytics by the way of machine learning has rapidly become more accessible and also
has steadily lowered in cost. Within the umbrella of machine learning, supervised learning holds high utility
in the biological and clinical settings due to the ability to make predictions about specific predetermined
outcomes. Thus, leveraging the high throughput nature of RNA-Seq with the high input flexibility of
supervised machine learning methods creates a prime opportunity for analysis. Understanding how to best
implement machine learning methods to analyze RNA-Seq data is not currently well known and offers value
in the form of both improved research capabilities and decreased computational expense. Publicly available
data profiling the expression of genes in blood platelet samples from six types of cancers (Lung, Breast,
Pancreatic, Colorectal, Glioblastoma, Hepatobilliary) was used and four classification algorithms (Support
Vector Machines, K-Nearest Neighbors, Naive Bayes, Random Forest) were trained for binary prediction on
this data. Several feature selection methods, such as Minimum Redundancy Maximum Relevance (mRMR)
and strata of differentially expressed genes, were implemented to evaluate their efficacy. Each classification
algorithm and feature selection method were ranked for performance on each cancer type and overall.
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Prolonged survival with radioembolization using
TheraSpheres in unresectable hepatocellular carcinoma

Presenter(s): Prachi Khanna
Collaborator(s): Mallory Thompson, Priyanka Acharya, Islam Shahin, and Parvez Mantry

Department of Neuroscience Location of research: Methodist Health System in Dallas,

Department(s): Texas

Selective Internal Radiation Therapy (SIRT) with Yttrium 90 using glass beads (TheraSpheres) is
increasingly being used for the treatment of unresectable Hepatocellular Carcinoma approved by the FDA as
a Humanitarian Device (HUD exemption). I am presenting data on 70 patients from The Liver Institute in
Dallas, Texas (out of 130) that have undergone this procedure successfully. I am reporting their
outcomes/survival/tolerability and factors impacting survival. We retrospectively analyzed the charts of 70
patients that underwent SIRT with TheraSpheres at our institution from January 1, 2014 to January 1, 2019.
We performed descriptive statistics on these patients using SAS. Demographically 46/70 patients were male
and 24/70 were female. In terms of race/ethnicity, 50% were Caucasian, 20% African American, 16%
Hispanic, and 4% Asian. The median age was 64.5 years. In our cohort, Alcohol and HCV infection were
responsible etiologies in 77% of the cancers, while 17% of patients had NASH as the etiology. The median
total tumor diameter was 5.2 cm, and 37% of the tumors were bilobar. 39% of patients had main or branched
portal vein thrombosis (PVT). 65% of the patients had Child's Pugh A (CPA) cirrhosis while 31% were
CPB. Median MELD score was 8. BCLC subdivision was as follows - A (31%), B (41%), C 24%) and D
(4%). In terms of tumor response, 54% of patients had complete response (CR) while 20% had partial
response (PR) and 16% had progressive disease (PD) per modified RECIST criteria. Adverse events
requiring an intervention were seen in 10% patients. Mean survival was 14.6 months. In our analysis, SIRT
with TheraSpheres is a safe and effective modality of treating patients with advanced HCC even in the
setting of multifocal disease with 40% patients having portal vein thrombosis.
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Intrinsic hydrolysis of GTP in mutated HRas

Presenter(s): Danielle Landry
Collaborator(s): Elisa Novelli, Frank Jermusek, and Lauren Webb
Department(s): Department of Chemistry

The electrostatic environment around proteins drives protein-protein interactions, folding, and function.
Inside the cell these interactions become complex and targeting one specific protein with a drug becomes
extremely difficult. As drug design and production becomes more expensive, drugs are becoming less and
less successful. One key aspect that has not been incorporated into drug design is the role of electrostatic
interactions in protein-protein interactions. Oncoprotein p21 H-Ras (hereafter “Ras”) is a member of a family
of GTPase proteins inside the cell responsible for cell proliferation. When functioning properly Ras is
regulated by a GTP hydrolysis cycle. Several mutations to Ras have been identified to cause unregulated cell
division leading to the development of tumors. These mutations include residues G12, G13, and Q61 with
95% of these mutations being found in adenocarcinomas, particularly, pancreatic cancer. The Q61 residue,
along with residue Y32, is thought to play a significant role in the proposed mechanism of GTP hydrolysis.
The electrostatic environment around the active site in Ras can be elucidated by making specific mutations
and analyzing how those mutations affect protein function and folding. Previous work in the Webb group
involved completing the first full data set of intrinsic hydrolysis rates of stable Q61X mutants, and
performing molecular dynamic (MD) simulations to quantify the solvent accessible surface area (SASA) and
the steric structure of each of the Q61X mutants. These results were then compared to the previously
measured changes in the electric field of each mutant. While Q61 has been widely studied in the literature
little has been determined about the importance of Y32 and its role in the GTP hydrolysis cycle. Performing
these experiments while instead mutating Y32, will give a more complete view of the role of the
electrostatic environment in the hydrolysis of GTP in Ras.
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Epigenetic approach to improving immunotherapy for
glioblastoma

Presenter(s): Catherine Li
Collaborator(s): Lokesh Kukreja, Sathyapriya Ezhilan, Vishwanath R. Iyer and John S. Kuo
Department(s): Department of Neurosurgery, Dell Medical School

Glioblastoma (GBM) is the most frequently diagnosed adult brain cancer. The current standard treatments of
surgical resection followed by chemoradiation yield only 18-month median survival for GBM patients.
Immune checkpoint therapies have improved survival for other cancers but have so far failed to improve
GBM survival. Our project is based on recent findings that chromatin factors regulate response to cancer
immunotherapy. In several cancers, inhibition or knockout of polycomb repressive complex PRC2, a histone
methyltransferase, dysregulates interferon gamma (IFN-?) pathway genes. This disruption can decrease the
anti-tumor immune response. We have recently shown that PRC2 regulates interferon pathway genes in
GBM as well. Thus, by modulating PRC2 activity, the GBM tumor microenvironment can potentially be
altered to increase response to immunotherapy. Here, we test the hypothesis that inhibiting PRC2 in GBM
stem cells (GSCs) will dysregulate the IFN-? pathway and enhance the immune response against GBM.
Targeting GSCs is vital due to their therapeutic resistance and contribution to tumor recurrence. PRC2
activity in patient-derived GSC lines was analyzed via the level of trimethylation of the PRC2 target,
H3K27. When GSCs were treated with GSK343 (a pharmacological inhibitor of PRC2), H3K27me3 levels
decreased. Additionally, GSCs exhibited higher H3K27me3 levels compared to control normal human neural
stem cells, suggesting a differential epigenetic expression profile for GSCs. Pilot RNA sequencing
(RNA-seq) was performed on a selected GSC line after PRC2 inhibition to examine the transcriptional
response to PRC2 inhibition. Optimization of several variables is underway to systematically characterize the
involvement of PRC2 in interferon pathway regulation and immune response, e.g. testing multiple patient
derived GSCs, more stringent inhibition of PRC2 activity using multiple inhibitors and treatment regimens.
These efforts will help establish whether GBM’s response to immunotherapies can potentially be improved
by an epigenetic approach involving PRC2 inhibition.
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Synthesis of 8-0x0A based TLR7 agonist and DNA
alkylating agent

Presenter(s): Samuel Lin
Collaborator(s): Seongmin Lee
Department(s): Department of Biochemistry

Interference with DNA replication has been shown as the major mechanism of action of many traditional
chemotherapies in anti-cancer treatments. However, traditional alkylating agents are often susceptible to
acquired resistance. In addition, chemotherapies lack a specific mechanism of targeting cancer cells, which
often leads to DNA damage and the death of healthy tissues. As a result, approved drugs are often combined
with other drugs that offer DNA alkylation as their mechanisms of action. To resolve the problems of
acquired resistance, target specificity, and combined drug therapy, this study aims to synthesize analogs of
established Toll-like receptor 7 (TLR7) binding drugs based on the adenine moiety that will possess two
modes of action. The first mechanism involves binding to TLR7 to induce an inflammatory immune response
that leads to apoptosis. The second mechanism is a novel alkylation mechanism that is activated through
oxidation of the prodrug during the inflammatory response previously generated. Synthesis of the drug is
carried out from scratch using Adenine as the starting material. Substitution of adenine by
2-chloro-5-(chloromethyl) pyridine on the N9 position is followed by preparation of the modified adenine
moiety. Yield and spectral data for to-date completed synthetic steps are presented.
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Pancreatic cancer stem cell gene expression and cell
classification

Presenter(s): Ishaan Mehta and Avery Koi

Jay Nguyen, Shakeel Jessa, Dhivya Arasappan, Benjamin Goetz, William Matsui and

Collaborator(s): Jeanne Kowalski-Muegge

Department(s): Department of Oncology, Dell Medical School

Pancreatic Ductal Adenocarcinoma (PDAC) is the fourth leading cause of cancer-related death worldwide.
This is a particularly lethal type of cancer, partly because pancreatic cancer stem cells (PaCSCs) are highly
resistant to chemotherapy. We used single cell and cell sorted bulk RNA-Sequencing to evaluate
heterogeneity among specific cancer stem cell markers, ALDHIA1+, and CD44+/CD24+. We evaluated
various approaches for identifying cell types and compared each with results from flow cytometry. We
identified cell clusters corresponding to ALDH1A1+ and CD44+/CD24+ cell types in the single cell
RNA-Seq data using Seurat and further, the top marker genes in these clusters. Using a correlation-based
tool, scMatch, we were able to annotate cells by comparing each cell to a reference dataset. Finally, we used
Gene Integrated Set Profile Analysis (GISPA) to identify gene signatures from flow-sorted, single-sample
bulk RNA-Seq data (ALDHA 1+, CD44+/CD24+). We interrogated these signatures in the sScRNA-Seq data
using Sample Integrated Set Profile Analysis (SISPA), Seurat, and cellAssign. Collectively, these tools show
promising results based on enriched pathways corresponding to mesenchymal stem cells and stem cell
differentiation, while top marker genes corresponding to the CD44+, CD24+ cell types (FST, HIST1H4C,
GADDA45A, MMP1) have been found to be dysregulated in other research related to pancreatic cancer.
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Early diagnosis of melanoma utilizing loop-mediated
isothermal amplification (LAMP)

Presenter(s): Phillip Taboada, Rory Malek, Julia Zheng, Maria Nguyen, Madi Kahanek
Collaborator(s): Tim Riedel
Department(s): FRI DIY Diagnostics Stream

Melanoma is a skin cancer that becomes increasingly lethal the longer it is left untreated and able to
metastasize. Although melanoma can affect any age group, the risk of melanoma increases with age—the
average age of diagnosis is 65. Current diagnostics for melanoma involve biopsies that may deter patients
from getting the procedure at all. This study aims to develop a noninvasive diagnostic for melanoma by
detecting the expression of secreted phosphoprotein 1 (SPP1), a biomarker associated with melanoma in the
skin. A loop-mediated isothermal amplification (LAMP) assay in conjunction with a pH indicator (phenol
red) to amplify the SPP1 mRNA sequence was used. Four trials of positive controls using a template DNA of
secreted phosphoprotein 1 and negative controls using molecular water indicated an average difference of 15
minutes +/- 1 minute in amplification time. Detection of the target sequence SPP1 proved successful in all
positive template control trials, while a null change in pH and color range was found within the 15 +/- 1
minute time frame for negative template controls. In conclusion, the noninvasive method using
loop-mediated isothermal amplification has the potential to be 5 times cheaper (after reagent and overhead
costs of approximately $20-35 per trial) than a standard biopsy (ranging $100-300) while being just as
accurate. Future research with human skin samples is needed and the incorporation of more biomarkers may
increase the accuracy, but this study shows that a noninvasive diagnostic using a loop-mediated isothermal
assay 1s promising.
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Incorporating a flexible thianthrene scaffold to a biomimetic
model of [Fe]-hydrogenase

Presenter(s): Faridat Agboola
Collaborator(s): Jordan Labrecque; Dr. Micheal Rose
Department(s): Department of Chemistry

The hydrogenase enzyme is a metalloenzyme that is found mostly in a variety of microbial species that are
used in energy metabolism. They are classified into 3 families: Fe-Fe, Fe-Ni, and Fe-hydrogenase. The
bimetallic enzymes are redox active and catalyze the reversible reduction of protons to form H2.
[Fe]-hydrogenase is unique and catalyzes the heterolytic cleavage of H2 to reduce the methenyl-H4AMPT+
substrate to methylene-H4MPT. The Fe center remains redox inactive during this intermediate step of the
overall reduction of CO2 to CH4. A previously synthesized model exhibited functional reactivity via a
hydride transfer and subsequent reduction of a biomimetic substrate. This model featured an anthracene
scaffold to enforce the same geometric ligand sphere as the enzyme’s active site. Though an accurate model,
the system is rigid which isn’t representative of a characteristic fluid and dynamic enzymatic environment.
We are interested in analyzing how added flexibility/dynamics will affect reactivity. To accomplish this, the
project consists of the synthesis of the aforementioned biomimetic model using a thianthrene scaffold.
Thianthrene exists in a ‘bent’ conformation and has a dihedral angle of 127°. However, similar to a butterfly
motion, thiranthrene ‘flaps’ very rapidly in solution. With the success of this project, we hope to elucidate
how localized flexibility will affect reactivity of a biomimetic reaction.
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Characterization of pig feeds via differential sensing arrays

Presenter(s): Aidan Comiskey

Anh Vu, David Sarabia, Kevin Hoang, Cassie Shannon, Morgan Hagood, Zamora

Collaborator(s): Olivares, and Eric Anslyn

Department(s): Department of Chemistry

Complex mixtures are relevant to a wide variety of fields, from honey in the food industry to wine in
viticulture.1 More traditional multidimensional analyses of these mixtures rely on expensive,
infrastructurally-intensive, non-portable methods, while one-dimensional analyses are available using
lock-and-key sensing methods.1 Of recent interest, as a result, has been the development of chemical-based
sensors that are able to provide these complex characterizations—differential sensing. Past work has
demonstrated the efficiency of these sensors, comprising of a peptide-metal-colorimetric indicator
complexes, in differentiating various complex mixtures based on tannin content, most notably wine.2 Of
notable interest is the characterization of pig feeds via differential sensing, as these mixtures vary
significantly in tannin content.3 This variation has been shown to have significant effects on the growth
performance and gut microbiome of piglets and is thus of great interest to the field of animal husbandry.3
Differential sensing assays were run on two different samples of seaweed extract-based pig feeds, A.
Nodosum and F. Serrata, to determine whether these mixtures would react efficiently with the sensor
complexes. UV-visual spectroscopy of the resultant solutions and analysis using linear discriminant analysis
(LDA) and principle component analysis (PCA) revealed that these samples interacted with the sensors, with
the two pig feeds showing clear differentiation. This indicates that the use of differential sensors is a
promising avenue in the differentiation and characterization of seaweed-based pig feeds moving forward.
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Repurposing old pharmaceuticals: investigating the
therapeutic effects of bupropion analogs

Presenter(s): Tanvi Ingle, Michelle Sanchir, Antawn Gonzales and Sherron Thomas
Collaborator(s): Elizabeth Ilardi
Department(s): Department of Chemistry; Freshman Research Initiative Bioactive Molecules Stream

Given the growing demand for new pharmaceuticals with multifaceted applications and the expensive nature
of this research, uncovering the therapeutic potential of analogs to existing compounds poses a new, cheaper
strategy for drug discovery. Bupropion, a pharmaceutical used as an antidepressant and a smoking cessation
aid, is an ideal candidate to be repurposed given its simple chemical structure.This paper proposes
restructuring bupropion by integrating pyridine and chlorine moieties, to create a novel drug with potential
antidepressant, antibiotic, and antifungal applications. A primitive version of this analog with just the
pyridine moiety was successfully synthesized. This was accomplished through the sequential nucleophilic
addition of ethylmagnesium bromide, bromination, and tert-butyl amine substitution of the starting
compound, 2-cyanopyridine. The existing reaction procedures for this synthesis pathway were optimized and
the product was characterized via thin-layer chromatography and nuclear magnetic resonance. Future steps
include synthesizing the chlorinated analog and determining the subsequent bioactivity of the primitive and
chlorinated bupropion analogs using multiple bioassay techniques.
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The synthesis of new classes of Sig2R ligands

Presenter(s): Azelia Lau, Alisa Lu and Kimmi Sin
Collaborator(s): Elizabeth Ilardi
Department(s): Freshman Research Initiative

Classes of ligands were explored by synthesizing new structures by altering the existing scaffold structures.
By finding a ligand that is more easily synthesized with a greater affinity and selectivity for the sigma 2
receptor (Sig2R), there may be potential to create drug candidates that treat numerous medical problems
more effectively. Sigma receptors, specifically 1 and 2, located in the central nervous system have been
found to be potential targets to treat neurological disorders, including Alzheimer’s Disease (AD). While
much is known about the SigIR structure and functions, little is known about Sig2R subtype. Research has
shown that the Sig2R binding site is located in the progesterone receptor membrane component-1
(PGRMC1) and has been recently been identified as the transmembrane protein 97 (TMEM97). The Sig2R
is located in the liver, kidneys, central nervous system. It has been shown to improve neurological diseases
such as schizophrenia and AD, in regulating cancer cell proliferation, alcohol dependence, relieving
hypersensitivity follow neuropathic injury, and decreasing axonal degeneration after traumatic brain injuries.
The synthesis of the benzoxazocine, morpholine, and aminotetralin ligand classes were completed through
the reactions of the conversion of nitro group to amine synthesis, amino tetralin synthesis and its Finkelstein
secondary procedure, and the Friedel-Crafts Acylation of Bromobenzene, respectively. These ligands may
have higher affinities to the sigma 2 receptor, cause novel benefits as future drug candidates, and may be
easier to synthesize than existing known ligands.
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Understanding the Effect of Cryoprotectant Toxicity
Neutralizers on Lipid Stability

Presenter(s): Kelly Risch
Collaborator(s): Carlos Baiz
Department(s): Department of Chemistry

There are organizations across the world that seek to preserve and catalog different plants species. However,
this task is difficult for plants that do not produce a seed, such as plantains or bananas. Seedless plants could
be preserved at low temperatures with the use of cryoprotectants, which prevents the formation of ice
crystals within a cell. However, although the formation of ice crystals is stalled, the toxicity of the
cryoprotectants cause cell death. The specific toxicity mechanisms, including cell damage, are not
understood. Previous evidence suggests a connection between the cryoprotectant concentration and a change
in the phase transition temperature of the cell’s lipid membrane. More specifically, it is known that as the
lipid membrane undergoes a liquid-to-gel transition temperature (typically around ~20 C), and the ability of
cells to recover is reduced significantly. Dimethylformamide (DMF) and formamide (FA) have been found
to counteract the toxicity in animal cells, such as rabbit kidney cells, but their effect on plant tissues is not
understood. We have explored the changes in the phase transition temperature of the common lipid
dipalmitoyl phosphatidylcholine (DMPC) in solutions of the cryoprotectant dimethyl sulfoxide (DMSO) in
addition to the two cryoprotectant toxicity neutralizers dimethylformamide and formamide, that have been
shown to increase viability in animal cells when used together with DMSO. A solution of the DMPC in
water was examined through Fourier Transform Infrared Spectroscopy to confirm the IR signatures of the
phase transition. The findings show that the solution of DMSO increases the melting temperature of DMPC
from ~24 C to ~27 C. The addition of FA to DMSO did not appear to significantly affect the melting
temperature of DMPC, it remained at ~27. The addition of DMF to DMSO further increased the melting
temperature of DMPC ~28 C.
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Synthesis of N7-alkyl-guanine adducts for potential
structural and kinetic studies

Presenter(s): Andrew Ta
Collaborator(s): Aaron Rozelle, Naveen Kumar, Seongmin Lee

Department of Chemistry; Cockrell School of Engineering, McKetta Department of
Department(s): Chemical Engineering; College of Pharmacy, Division of Chemical Biology and
Medicinal Chemistry

Due to its high reactivity, the N7 position of Guanine is the primary target of many alkylating mutagens,
carcinogens, and anticancer drugs. These lesions can be detrimental to a cell by altering DNA replication and
leading to mutations. However, the effects of N7-AlkylG lesions were poorly understood due to the
instability of the cation formed after alkylation. Fluorine substitution at the 2’ position was found to
destabilize the transition state, thus preventing depurination and allowing various structural and kinetic
studies to be performed for different alkylating adducts. The current adduct of interest is a nitrogen half
mustard with a hydrophobic phenyl group and acridine subunit attached. In nitrogen mustard studies,
interstrand cross-links are found to be formed in low yields but are believed to be largely responsible for
their medicinal activity as one of the first anticancer drugs. By introducing the acridine subunit, the hope is
that the alkylated nucleoside will fluoresce, allowing more precise biological studies to be performed. The 2’
fluorinated guanosine was synthesized in a multistep synthetic pathway in preparation for alkylation with
various adducts (in this case, a nitrogen half-mustard acridine moiety). After alkylation, the compound will
be sent to Midland Certified Reagent Co. for solid-state DNA synthesis and later be returned to the Lee Lab
where further studies can be performed. If successful, the alkylating adduct will add to the N7 position of
Guanine and be incorporated into the oligonucleotide, allowing various structural and kinetic studies to be
performed, such as the development of melting curves to examine duplex DNA stability and crystal
structures to see how nucleotide incorporation by DNA polymerases is affected. Fluorescence of the acridine
moiety will hopefully allow for greater precision in these studies, providing further insight into how these
lesions become mutagenic.
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3D-printing plastics with visible light

Presenter(s): Kevin Zhou
Collaborator(s): Zachariah Page, Dowon Ahn, Lynn Stevens
Department(s): Department of Chemistry

Traditional manufacturing processes are subtractive—ifrom a huge bulk supply, parts are extracted and
utilized to make products. This requires time and energy to be spent in processes such as milling, carving,
and machining, which also requires additional equipment. In contrast, additive manufacturing, such as
3D-printing, builds up a larger object from its pieces, mitigating intermediary processes, and improving
efficiency.1 3D-printing of polymers, which are large molecules composed of many smaller molecules
(monomers) connected in sequence, has gained recent interest given the low cost and facile processability.
One promising method of additive manufacturing is vat photopolymerization, also known as light-based
3D-printing. Vat photopolymerization involves the reconstruction of a 3D object by iteratively exposing a
photosensitive liquid (e.g., resin) to the 2D slices that make it up.2,3 Each 2D light exposure, or slice, results
in hardening of the resin, and those layers are stacked onto each other to turn computer-aided designs into
complex 3D objects (Fig. 1). Vat photopolymerization, when compared to other additive manufacturing
methods, is far more precise and can create objects with finer details. However, several limitations are still
present for vat photopolymerization. Only photosensitive resins can may be used, which is currently limited
primarily to ultraviolet/violet light due to their high energy providing faster polymerization. Being able to
use visible wavelengths offers numerous advantages. The longer wavelengths penetrate deeper, allowing for
applications in making thicker coatings and adhesive layers. For biological applications, longer wavelengths
are less damaging to cells, which can facilitate future development of light-based biological 3D-printing,
which is largely unexamined to-date. In addition, since longer wavelengths are less energetic compared to
UV radiation, the final object is not as damaged under prolonged exposure compared to contemporary
methods. Longer wavelengths will be compatible with a wider range of materials that may either absorb UV
light or degrade when exposed to it; it may also aid in the development of multimaterial additive
manufacturing that utilizes two different materials and two different wavelengths simultaneously to print an
object. Thus, this proposal seeks to enhance the potential materials scope for 3D-printing by developing new
visible light sensitive resins.
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Comparing gaze accuracy between virtual and physical
agents

Presenter(s): Akash Singh, Abrar Anwar, Stone Tejeda
Collaborator(s): Justin Hart
Department(s): Computer Science

Humans, unlike robots, are capable of using social cues to communicate their navigational intentions to
others. This work addresses the problem of robots sending social signals to communicate their navigational
intentions. We observed in a human study that gaze is an important signal used by people to navigate
crowded areas, and leveraged this insight as the basis for gaze signaling on our mobile robot. We developed
a virtual agent head for a mobile robot platform and compared its performance against an LED turn signal,
and concluded that people more easily interpret the meaning of the gaze cue than that of the LED turn signal.
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Using human-inspired signals to disambiguate navigational

intentions
Presenter(s): Stone Tejeda, Abrar Anwar, Blake Holman, Connor Sheehan, Jeffrey Huang
Stone Tejeda, Abrar Anwar, Blake Holman, Connor Sheehan, Jeffrey Huang, Justin Hart,
Collaborator(s): .
Reuth Mirsky

Department(s): Computer Science

When humans pass each other in a crowded hallway, they subtly cue to each other where they intend to go,
which prevents them from walking into each other. Such cues include orientation of their hips and shoulders;
a known predictive cue that indicates where they intend to walk is that they will look in the direction of their
motion preceding where they intend to walk. We observed in a human study that gaze is an important signal
used by people to navigate crowded areas, and leverage this insight as the basis for developing a gaze signal
on our mobile robot. We then develop a virtual agent head with gaze behavior for a mobile robot platform
and compare it against an LED turn signal by having participants navigate down a narrow hallway towards a
mobile robot using one of the signalling methods. A comparison of how often participants understood the
meaning of the signal and avoided the robot shows that people more easily interpret the gaze cue than the
LED turn signal.
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Classifier performance analysis through H-1B visa
certification status classification

Presenter(s): Yuhao Yang
Collaborator(s): Angela Beasley
Department(s): Department of Computer Science

In 2019, US Citizenship and Immigration Services (USCIS) updated the H-1B application process. The new
policy moves the H-1B lottery before the submission of the complete application. Therefore, the application
certification status is more important since it becomes the final step before getting the visa. This paper
explores the previous H-1B Application Dataset to find the patterns between applicants’ information and
their certification status. The paper demonstrates the correlations between several key features and the
certification status. Moreover, it explores seven common classification models, analyzes the performance of
each model according to the H-1B dataset, and integrates models in a specified way to achieve a 91%
accuracy and 99% precision.
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Python-assisted optimization of power wall coding

Presenter(s): Drupad Annapureddy
Collaborator(s): Nathan Wu, Jacob Thomas and Keryn Pasch
Department(s): College of Education

The tobacco “power wall” is a display of sometimes hundreds of tobacco products and advertisements in
convenience stores. Using images of power walls, researchers coded the relevant metrics from images from
different outlets, which persisted of manually counting from the image each metric that was of focus, such as
number of total cigarettes (flavored/menthol vs unflavored) and number of cigarettes from each brand.
However, manually counting each metric required multiple pass-throughs or could result in a researcher
forgetting their count midway through the image. Using Python, I created a program to automate the
counting of all metrics concurrently through only one pass-through. To test the optimization of the coding
process, I designed an experiment to check for the program’s reliability and efficiency. 3 researchers coded 5
images by hand and the same by program. Length of time taken to code each image was taken, and after each
image, the researcher recorded their current mental state on an arousal-valence diagram. The results show a
99% correlation between the counts for the by-hand method and Python method. Among the 3 coders, the
average coding time by hand was 11 minutes, 18 seconds, while the average coding time by program was 7
minutes, 23 seconds. There was a 3.91 minute/25% decrease in time between the methods. Arousal and
valence were measured on graphs from scales of 1 to 8. 1 indicates least arousal or pleasant feelings, while 8
indicates most arousal or pleasant feelings, respectively. On average, arousal feelings stayed approximately
consistent by hand to program methods from 6.27 to 6.53, while valence went from 3.73 to 6.73. This
program provides a reliable method for coding the images, while also decreasing coding times and
improving researcher happiness, making it a clear optimization of the power wall coding process.
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Standard Possession Orders and Nonresidential Fathers’
Involvement with their Children: An Assessment of Texas
Family Code Policies

Presenter(s): Anna Davis
Collaborator(s): Jacque DeAnda and Edward Anderson
Department(s): Human Development and Family Sciences

Standard Possession Orders (SPOs) are often issued to ensure structured parenting time (i.e., visitation)
arrangements for unmarried parents. In Texas, SPOs grant nonresidential parents (usually the father)
visitation one evening per week and every other weekend. This results in the residential parent receiving over
two times more parenting time than the nonresidential parent. This study’s primary goal is to evaluate the
effectiveness of court-ordered SPOs (versus parent-determined possession orders) by examining how SPOs
are associated with nonresidential fathers’ involvement over time. Data comes from a longitudinal study of N
= 196 residential mothers and their children within the first two years following divorce-filing. Independent
samples t-tests investigate whether parents who agree to/receive SPOs differ demographically/relationally
from parents who self-determine their orders. Second, hierarchical linear models examine how the SPOs are
associated with nonresidential fathers’ involvement over time. Results show that differences exist between
families who receive SPOs and self-determine their own possession orders. Families with SPOs are more
likely to have younger children and experience greater coparenting challenges/conflict. Without controlling
for child age and parents’ coparenting challenges, SPOs are associated with less emotional involvement in a
given week, more requests by the father for changes to the parenting time schedule, and less notice from the
father before requested changes. However, after controlling for child age and parents’ coparenting
challenges, no significant differences exist between families with SPOs and self-determined possession
orders. Results demonstrate the importance of having SPOs; SPOs may not directly promote greater
involvement between nonresidential fathers and children, but rather act as a safeguard against potentially
negative effects of coparenting challenges for nonresidential fathers’ involvement.
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Linguistic inquiry and word count (LIWC) applied to dream
reports reveals what makes ““significant” dreams significant

Presenter(s): Katherine Ewend
Collaborator(s): Remington Mallett
Department(s): Department of Psychology

Manual coding of dream reports is laborious and susceptible to experimenter bias. Recent advances in text
analyses offer automated approaches that overcome both of these limitations. One such approach —
Linguistic Inquiry and Word Count (LIWC) — searches written reports and quantifies their amount of words
from predetermined categories using an empirically validated dictionary. For example, LIWC returns the
proportion of words in a report that are pronouns, social words, or words related to cognitive processing.
Here, participants (N = 731) reported one significant dream they had, along with one recent (i.e., mundane)
dream, and we applied LIWC to the dream reports to distinguish their critical features. Reports of significant
dreams contained a higher frequency of words from “metaphysical” categories (e.g., religion, death) and a
lower frequency of social words. The finding that recent dreams are largely social is consistent with previous
research, and the novel characterization of significant dreams highlights the value of applying LIWC to
dreams. Analyzing dream reports with LIWC can provide novel insights into the structure of dreams through
its unbiased approach to content analysis. Furthermore, its efficiency makes it particularly useful for large
datasets, which are increasingly available within dream research.
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Social relationships and executive functions in pediatric
ADHD

Presenter(s): AnnaCarolina Garza
Collaborator(s): Tehila Nugiel and Jessica A. Church
Department(s): Department of Neuroscience; Department of Psychology

Peer relationships are essential throughout childhood and adolescence and can positively or negatively
impact a child’s academic success. Our objective is to test for relations between peer functioning, executive
function, and academic outcomes in children with and without diagnosed attention-deficit/hyperactivity
disorder. The core symptoms of ADHD often result in children having more difficulty in peer social
relationships. Data will be analyzed from 217 participants (120= Boys, 97= Girls) with a mean age of 12.54,
92 of whom were diagnosed with ADHD. To measure executive function, performance on three tasks related
to core domains of executive function -cognitive flexibility, working memory, and inhibition- will be used.
Parent reports of school success will be used to assess academic outcomes. For peer functioning measures,
parent and child reports about their peer and family relations and social skills were obtained. We will
correlate executive function scores and academic achievement measures with peer/family relations scores
and social skill scores. Problems with inattention in children can limit the acquisition of social skills, while
hyperactivity and impulsivity can make them more aversive to peers; understanding more about the complex
relations between academic success, social skills, and executive function could help improve treatment for
ADHD.
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The effects of weight discrimination in school on academic
well-being: the mediating role of school

Presenter(s): Leighton Harper
Collaborator(s): Celeste Fernandez and Aprile Benner
Department(s): Human Development and Family Sciences

Adolescents are frequently reporting weight-based discrimination and this stigmatization can have negative
consequences for adolescents’ well-being (Puhl et al., 2013). Given the large amount of time that adolescents
spend in educational institutions, school settings are primary sites for this weight-based discrimination to
occur, which may have negative consequences for students’ academic well-being (Krukowski et al., 2009).
Further, if adolescents are experiencing weight-based discrimination from peers and educators, they may
perceive their school climate to be more negative. As school climate is associated with academic outcomes
(Cohen, Guffey, Higgins-D’ Alessandro, & Thapa, 2013), weight discrimination may impact adolescents’
academic well-being through school climate. Therefore, the proposed study will investigate the influence of
peer-perpetrated and educator-perpetrated weight discrimination on adolescents’ academic well-being and
whether school climate might serve as a mechanism through which weight-based discrimination influences
academics. Analyses utilized survey data from 751 8th grade public school students in the United States
(40% White, 32% Latino, 11% biracial or other, 8% Asian American, 6% African American). Measures
include student reports of peer and educator perpetrated discrimination tied to weight, school climate (peer
school climate, school belonging, and school safety), and academic well-being (average grades, math/science
efficacy, school engagement). Correlation analyses revealed that peer and educator perpetrated weight
discrimination were significantly correlated with both school climate and academic well-being variables.
Additionally, school climate variables were also significantly correlated with academic well-being variables.
Results from the current study suggest that weight discrimination may influence adolescents’ academic
well-being and that school climate might mediate this relationship. Further, results of the proposed study can
shed light on the consequences of weight discrimination for adolescents and bring awareness to how school
climate may help students achieve better academic outcomes through fostering more positive, inclusive
learning environments.
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The effects of sitting and moderate exercise on plasma
insulin and glucose Responses to an Oral Glucose Tolerance
Test

Presenter(s): Sungmo Hong
Collaborator(s): Michael Dial
Department(s): Department of Biology, Human Performance Laboratory

Exercise reduces the risk for cardiovascular disease and type 2 diabetes, though increasing evidence suggests
that major health risks of prolonged sitting are apparent even in individuals who meet the current guidelines
for exercise (1, 2), suggesting that prolonged sitting may attenuate the metabolic benefits of exercise.
Accordingly, this study aimed to determine how prolonged sedentary behavior affected insulin sensitivity
after two days of physical inactivity (< 3,500 steps). Five untrained men (n = 2) and women (n = 3)
completed three five-day trials in a randomized crossover design. Each trial began two days consisting of
free living, normal physical activity levels without structured exercise, followed by two intervention days.
Two intervention days of physical inactivity (3404 + 40 steps) without exercise (SIT) were compared to two
intervention days of physical inactivity (3077 £ 141) steps with a 1-hr bout of moderate cycling (SIT + EX)
and two intervention days of high activity (12,326 + 530 steps) with a 1 hour bout of moderate cycling
(ACTIVE + EX). The following morning, participants completed an oral glucose tolerance test (OGTT). No
differences between trials (p > 0.05) were found in the overall insulin, glucose, or triglyceride responses
during the OGTT. The hour of moderate cycling during SIT+EX failed to attenuate the triglyceride AUC
compared to ACTIVE+EX.
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Working memory performance and physical maturation in
adolescents

Presenter(s): Ashley Jacob
Collaborator(s): Jessica A. Church
Department(s): Department of Neuroscience; Developmental Cognitive Neuroscience Lab

Early adolescence is known to be a time of significant development and growth. Important cortical areas
such as the frontal and prefrontal cortex show drastic growth during this time, and brain maturation during
adolescence relate to better executive functioning. We tested whether the degree of pubertal development of
the body also corresponded to higher performance in working memory. In order to assess the relation of
these two factors, we used data from a sample of 212 participants ranging from the age of 8-18 years old.
Because pubertal development is known to differ by gender, the sample was analyzed separately by reported
gender. Participants completed the Pubertal Developmental Scale (PDS), and raw PDS scores were used as
the maturation measure, while age was used as a control variable to test whether puberty, above and beyond
age, related to working memory development. To evaluate working memory, a computer task "Symmetry
Span", and an oral task, "Digit Span" were used. A multiple linear regression was run between the PDS
scores and each of the respective working memory task scores. There was a substantial positive, significant
relation between PDS and Symmetry Span recall, as well as with PDS and Digit Span score across both
sexes. However, after controlling for age, these relationships did not survive. While maturation strongly
relates to working memory performance, pubertal maturation does not appear to contribute significant
additional variance beyond age.
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The influence of inclusive school policy and GSAs on
long-term well-being for LGBT students in texas

Presenter(s): Angela Kang
Collaborator(s): Stephen Russell
Department(s): Department of Molecular Biosciences

Lesbian, gay, bisexual, and transgender (i.e., LGBT) youth are at risk for lower educational attainment than
their heterosexual and cisgender peers. Prior research indicates that inclusive anti-discrimination policies and
gender sexual alliances can improve school outcomes for LGBT and all youth, yet few studies have
examined these strategies with respect to long term educational attainment such as graduation rate, college
readiness, and higher education enrollment. This study examined the influence of inclusive enumerated
anti-discrimination policies and gender sexuality alliances (GSAs) on long-term educational attainment
indicators in the 20 largest public school districts of Texas. Across the top 20 school districts, 42.03% of
schools had GSAs and 56.04% had inclusive policies. Results found that students in schools with GSAs were
significantly more likely to be deemed college-ready or college, career, or military-ready by the Texas
Education Agency. Neither enumerated policies nor GSAs were significantly associated with overall
four-year graduation rate, drop-out rates, and enrollment in Texas higher education in the current study.
Results suggest that GSAs may be a more active measure in supporting inclusive campus culture that can
translate to long-term positive outcomes than inclusive policies. While further research is necessary to
understand the impacts of policy and other protective measures, these results indicate that schools may better
support LGBT kids by cultivating communities of direct support at the campus-level through GSAs.
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Processing speed 1s independent of anxiety and perceptions
of ADHD symptom burden in children

Presenter(s): Kyle Katigbak, Janchira Charoenworawat, and Miriam Ortega
Collaborator(s): Jessica Church-Lang

Department of Biochemistry, Department of Psychology, Developmental Cognitive

Depart t(s): ;
epartment(s) Neuroscience Laboratory

Processing speed (PS) is an established index of cognitive ability shown to have impairments in
attention-deficit/hyperactivity disorder (ADHD) and internalizing disorders (i.e. anxiety, depression). Studies
demonstrate poorer learning outcomes, lower academic achievement, and slower processing in children with
ADHD, but there is less evidence to illuminate the impact of attentional deficits with co-occurring clinical
symptoms on PS. The purpose of this research is twofold to 1) Examine independent associations between
PS, anxiety, and the hallmark symptoms of ADHD (inattention, hyperactivity/impulsivity) as well as 2)
Establish differential effects of anxiety and child versus parent perceptions of ADHD symptom burden on
PS. It is predicted that children with high anxiety would perform worse on measures of processing speed.
Secondly, it is predicted that parent-reported ADHD symptom burden would explain differences in PS more
than child reports after controlling for sex, age, and 1Q. To evaluate hypotheses, bivariate correlations were
computed and a hierarchical regression was performed using clinical surveys (Multidimensional Anxiety
Scale for Children, and Connor’s Scale for Assessing ADHD) and behavioral tests of PS (i.e. Pattern
Comparison, Letter Comparison, Symbol Search). From the sample of 187 children and adolescents aged
8-18 (M: 12.52 'y, SD: 2.69 y), it was found that elevated child-reported hyperactivity-impulsivity was
marginally related to lower anxiety (r=-.19, p=.05). Results of the regression revealed that anxiety did not
significantly predict the variance in PS (F(4,182)=20.97, p>.05), nor did parent or child observations of
ADHD symptom burden (F(6,180)=15.23, p>.05; F(8,178)=11.58, p>.05). Although the overall model was
not significant (R2=34.2), parental perceptions of hyperactivity-impulsivity made a unique contribution (8
=-.19,t=2.39,p=.018) to the final model. Together, these findings suggest that ADHD symptoms slightly
influence PS and child report of anxiety symptoms; parents' assessments of attention problems may be
particularly useful for detecting processing speed differences.
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Provider-level treatment philosophy for HIV and substance
use: a qualitative analysis

Presenter(s): Rithi Mulgaonker, Nishita Pondugula and Rylee Maguire
Collaborator(s): Avat Kioumarsi and Kasey Claborn

Humanities, Health and Society; Department of Public Health, University of Texas at

Department(s): Austin Dell Medical School

Aim: Treatment retention for people living with HIV (PLWH) and people who use drugs (PWUD) remains a
significant public health concern. Existing literature does not adequately address organizational-level factors
affecting patients’ retention in care. In particular, there is a lack of qualitative research that aims to explore
the HIV and substance use clinical culture at the provider level. Methods: This analysis used emergent data
from a larger HIV treatment study that explored clinician perspectives on PLWH’s linkage to substance use
(SU) care and vice versa. Data from 29 semi-structured individual interviews (16 HIV and 13 SU clinicians)
recruited in New England in 2015, were analyzed using thematic analysis. Results: Overall, 3 themes
emerged assessing HIV and SU providers’ treatment philosophy: 1) expectations of patient responsibility; 2)
scope of treatment; and 3) level of collaboration amongst interdisciplinary healthcare professionals. HIV
clinicians tended to step outside their expertise to support patient life needs, while SU clinicians were more
focused on patient SU problem. Conclusions: Our results indicated the differences in perspectives on HIV
and SU treatment philosophy. These results highlight the need for clinician-level interventions to improve
retention in care and treatment outcome for highly vulnerable patient populations.
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Inside, outside, alone, with friends: characteristics of
pretend play in preschoolers

Presenter(s): Katie Mantel
Collaborator(s): Katie Mantel , and Amy Bryan and Katharine Tillman

Department of Honors and Advanced Human Development and Family Science, Priscilla

Department(s): b0 4 Flawn Child and Family Laboratory

Pretend play is a well-documented and universal characteristic of young children’s development (Leiberman
et al., 2014). Numerous studies document associations between pretend play and important developmental
outcomes (e.g., Slot et al., 2017; Li, Hestenes & Wang, 2016). To our knowledge, only one study describes
children’s pretend play behaviors in the classroom and on the playground (Shim, Herwig & Shelley, 2001).
Yet, in early learning programs, children spend significant time pretending in both of these settings. We
compare several features of children's pretend play across the indoor and outdoor environments in a
preschool program. Specifically, we examine play themes, social complexity, play duration, abstractness of
play episodes, number of players involved, and use of props. Our sample consisted of 63 preschoolers
enrolled in a laboratory school at the University of Texas at Austin. Observations of children’s pretend play,
inside and outside, were coded for behaviors of interest. Pearson’s chi-squared analyses were performed to
test associations between the indoor and outdoor environments and characteristics of children’s pretend play.
Post-hoc analyses, controlling for age, were also conducted. Our results indicate that some play themes are
more frequent inside (e.g., Family/Daily Living), while others are more frequent outside (e.g., Adventure).
Additionally, younger preschoolers are more likely to be prop-dependent and play in larger groups inside,
while older preschoolers are more likely to be prop-independent and play in larger groups outside. Thus,
young children engage in pretend play differently in the classroom and on the playground, and specific
characteristics of pretend play vary by age across these settings. Consistent with prior research (e.g., Bagley
& Klass, 1997), our results suggest that the materials available to children during pretend play are important
for scaffolding cognitive and social development. They highlight the importance of early childhood
educators creating rich indoor and outdoor environments to facilitate children’s development.
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Presenter(s): Willa Scanlon, Mallika Khurana, Chloe A Juanico, Brenda Stanfill
Collaborator(s): Yeeto Ng and Shiyang Zhang

School of Human Ecology, Department of Human Development and Family Sciences;

Department(s): Adult Family Project

Socioemotional selectivity theory posits that individuals who perceive having a short amount of time left will
choose to spend that time cultivating existing relationships. Therefore, individuals in their later years will
spend more time cultivating their relationships, especially with those they are closest to. As such, we focused
on the 10 closest social partners reported in the social convoy by older adults in this study of empathy.
According to the perception-action model, individuals who are higher in empathy will understand what the
object (the invoker of empathy) is experiencing faster than individuals who are lower in empathy. In the
current study, we hypothesize that individuals who are high in empathy will report more social partners with
life problems (e.g., health problems, financial problems) because they are faster and better at understanding
what their close partners are experiencing. This study used data from the Daily Experiences and Wellbeing
Study (DEWS). The sample consisted of 333 participants over the age of 65 in the greater Austin, Texas
metropolitan area. Participants were interviewed face-to-face and asked various questions regarding their
demographics, social network information, and personal attributes. Participants also reported their social
convoy members and whether their social partners had any life problems. Linear regression models found
that participants who were high in empathy had significantly more social partners with at least one life
problem than participants who were lower in empathy. However, when comparing the number of life
problems found in social partners within the innermost circle (those the participant cannot live without), no
significant difference was found. Our hypothesis was only supported when considering all 10 social partners,
not just members in the innermost circle. Discussion focuses on the bidirectional influence of empathy that
may contribute to older adults’ social networks.
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Determining an ideal concomitant therapy for treating IBD

Presenter(s): Chandershekhar Shori
Collaborator(s): Marisa Izaguirre
Department(s): Dell Medical School, Department of Pediatrics

Biologics have been frequently employed to ameliorate inflammatory bowel disease (IBD) in order to help
patients achieve remission. However, long-term effectiveness is limited due to antibody formation toward the
medications. This is especially detrimental to pediatric IBD patients as they are in dire need of a long-term
remedy for their ailments as they are likely to battle IBD for their entire lifetime. So far studies have been
done to show that concomitant therapies between biologics and immunomodulator medications have
decreased the rate of antibody formation to help a patient maintain remission. However, it is yet to be
discovered which concomitant therapy is most effective in helping patients maintain remission for the long
term. Thus, the aim of this study is to collect data on diagnosis, treatment regimen, duration of therapy,
physician global assessment, lab results, stool reports, nutritional status, and growth status(when applicable)
using the Improve Care Now (ICN) registry (2018-01-0136) from patients who are 0-18 years old. Once this
data has been collected, it will be analyzed using biostatistical methods in order to determine an ideal
immunomodulator and biologic concomitant therapy to help treat inflammatory bowel disease.
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Gender differences in emotional reactivity to social
encounters in late life

Presenter(s): Elizabeth Tran
Collaborator(s): Karen Fingerman
Department(s): Human Development and Family Sciences

Research has shown varying results for gender differences in emotional reactivity. While some studies have
found that women have greater negative affect than men, others have found no difference. Likewise, other
studies have also found contradicting results for positive affect. Furthermore, as people age, affect variability
towards both positive and negative stimuli diminishes for both men and women. This suggests that gender
differences in reactivity may be different in older populations than younger populations. Using data from the
Daily Experience and Wellbeing Study (DEWS) involving 313 older adults aged 65, the present study
examines the gender differences in the association between positive or negative encounters and the mood
these encounters may elicit in older adults. Participants first provided their background information and
identified their social partners using the social convoy networks. Then, they completed ecological
momentary assessment (EMA) surveys every 3 hours throughout the day, reporting their social encounters
and evaluating the pleasantness and any stressful discussion during each of these encounters and rating their
mood. Through multilevel models, this study found that for older adults, men have a more significant
improvement in mood after positive encounters than women. This contradicts our hypothesis that there
would be no gender difference in reactivity after positive encounters. In addition, the multilevel models
showed that for older adults, there is no significant difference in change of mood between genders after
negative affect encounters despite previous research that has shown that women have greater variability in
negative affect than men.
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The influence of race/ethnicity and SES on vicarious
discrimination and subjective social status

Presenter(s): Antonia Untalan
Collaborator(s): Farin Bakhtiari, Aprile Benner

Department of Human Development and Family Sciences; UT College of Liberal Arts,

Department(s): Department of Government

There is research centered on the role of ethnicity/race or family socioeconomic status (SES) separately on
adolescents' perceptions of vicarious discrimination (witnessing discrimination directed toward others) as
well as social status (how individuals view their place in hierarchical context and compares to others) tied to
personal characteristics. However, less research is available that has focused on the interaction between
ethnicity/race and family SES in relation with perceived vicarious discrimination and social status in school.
The current study examined the direct impact of ethnicity/race and SES on subjective social status and
vicarious peer- and teacher-perpetrated discrimination. Furthermore, we examined the potential moderating
role of SES on ethnicity/race related outcomes and the moderating role of ethnicity/race on SES related
outcomes. The sample drew from adolescents in 8th grade (N = 1,010) who completed a survey. In our
analyses, we first examined the direct association between race/ethnicity or family SES and the outcomes
and then investigated the role of the interactions on the outcomes in the second step (see Figure 1 for the
conceptual model). Results from direct associations suggested that for subjective social status Latino, Asian
American, and biracial/multiethnic/other students versus White students were more likely to rank those of
their same ethnicity/race lower in social status. Students who reported higher family SES were more likely to
rank those that shared their SES level higher in social status. In addition, African American students
compared to White students were more likely to report race-related peer- and teacher-perpetrated vicarious
discrimination. Finally, we observed clear evidence of moderation by SES and ethnicity/race. These findings
suggest that ethnicity/race and SES do not exist in a vacuum and can impact adolescents in ways beyond
their direct effects, thus providing insights into the importance of acknowledging the intersection of
identities and the need for more research.
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Does social status affect the ability to discriminate colors?

Presenter(s): Karleen Wu, Matthew Lee
Collaborator(s): Don Le, Layla Kutty, Kelly Wallace, Hans Hofmann
Department(s): Department of Integrative Biology

In both human and non-human animals, color learning (associating a color with a stimuli such as a reward)
and color discrimination (a preference for a color over another) can have a great impact on health and
survival , as the color of an object can convey highly salient information (for example, the presence of a
predator, or a high quality mate, or appropriate food). At the same time, individuals can vary in their social
phenotype. Here we ask, how individuals that vary in social status differ in their color discrimination ability?
To explore this question, we used Burton’s Mouthbrooder (Astatotilapia burtoni), a highly social African
cichlid fish that has two reversible male phenotypes: dominant and subordinate. Dominant males are
characterized by aggressive behavior, territory defense and brighter body coloration, while subordinate
males are characterized by passive behavior and dull coloration. Do these phenotypes exhibit different
patterns of color learning? We placed dominant and subordinate males in tanks lined with a specific color to
facilitate color association with a social stimulus. To test the color association, we placed one fish at a time in
a color discrimination apparatus with a barrier on one side with two colors, a novel color and the familiar
tank color. We recorded the amount of time each fish spent with each specific color or a neutral zone.
Immediately after this task, we measured waterborne levels of the hormone cortisol, which regulates the
response to stressful stimuli. We compared how these levels related to task engagement and color preference
and if they differed between the two male types. This experimental design allows us to investigate how the
behavioral and physiological differences between male A. burtoni affect their ability to discriminate and
learn color associations, which helps us further understand how they make decisions in a complex social
world.
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A study of the magnetic properties and near

room-temperature magnetocaloric effect in
AlFe(2-X)CoXB2

Presenter(s): Jesus A. Botello-Esquivel
Collaborator(s): Mahmud Khan and Sunday Agbo
Department(s): Department of Physics; Miami University Department of Physics

Since the discovery of the magnetocaloric effect, a magnetic refrigeration system has been developed using
magnetocaloric materials. Research on such materials is important to the application of magnetic
refrigeration, and the change in magnetic properties and magnetocaloric effects as substitution increases in
AlFe(2-X)CoXB2 (X =0, 0.05, 0.1, 0.15, 0.25) compounds have been studied. Across the five compounds,
there is a single structure observed in orthorhombic style. The phase transitions of the compounds are all of
second-order with the Curie temperatures (Tc) decreasing in a linear fashion as Co is substituted for Fe,
ranging from a max of 303.02K to a min of 209.01K. The refrigerant capacity (RC) was observed to be
independent of the Co substitution amount with a max of 63.68 J/kg at a field change of 2T and a max of
162.21 J/kg at a field change of 5T. With the near-room temperature Tc and great RCs considered, these Co
substituted AlFe2B2-based compounds could serve as efficient magnetic refrigeration materials.
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Kinematics of Metal-Poor Halo Stars in the Milky Way
Galaxy

Presenter(s): Alice Burington
Collaborator(s): Keith Hawkins and Maddie Lucey
Department(s): Department of Astronomy

There are currently 35 highly r-process-enhanced stars, with metallicities of -3.8 < [Fe/H] < -1.4, in the
Milky Way that have calculated orbits from Roederer et al. 2014. The rapid-neutron capture process, or
r-process, is a nuclear reaction that happens during core-collapse supernovae and neutron-star mergers which
create heavy elements. This quantity is an important factor to look at when studying the evolution of the
Milky Way. I analyzed stars with lower metallicities of -4.5 < [Fe/H] < -2. It is important that we understand
the history of these metal-poor stars in the Milky Way or in other nearby galaxies. Highly eccentric orbits are
indicators that the star was likely accreted from nearby dwarf galaxies and did not originate from the Milky
Way. I studied 250 metal-poor halo stars from Gaia to study the assembly of the Milky Way’s halo. I
calculated the orbits of these stars and presented their orbital properties with respect to their metallicities.
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An improved technique for analyzing white award pulsation
modes

Presenter(s): Adrian Crawford
Collaborator(s): Mike Montgomery
Department(s): Department of Astronomy

Asteroseismology is the study of the mechanics of the convection layer of stars. Pulsating white dwarf stars
are often used in asteroseismology because of their well-understood structures. Our tool provides a reliable
and accurate way to identify pulsation modes in white dwarfs. We first tested our tool on synthetic light
curves to which we knew the parent mode identifications. We compared our tool's fits against the known
values for several different noise levels. After testing on many different synthetic curves, with varying
signal-to-noise ratios, we found that it correctly fit the modes the vast majority of the time in low noise level
cases. We then applied our tool to EC14012-1446, a well-studied white dwarf with a high signal-to-noise
light curve. We found that our tool agreed with expert opinion on mode identifications.
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Proving the regularity of minimal surfaces with the De
Giorgi Lemma

Presenter(s): Antonio Farah
Collaborator(s): Stefania Patrizi
Department(s): Department of Mathematics, Analysis Group

The minimal surfaces problem consists of finding the set that minimizes its perimeter among all sets of a
certain volume. Such set is known as a minimal set. The problem was considered intractable until the 1960's,
when the development of geometric measure theory by researchers such as Fleming, Federer, and De Giorgi
provided the necessary tools to find minimal sets. After the existence of minimal sets was proven, minimal
surfaces became an active area of mathematical research--focused on determining the properties of minimal
sets. One of the most prominent research problems sought to determine how smooth the boundary of
minimal sets is in n dimensions, which is also known as the set’s regularity. This paper approaches the study
of minimal surfaces using geometric measure theory, concluding on the De Giorgi Lemma--which
demonstrates that minimal sets have some level of regularity.
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Searching for color changes during outburst

Presenter(s): Joseph Guidry
Collaborator(s): Zachary Vanderbosch, J. J. Hermes, and Michael Montgomery
Department(s): Department of Astronomy

[lluminated by Kepler and K2 mission data, a new phenomenon has been observed in a select population of
pulsating hydrogen atmosphere white dwarfs (or ZZ Cetis): outbursts. These outbursting white dwarfs
undergo outbursts that cause their mean flux to irregularly spike from 2% up to 15% over the course of 4 to
25 hours. Two of these outbursting white dwarfs were observed for more than 80 days by K2 during its
Campaign 16: EPIC 211629697 and EPIC 211968416. Simultaneously, the Panoramic Survey Telescope and
Rapid Response System, or Pan-STARRS (PS1), observed the same field of view in four different color
filters (g, r, 1, and z) with 30 second integrations. Using the K2 light curves we identified 12 frames out of 54
PS1 images that are situated within or near an outburst for EPIC 211629697, as well as 20 of 59 for EPIC
211968416. We report aperture photometry results on these PS1 frames and present an exploration of their
color information to search for changes in surface temperature for the frames in outburst relative to phases of
quiescent pulsations using Kp — PS1 vs Kp color-magnitude diagrams. Finally, we discuss the optimization
of the analysis currently underway to recover lost data and yield clearer results and statistics.
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The formation, distribution, and evolution of ancient stellar
populations in the local group at present day

Presenter(s): Elizabeth Gutiérrez
Collaborator(s): Michael Boylan-Kolchin, and Andrew S. Graus
Department(s): Department of Astronomy

The first generation of stars in the universe are believed to have formed during Cosmic Dawn. Stars were
able to form as a consequence of the gravitational collapse of dark matter (DM) into halo structures. As the
earliest stars formed and ionized neutral matter, the universe experienced cosmic reionization. Star-forming
regions, over time, began to merge in a hierarchical assembly process characteristic of the 7CDM
cosmological model. The oldest, most metal-poor stars observed today (z=0) in the Milky Way (MW) are
artifacts of early star formation in the universe. The 7CDM model predicts these ancient stellar populations
to reside in three places: the bulge, the stellar halo, and dwarf galaxies (El-Badry et al. 2018). Stellar halos at
present day are believed to be the remnants of tidally disrupted dwarf-galaxies and contain important
information about first stellar populations (Bullock and Johnston 2005). Depending on when the universe
re-ionized, the total number and spatial distribution of first generation of stars residing in the MW’s DM halo
could vary significantly. Moreover, an analysis of the metal abundances of these stars indicates whether star
formation thrived at early times or was quickly suppressed. We present a study of simulated MW-mass
galaxies from the Feedback In Realistic Environments (FIRE) collaboration addressing the following: (1)
total star formation history at the local volume; (2) the spatial distribution of these ancient stars during the
early universe; (3) where the population of oldest stars reside at z=0; (4) their chemical enrichment history;
and (5) how the timing of reionization affects these conclusions.
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Weighted mean periods of ZZ cetis through K2 campaign 8

Presenter(s): Sarah Howes and Sarah Olivera
Collaborator(s): Rakim Hirji, Aryn Feldner, Joseph Guidry, Mike Montgomery and Zach Vanderbosch
Department(s): Department of Astronomy

The beginning of the Kepler mission through K2's Campaign 8 provided a compilation of observations of 27
pulsating hydrogen-atmosphere white dwarfs (DAVs) with durations of over 75 days. This allowed pulsation
properties previously inaccessible to ground-based observations to come to light. The primary objective of
this project is to construct a pipeline that reads in light curves of DAVs from the Kepler data set and
measures various aspects of them such as their weighted mean period and weighted mean frequency. These
properties are examined as the stars made their way through the instability strip, and are compared against
the DAVs’ effective temperature (Teff), and surface gravity with a base-10 logarithm (logg). The first
resulting plot shows what appears to be an exponential trend between a DAVs’ Teff and WMP. Ultimately, it
is determined that WMP increases as effective temperature decreases, and hence, as the star ages. Physically,
this means that as the star gets older and has less energy, it takes longer for it to pulsate. A second resulting
plot shows the DAVs’ logg plotted against their corresponding Teff. There appears to be no trend between
the two values. These results can provide insight into categorizing DAVs and ultimately understanding the
nature of pulsating white dwarf stars.
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A parallel-in-time multigrid approach to constrained
optimization problems

Presenter(s): Isaiah Meyers
Collaborator(s): Joseph Munar, Eric Neville, Tom Overman, Jean-Michel Maldague and Rob Falgout

Department of Mathematics Location of research: The University of California, Los

Department(s): Angeles--Institute for Pure and Applied Mathematics

Time dependent optimization problems are prolific in many domains of applied mathematics such as weather
prediction, traffic flow, and resource allocation. Unfortunately, traditional sequential-in-time algorithms have
become bottlenecks in computing model solutions. As such, parallelization is a crucial requirement to
achieve high-performance computing. The OMGrit algorithm is a parallel-in-time multigrid method
designed to solve time-dependent constrained optimization problems. Further, OMGirit is able to optimize
systems simultaneously coupled forwards- and backwards-in-time such as molecular systems and economic
models. For quadratic problems, the algorithm solves the linear Karush-Kuhn-Tucker system of the
optimization problem by decomposing the domain and performing a multigrid relaxation scheme to
approximate the solution of the reduced system. This project introduces an extension of OMGrit to general
nonlinear optimization problems and investigates the performance on both linear and nonlinear problems.
Results show a promising level of speed and robustness compared to more popular optimization solvers
without any sacrifice in accuracy.
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Dynamical mass measurement of a young star with ALMA

Presenter(s): Pranav H. Premnath
Collaborator(s): Ya-Lin Wu, Brendan P. Bowler, Patrick Sheehan
Department(s): Department of Astronomy

In astronomy, stellar masses are fundamental but often difficult to measure. Thanks to the Atacama Large
Millimeter Array (ALMA) and Gaia spacecraft, dynamical masses of young stars can be accurately measured
to within 5% using the Keplerian rotation of protoplanetary disks. This is done by studying the Doppler shift
of the disk; the part that rotates “towards us” will have shorter wavelengths and therefore will be
blue-shifted. The part moving “away from us” will have longer wavelengths and therefore will be
red-shifted. We obtained ALMA observations of dust continuum, CO(3-2), and CO(2-1) emission of CT
Cha, a young star with a known circumstellar disk in the Chamaeleon I star forming region. The mass of the
central star is measured by modeling the spectral line emission using a Bayesian-based radiative transfer
model fitting code, which fits for the geometry, kinematics, and physical properties of the disk. Through our
research, we have found that the masses derived from the two transitions differ. To assess where the
discrepancies lie, we will implement this same modeling of CO(3-2) and CO(2-1) transitions for additional
sources. Ultimately this will allow us to precisely test stellar evolutionary models at young ages.
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Population synthesis simulations: Uncovering the mass
distribution of brown dwarfs in the solar neighborhood

Presenter(s): Aniket Sanghi
Collaborator(s): William M.J. Best, Michael C. Liu, Eugene A. Magnier, Trent J. Dupuy
Department(s): Department of Astronomy

Brown dwarfs are substellar objects more massive than planets and less massive than hydrogen-fusing stars.
They occupy a mass range of 13 - 80 Jupiter masses and cool through their lifetime. This continuous cooling
implies that a younger, less massive brown dwarf can have the same temperature and brightness as an older,
more massive brown dwarf. Thus, it becomes exceedingly complex to utilize observational methods
(photometry and spectroscopy) to calculate a brown dwarf’s physical properties, such as mass, age,
metallicity, etc. This hinders our understanding of a brown dwarf’s evolutionary path. A statistical approach
that can overcome this challenge is by modeling populations of brown dwarfs characterized by an
initial-mass function (IMF). The IMF describes the number of stars formed at different masses. Given an
input IMF and age distribution model, a population-synthesis simulation outputs the luminosity and
temperature for a synthetic population of brown dwarfs. Comparing these with observations helps constrain
the IMF of the population as well as determine the brown dwarf formation history of the Galaxy. The IMF is
constrained utilizing a volume-limited sample of brown dwarfs and different age distribution models using
the chi-squared goodness-of-fit test. We find that the best-fit parameter combinations imply that brown
dwarf formation in the Galaxy favored higher mass brown dwarfs. They also imply that a larger number of
brown dwarfs formed earlier in time. Moreover, we find that some age distributions constrain the IMF more
strongly than others. These results are consistent with previous studies that utilized smaller observational
samples of brown dwarfs.
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Visualizing the complex roots of quadratic and cubic
polynomial functions in three dimensions with MATLAB

Presenter(s): Aniket Sanghi
Collaborator(s): Mark L. Daniels
Department(s): Department of Astronomy, Department of Mathematics

The problem of finding the roots of polynomial functions is central to the study of the behavior of
polynomial functions in mathematics. We know that given any function in the coordinate plane, the points of
intersection of the graph of the function with the x-axis represent the real roots of the function. However,
roots that are in the form of complex conjugate pairs cannot be found by this approach. An interesting
question thus arises as to how the complex roots of a function could be visualized graphically. We
graphically solve for and visualize the complex roots of quadratic and cubic polynomial functions in three
dimensions using MATLAB. Given a polynomial function, a complex domain may yield a complex or a real
range. Ideally, in the situation that the range is complex in nature, we would need four dimensions to
represent the graph of the polynomial function, i.e. two dimensions to represent the domain and two
dimensions to represent the range. We examine the graphs of a quadratic and a cubic polynomial function in
three dimensions by restricting the range to real numbers. We have, thus, calculated the respective restricted
complex domains of quadratic and cubic functions that would yield a real range and have graphed the same
in MATLAB. We notice that the curves generated produce intersection points with the solution plane
thereby providing the visual locations for the complex roots of the quadratic and cubic functions. We also
note an increase in the complexity of curves on moving from a second to a third-degree function. Using this
approach, we can thus graphically visualize and obtain the complex roots of any quadratic and cubic function
in MATLAB.
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Self-similar fractals and Hausdorff dimension

Presenter(s): Thomas Ye
Collaborator(s): Francesco Maggi
Department(s): Department of Mathematics

Self-similar fractals often appear in models of physical phenomena and are generally characterized as sets
which have non-integral dimension and are self-similar. In this project, we develop some of the theory
behind these sets. We introduce the concept of Hausdorff dimension as a formalization of what it means to
have non-integral dimension followed by presenting two theorems originally proven in a paper by
Hutchinson. The first of the theorems provides a way to represent the self-similarity property of a fractal as a
set of functions, and it shows that this set of functions actually uniquely determines the fractal. The second
theorem uses this concept to give an explicit formula for computing the Hausdorff dimension of some

self-similar fractals. The tools used in these two theorems help us better understand the geometry of
self-similar fractals.
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Various applications of emission line detection using
Markov chain Monte Carlo sampling with HETDEX data

Presenter(s): Isaac Laseter, Kendrick Mack, Daniel Mock, and Delaney White
Collaborator(s): Steven Finkelstein, Dustin Davis, Adam McCarron, and Micaela Bagley
Department(s): Department of Astronomy

The Hobby Eberly Telescope Dark Energy Experiment (HETDEX) aims to use the Hobby Eberly Telescope
and a set of spectrographs known as VIRUS to map the three-dimensional positions of one million+ galaxies.
This survey will be used to reveal the role of dark energy at different epochs of the universe. VIRUS
provides astronomers with a large quantity of spectra which must be analyzed to detect emission lines. We
utilized a Markov chain Monte Carlo Ensemble sampler python implementation known as Emcee to scan the
data for emission lines and learn a variety of properties about them. Each of us work on applying this code
further. Our projects include: Using broad Lyman-alpha emission lines to detect the presence of accreting
supermassive black holes (known as active galactic nuclei, or AGN) in HETDEX data and constructing a
luminosity function for these AGN, discovering gravitationally lensed Lyman-Alpha Emitters (LAEs) to
identify and observe progenitors of Milky Way-type galaxies in greater detail, testing the HETDEX emission
line catalog against known galaxies in deep Hubble imaging, and using other python packages to render
imaging of simulated galaxies for a future James Webb Space Telescope project.
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CDX2 transcription factor mutation of T194 1n its inhibition
of ATM-kinase activity on DNA repair

Presenter(s): Hannah Barnes
Collaborator(s): Soo-Hyun Yang
Department(s): Department of Molecular Biosciences; FRI Biobricks for Molecular Machines Stream

Caused by exo and endogenic factors such as chemical exposure and oxidative stress, double stranded DNA
breaks (DSBs) are potentially lethal incidents that, if unresolved, may lead to severe alterations of the
genetic sequence because of DNA insertions, deletions, or translocations. It’s through a series of regulatory
repair mechanisms that systems such as the MRN Complex (Mrel1-Rad50-Nbs1) and Ataxia-Telangiectasia
Mutated (ATM) Kinases work together to activate the transductive pathways and proteins necessary for DSB
repair. However, the regulatory mechanism of MRN and ATM interaction in the presence of DNA DSBs
remains to be further studied. In a recent study, the epithelial homeobox transcription factor known as CDX2
(Caudal Type Transcription Factor 2) was shown to inhibit the interaction between ATM-Kinase and the
MRN complex via its homeobox domain in the presence of DSBs, preventing the activation of a signal
transduction pathway, thus suppressing DSB repair. The goal of this project is to identify the site within the
homeobox domain of CDX2 that is responsible for the ATM-MRN inhibitory effect and separate it from its
transcription activity. In this study, a point mutation was created within the homeobox domain of CDX2 via
site-directed mutagenesis. In particular, the T194 amino acid site was targeted due to its location apart from
the DNA binding pocket of the domain, suggesting that it may have a minimal role in DNA binding and
transcription yet available to interact with other proteins such as MRN and ATM. Further, the CDX2 mutant
was expressed in E.coli and purified via maltose binding protein affinity chromatography. An electrophoretic
mobility shift assay was conducted with the purified CDX2 mutant to examine its DNA binding activity. The
next goal of this project is to examine the effect of the CDX2 mutant on ATM-MRN interaction and ATM
kinase activity in human cells.
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Evolutionary stability of genetic devices

Presenter(s): Luciano Cantu and Alex MacAskill
Collaborator(s): Dennis Mishler
Department(s): Molecular Biosciences

One of the most trying problems in synthetic biology research is the metabolic burden imposed on cells by
genetic parts. This burden imposes an evolutionary pressure that selects against cells that maintain
functioning genetic parts. This means that mutations that disable genetic parts will quickly spread throughout
a population and disrupt any intended experiments or observations. One of the ways researchers combat this
breaking of parts is by attempting to identify and remove mutation hotspots within the gene of interest. One
feature that increases the rate of mutation within a gene is the presence of repeated DNA sequences. This
project intends to quantify the mutation rate conferred by these repeat sequences using a modified
kanamycin resistance gene that allows for the selection for KAN-resistant reverse mutants through an
adaptation of the Luria-Delbruck fluctuation test. The results from these tests were analyzed using the R
Script Fluxxer developed by the Barrick Lab. We determined that the L10- 10 strain has a mutation rate of
1.20E-07, which is about a hundred times more likely than a point mutation. The L8-10 has a mutation rate
of 1.99E-08, which is about ten times higher than a point mutation. The L6-10 has a mutation rate of
4.14E-09, which is about the same as a point mutation. While these results confirm our initial hypotheses, we
need to confirm the veracity of the L10-10 data by verifying the integrity of the L10-10 glycerol stocks. We
will also conduct further trials using alternate repeat KanR variants to determine if the presence of repeat
sequences is what causes mutation, rather than the sequence of the repeats.
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Understanding how mutations in the RNA helicase Dhrl
suppress loss of the methyltransferase Bud23 in biogenesis
of small ribosomal subunits

Presenter(s): Ezzeddine Elmir
Collaborator(s): Joshua Black and Arlen Johnson
Department(s): Department of Molecular Biosciences

Ribosomes are molecular machines that decode the cell’s genetic information and translate it into protein.
Each ribosome is composed of a small subunit (40S) and a large subunit (60S) that are assembled from RNA
and proteins. The Small Subunit (SSU) Processome is an early precursor of the small ribosomal subunit, with
many assembly factors involved to support its biogenesis. The SSU Processome undergoes several dynamic
changes in order to mature to its next phase, the pre-40S. However, the process of how biogenesis factors
regulate and drive maturation is not fully understood yet. Previous literature suggests that the
methyltransferase Bud23 plays a role in facilitating the maturation of the SSU Processome. In order to
understand the function of Bud23, a large-scale genetic screen was conducted to identify suppressors of
bud23 deletion. These suppressors helped establish a genetic network of factors associated with Bud23 that
facilitate maturation. This network was then mapped to a resolved structure of the SSU Processome. The
results suggest a model that explains how the binding of Bud23 to the 18S rRNA inside the SSU Processome
facilitates the release of different factors and consequently drive the maturation process forward. Dhrl, a
helicase involved in this network, was observed to be a hotspot for mutations. Dhrl is known to unwind the
U3 small nucleolar RNA and consequently drive maturation of the SSU Processome. The ATPase activity of
Dhrl containing suppressing mutants was assayed to understand how they bypass the deletion of bud23.
Dhrl and a variant of the enzyme with the N-terminal truncated were also assayed for ATPase activity in the
presence and absence of the cofactor Utp14. This provided insight into the mechanism of action of Dhrl and
how it unwinds U3 snoRNA to drive SSU Processome maturation forward.
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Anti-CIAP aptamer utilized in enzyme-linked aptamer assay
(ELAA) to develop a multiple sclerosis diagnostic

Presenter(s): Hailey Ferrell
Collaborator(s): Gwendolyn Stovall
Department(s): Molecular Biology

Multiple Sclerosis (MS) is a neurodegenerative disease affecting over 2.5 million people worldwide
(Raphael, Webb, Stuve, Haskins, & Forsthuber, 2015). MS is characterized by inflammation of the central
nervous system making communication from the brain to the rest of the body increasingly harder as M'S
progresses (Raphael et al., 2015). Currently, a diagnostic test for MS does not exist which leads to
misdiagnosis of the disease and creates an unnecessary delay for patients to receive treatment. Since there is
no cure for Multiple Sclerosis, early detection is essential for prompt treatment to improve the quality of life
for the affected patients. However, current research suggests the production of mRNA strand IL7R is a
potential biomarker for MS (Raphael et al., 2015). A diagnostic tool can be created utilizing the reporter
molecule Calf Intestinal Alkaline Phosphatase (CIAP), and its inhibitory aptamer to detect the
overproduction of IL7R, thus determining the presence of the disease. An aptamer is a sequence of
oligonucleotides with a high binding affinity to a target. Aptamers have many uses in therapeutics,
diagnostics, and drug delivery and are a more cost-efficient way to detect diseases as opposed to their
counterparts, antibodies (Jayasena, 1999). This research will utilize bead-based and filter-based in vitro
aptamer selection via the SELEX method to obtain an aptamer inhibitory to the reporter molecule, CIAP.
The SELEX method is a cyclical process which involves binding RNA to a target, collecting the bound
species, amplifying those sequences, then purifying the RNA to create a new pool specific to the target
which will start the next round. The anti-CIAP aptamer obtained through the SELEX method will then be
modified to contain a strand of RNA complimentary to IL7R, a potential biomarker for Multiple Sclerosis.
An Enzyme-Linked Aptamer Assay (ELAA) will be created utilizing CIAP, and its modified inhibitory
aptamer, to detect the abnormal presence of IL7R in patients affected by Multiple Sclerosis. Rounds 1-5 of
aptamer selection against CIAP have been completed as well as sequencing. Binding assays are currently
underway to determine the binding affinity of the potential aptamer to CIAP.
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Broad host range - CP25 sequences

Presenter(s): Deanna Mendoza and Jorge Bustamante
Collaborator(s): Mishler; Michelle Chang; Judy Xu; and Alexis Zacarias
Department(s): Freshman Research Initiative Microbe Hackers Stream

The primary goal of the Broad Host Range kit is to simplify the engineering of non-model organisms to
expand the horizons of research beyond organisms such as yeast and E. coli. To do so, the kit is comprised of
a toolkit of various standardized part plasmids that contain different genetic devices. In the Fall semester of
2018, Judy Xu created five new CP-25 promoter sequences that are compatible with the BHR kit. Having
more knowledge on these sequences would broaden the scope of the BHR kit because it is different from the
typical promoters already in the kit. The primary goal of our research is to find what combination of genetic
devices- mainly focusing on promoters and RBS sequences like Judy’s CP-25 sequences- work best in order
to produce high levels of expression. Additionally, we want the expression to produce low metabolic burden.
Knowing the evolutionary stability of these reporter genes allow us to understand which parts work best
together. Overall, expanding our kit can simplify the genomic engineering of non-model organisms and
allows researchers to focus on other deeper aspects of research.
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The Effect of CCR4 on Thymic Migration and Negative
Selection

Presenter(s): John Moore
Collaborator(s): Yu Li, Akash Ramanathan, and Lauren I. R. Ehrlich Ph.D.
Department(s): Department of Molecular Biosciences, Neural and Molecular Science BLDG (NMS)

T cells play an important role in adaptive immunity by mediating specific immune responses to a variety of
foreign antigens; however, T cells also have the deleterious potential to recognize self antigens causing
autoimmunity. To prevent this, T cells undergo negative selection, which induces apoptosis of autoreactive
thymocytes in the thymus, with the help of GPCR’s called chemokine receptors. For example, CCR7 must
be present for developing thymocytes to enter the thymic medulla and undergo effective negative selection.
Previous research in the Ehrlich Lab has shown that CCR4 also affects negative selection and early thymic
medullary entry prior to CCR7 upregulation. To further investigate this, we have analyzed time-lapse
two-photon microscopy videos of early thymocytes on live thymic slices. Though COVID-19 has hampered
data collection, early results suggest that the track mean speed of CCR4+/+ double positive thymocytes was
greater than CCR4-/- double positive thymocytes, supporting further that CCR4 has an independent role to
play in thymocyte selection and development.
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Discovering potential roles for PIPSK11 in the development
of the TTG2 - dependent epidermal cell fates

Presenter(s): Rebeca Moreno Villarreal
Collaborator(s): Antonio Gonzalez
Department(s): Molecular Biosciences

Transparent Testa Glabra2 (TTG?2) is a transcription factor that regulates developmental processes such as
trichome development and the differentiation of cells of the outer seed coat layer. This pathway consists of
many genes, but this project will focus on PIP5K11 from the PIPSK family which encodes for phospholipid
kinases. The role of this gene in the pathway will be studied by creating two gene overexpression constructs
and a promoter-reporter gene fusion using cloning techniques. These constructs will be used to create a
transgenic line of the plant model organism, Arabidopsis thaliana. The results of the mutant Arabidopsis
plant may potentially demonstrate the function of PIP5K11 and further let us understand the TTG2-
dependent epidermal cell fate mechanisms. Understanding the function of different genes in this model
organism is vital for the comprehension of developmental pathways and further research on plants and their
contribution to human needs such as agriculture and medicine.
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Cellular reagents: replacement of pure enzymes in education
and research

Presenter(s): Vylan Nguyen
Collaborator(s): Andrew Ellington
Department(s): Department of Integrative Biology

Cellular reagents are dried out cells that contain molecular machinery, such as DNA polymerase, and can be
used to carry out various molecular biology reactions with results comparable to reactions using purified
enzymes. They also have significantly lower cost of production and storage than enzymes; this should make
for an easy to use educational kit that can be utilized by schools with limited budgets and resources. This
study aims to make an educational kit that replaces enzymes with such reagents for facilitated teaching of
numerous diagnostic methods, including polymerase chain reactions (PCR) and lateral flow assays.
Experiments have shown an increased rate of production and effectiveness of the reagents by refining the
protocol of production and use; the utilization of paper reagents and replacement of lyophilization with
desiccation allow for easier handling by both students and researchers.



Undergraduate Research Forum 2020 - Schedule of Presenters

143

Survey of the gut communities of native central Texas
pollinators

Presenter(s): Hannah McChesney and Ally Norton
Collaborator(s): Jo-anne Holley
Department(s): Department of Molecular Biosciences

If we take a representative survey of the microbial community of native bees and wasps, then we will find
some core similarities and differences among the species regarding what their microbiome consists of, and to
what extent the amounts of microbes vary among the order Hymenoptera.
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The effects of protein kinase C epsilon inhibitors on
morphine addiction

Presenter(s): Sofia Piperno
Collaborator(s): Michela Marinelli
Department(s): Department of Neuroscience; Dell Medical School

More than 130 people in the United States die after overdosing on opioids every day. Several factors are
responsible for maintaining opioid addiction. A prominent factor is the negative affective state produced by
opioid withdrawal. The Messing lab, from the University of Texas at Austin, developed small molecule
inhibitors of the Protein kinase C epsilon (PKC?) subtype of the enzyme (Compound 1.0), which have
promising effects for the treatment of the negative affective state induced by opioid withdrawal. A fixed
ratio of reinforcement was first used for a set amount of days in order to get the rat addicted to morphine. A
vehicle (n=12) or Compound 1.0 (40 mg/kg, n=12) was then administered followed by naloxone. To test
motivation, morphine was then self-administered using a progressive ratio of reinforcement. The “breaking
point”, which is the ratio at which rats stop responding for morphine, was found. After having established a
baseline breaking point, the “breaking point” in rats pretreated with Compound 1.0 versus rats pretreated
with vehicle were compared. It is predicted that rats pretreated with Compound 1.0 will show less motivation
to self-administer morphine (i.e. lower breaking points), as compared with rats pretreated with vehicle.
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Surveying for a novel Dezidougou-like virus in Central
Texas bees

Presenter(s): Micaela Polasek, Usman Hussain
Collaborator(s): Emily Mitchell, Jo-Anne Holley, Nancy Moran

Department of Integrative Biology; FRI Bugs in Bugs Stream; Brackenridge Field

Department(s): Laboratory

Pollinator species worldwide are in decline, raising concerns on the implications this has on agriculture and
the environment. Much of the research being conducted on bee population declines focuses on Colony
Collapse Disorder and its effects on honey bees, not the individual pathogens that contribute to population
declines or how they affect native bees. Single-stranded RNA viruses affect both honey bees and native bees.
RNA viruses replicate and evolve quickly and efficiently, allowing host-jumping to occur. This leads to the
rapid spread of the viruses throughout populations. The research objective of this study was to determine if a
novel Dezidougou-like RNA virus, recently discovered in Colorado and New Jersey, is present in native
Texas bee species. Due to the host-jumping ability of RNA viruses and the presence of this novel virus in
other states, it was predicted that the novel Dezidougou-like virus would be present in a variety of native
Texas bee species and would have a widespread host range. 81 eusocial and solitary bees of varying genera
were collected from central Texas. Total mRNA was extracted and the RNA purity was assessed. The
Quantabio cDNA synthesis kit was used to convert total mRNA into cDNA. Research is ongoing. However,
once the mRNA is converted to cDNA, RT-PCR will be performed, purity will be assessed, and the samples
will be sent for Sanger sequencing. The sequences will then be entered into NCBI BLAST to ensure the
correct virus was amplified. Determination of novel virus presence in Central Texas bees will be based on
the results of the NCBI BLAST, providing an understanding of the extent of this virus in Central Texas bees.
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Role of ligand avidity in CCR4-directed negative selection

Presenter(s): Akash Ramanathan
Collaborator(s): Yu Li, Rebecca Wilen, Yutong Liu, Jennifer Maynard, Lauren Ehrlich
Department(s): Department of Molecular Biology

Autoimmune diseases occur when immune cells begin to attack host cells rather than foreign pathogens in
the body. These autoreactive immune cells can arise from bypassing the negative selection stage during
development. Negative selection is vital to prevent autoimmunity as it deletes these self-reactive immune
cells. CCR4 has been found to be an important receptor in directing immune cells towards the medulla of the
thymus, where negative selection occurs. Previous research hypothesized that CCR4 is responsible for
negative selection against self-ligands at low avidity. The role of CCR4 in negative selection against
low-avidity ligands will be explored using transgenic T cells expressing an OT-II T cell receptor (TCR). The
T cells will be stimulated by binding to a peptide ligand from the ovalbumin protein (OVA) that is being
presented on Major Histocompatibility Complex (MHC) molecules by antigen presenting cells. We will
modify the OVA ligand to control the avidity of the ligand towards OT-II TCR and alter stimulation of the T
cells. A B cell hybridoma will be used as the antigen presenting cell and present these altered OVA ligands
to the TCR. The level of T cell stimulation induced by these altered peptide ligands will be evaluated by
measuring the proliferation of T cells. Stronger stimulation will lead to greater proliferation of these T cells.
The altered peptide ligands will then be cultured onto thymic slices and used to measure how varying ligand
avidity impacts the negative selection efficiency of wild-type and Ccr4-/- T cells. We will then analyze the
number of viable T cells remaining after 24 and 48 hours. We hypothesize that without CCR4, lower avidity
peptides will allow T cells to bypass negative selection and survive, generating potentially autoreactive T
cells.
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Understanding the role of RNA-DNA hybrids in DNA
damage and repair

Presenter(s): Samantha Refvik
Collaborator(s): Tanya Paull
Department(s): Department of Molecular Biosciences

Transcription of RNA from template DNA is necessary for carrying out genetic information, but recent
evidence has suggested this essential process can result in DNA damage. R-loops are structures that form
co-transcriptionally when the nascent RNA strand reanneals to its template DNA, forming an RNA-DNA
hybrid and displacing the nontemplate DNA strand. These structures have been implicated in processes such
as immunoglobulin class switching and regulation of gene expression, but have also been linked to genetic
instability and DNA damage that can give rise to conditions such as neurodegeneration and cancer. Depletion
of the DNA repair protein CtIP, which functions in homologous recombination repair of DNA double-strand
breaks, or XPG, which functions primarily in nucleotide excision repair, results in the accumulation of
R-loops and single or double strand DNA breaks. This finding led to the hypothesis that both proteins, which
are DNA endonucleases, could function in cutting R-loops to promote their removal. Surprisingly, however,
the co-depletion of both CtIP and XPG does not result in R-loop accumulation. Further, evidence also
suggests RNA-DNA hybrid formation is important in the process of DNA repair itself, so elevated R-loops
could also be indicative of DNA repair intermediates. To begin to understand the role of CtIP, XPG, and
RNA-DNA hybrids in DNA damage and repair, we purified CtIP and XPG, and developed methods to create
R-loop structures in vitro. Using these substrates, we have started to explore how CtIP and XPG process
R-loops. Further, we are developing a sensor for R-loop in cells, so that we can get a rapid readout of R-loop
levels. These tools are beginning to shed light on how proteins, such as CtIP and XPG, interact with R-loops,
and can be extended to study other R-loop interacting proteins to understand the role these structures play in
DNA damage and repair.
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Potential aptamer against calf intestinal alkaline phosphatase
(CIAP) to create an improved therapeutic for ulcerative
colitis as an alternative to traditional medications.

Presenter(s): Kajal Singhal
Collaborator(s): Kajal Singhal, Gwendolyn Stovall
Department(s): Department of Molecular Biosciences; Freshman Research Initiative Aptamer Stream

Ulcerative colitis is a chronic disease that causes colon inflammation and is currently affecting
approximately 900,000 Americans. The cause is unknown, however, there is evidence linking it to
lipopolysaccharides (LPS) which are detoxified by intestinal alkaline phosphatase (IAP). It is incurable, and
current treatment includes aminosalicylates. However, these have side effects like headaches, nausea, and
gastrointestinal pain. Lack of medications with dissimilar side effects for ulcerative colitis, however, can be
solved through aptamer utilization. Aptamers are single-stranded nucleic acids that have high binding
affinities for specific targets. One benefit of aptamer technology is their target specificity. This facet allows
an aptamer for calf intestinal alkaline phosphatase (CIAP), whose role is to ultimately maintain gut
homeostasis, to function as a safer therapeutic compared to aminosalicylate medication. An enteric-coated
pill will consist of CIAP target, an anti-CIAP aptamer and an anti-LPS aptamer. Once the pill reaches the
intestines, the anti-LPS aptamer will bind to LPS and then the anti-CIAP aptamer will release CIAP. CIAP
will execute its role in the dephosphorylation of LPS to reduce inflammation associated with ulcerative
colitis. To accomplish this goal, multiple rounds of in vitro bead-based aptamer selection will be performed
utilizing the SELEX method, which comprises of selection, amplification, and purification. The process
begins with a diverse pool of nucleic acids and washing away unbound species from bound ones. The
SELEX method allows for the tightest-binding aptamer to remain. Round two of aptamer selection against
CIAP is in progress. Multiple rounds will be executed in order to determine an efficient inhibitory aptamer
against CIAP, and this aptamer will be constituted in the therapeutic pill for ulcerative colitis.



Undergraduate Research Forum 2020 - Schedule of Presenters

152

Deciphering the role of G-patch domain containing proteins
in mammalian splicing

Presenter(s): Albert Son, Thanh Diep, Fatimah Sunez and Mahad Rehman
Collaborator(s): Albert MacKrell
Department(s): Department of Molecular Biosciences

The G-patch domain is a glycine-rich domain involved in protein-protein and protein-nucleic acid
interactions. Proteins with this domain are involved in regulating the function of two RNA helicases, Prp2
and Prp43. Particularly, this domain has been shown to promote the enzymatic function of these helicases,
but its exact function is unknown. In this study, we investigated the function of proteins with G-patch
domains and their associations with other proteins. In order to do this, we attempted to create an expression
vector capable of expressing the Myc-tagged form of various G-patch containing proteins in mammalian
cells. We found that successful ligation allowed us to correctly clone the protein cDNA into pBNG to form
an expression vector, where a mutation can also be introduced. Our data provides extensive information
about proteins with G-patch domains that can be used in future research to identify their function and
understand their various protein-protein interactions.
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Expanding molecular diagnostics adoption through the
design of low-cost, open source instruments for reactions
and visualization.

Presenter(s): Jose Torres
Collaborator(s): Vylan Nguyen and Sanchita Bhadra
Department(s): Department of Integrative Biology

As the globalization of infectious diseases increases, so does the need for simple, low-cost diagnostics to
detect the spread of these diseases. New diagnostics methods have been facing issues pertaining to the
adoption of new molecular techniques requiring expensive equipment to execute and analyze reactions. This
limits the adoption of fast, accurate diagnostics in areas around the world with limited access to lab
equipment. To combat this, we designed and tested low-cost, open-source equipment to perform and analyze
loop-mediated isothermal amplification (LAMP) reactions. Utilizing the isothermal advantage of LAMP
reactions, a modular temperature regulating system was developed using items which are easily sourced
online. To analyze the results of a LAMP reaction, a 3D printable visualization box was attached to a widely
available powersource and simple lighting circuit to visualize the fluorescence of said reaction. The current
results of these developments show the efficacy of these designs and their functionality. The most recent
iteration of the 12-volt modular reactions system is able to maintain the temperature (600C) needed to
successfully perform a LAMP reaction of positive and negative controls in a ceramic coffee mug as a low
cost ($25). This design allows for expansion in the number of heating elements and the ability to manipulate
the holding temperature at which the reaction is run. The visualization box was able to distinguish between
positive and negative controls utilizing blue LEDs while maintaining a low-cost ($8) and flexibility in power
sources (USB or 12V). These early designs show promise towards the idea that low-cost and low-resource
diagnostic ecosystems could be developed to meet the medical needs of resource-limited areas.
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Anti-HRP aptamer, horseradish peroxidase, and hydrogen
peroxide utilized in MDI cystic fibrosis treatment for
relieving mucus strain in the lungs

Presenter(s): Danielle Trejo
Collaborator(s): Gwendolyn Stovall, Hailey Farell, Andrew Ellington
Department(s): Department of Molecular Biosciences; FRI Aptamer Stream

Cystic Fibrosis is a rare genetic disease that primarily affects the lungs. It’s characterized by the build-up of
mucus that predominates in the lungs due to an unbalance of chloride and sodium ions. Over time the
bronchia of the lungs clog, retain bacteria and cause sensitivity to common illnesses, as well as, eventually
cutting airways off. There is currently no cure and only few intense and invasive treatments are in practice,
such as, using a chest vibrator. Although, it has proven to be effective it is still shown that these respiratory
treatments are labor-intensive and time-consuming. By utilizing aptamer research, a therapeutic treatment
containing a protein target, horseradish peroxidase (HRP), an anti-HRP aptamer, a short oligonucleotide with
a high affinity to bind and inhibit HRP, and hydrogen peroxide is currently being developed to reduce the
burdens found in current treatments. Therefore, by introducing this anti-HRP aptamer hydrogen peroxide
complex into the body by an aerosol treatment it could relieve the mucus strain in the lungs. The two
components work well as a duo due to hydrogen peroxide’s ability to breakdown mucus and horseradish
peroxidase’s ability to break down hydrogen peroxide. Bead-based rounds of selection using the Systematic
Evolution of ligands by Exponential Enrichment method (SELEX) are utilized to select an aptamer that has a
high affinity to bind to and inhibit HRP. The discovery of the anti-HRP aptamer would be used as a cheaper
and easier therapeutic for the growing cystic fibrosis community. The project is currently in round 4 and has
consistently increased in stringency of the RNA pool. Round 5 is underway and will be sequenced to identify
potential aptamers through motifs. If an aptamer is discovered and tested to inhibit HRP the development of
the treatment will begin.
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Direct inhibition of superoxide dismutase I via aptamer in
Caenorhabditis elegans to identify toxins produced in
familial amyotrophic lateral sclerosis

Presenter(s): Mercedes Valdez
Collaborator(s): Gwen Stovall
Department(s): Department of Biochemistry; FRI Aptamer Stream

Familial Amyotrophic Lateral Sclerosis (ALS) is a very rare nervous system disease that causes degeneration
of nerves in the brain and spinal cord that control muscle movement. This degeneration of the nerve cells
eventually cuts off control to muscles completely so they lose nourishment and subsequently weaken and
waste away, resulting in paralysis. There is no cure for Familial ALS largely due to the lack of conclusive
research. Superoxide Dismutase I (SODI) is the enzyme in question in familial ALS patients. Like those
unaffected, those affected with familial ALS have functioning SODI enzymes. However, they also have a
mutated form of this enzyme, whose function is unknown. With the function of the mutated form being
unknown, it is impossible to know the cause of the disease or how to go about treating it. In order to find a
cure for Familial ALS, SODI can be used. Since the cause of this disease is not entirely known, an inhibitory
molecule to SODI could prove useful in determining toxins produced by the mutated form of this enzyme
present in ALS patients by testing on Caenorhabditis elegans (C. elegans). C. elegans will be utilized due to
their ability to be easily mutated and their complex nervous system that allows for the study of the growth
and deterioration of the neurons. The identification of these toxins will provide the pathway to developing a
cure by providing the data necessary to produce a medication that will break down said toxins in humans.
The most efficient inhibition method of the SODI enzyme is via aptamers. The relative low cost of and
stability of aptamers are the two characteristics that make it more useful than the traditional method of using
antibodies. The use of antibodies would also call for the use of more materials as antibodies are not stable in
varying environments. In this scenario, an aptamer, or an oligonucleotide that has a high binding affinity to
SODI, would be discovered through several rounds of selection (SELEX). The SELEX method includes
introducing a random pool of RNA to a target. Subsequent washes are performed to wash away any poorly
bound RNA. The RNA is reverse transcribed into DNA to allow for amplification. The DNA is transcribed
back into RNA to allow for purification. At the end of a round, the RNA is more enriched than the starting
material. Currently, this project is in round five of selection. Sequencing is being performed in order to
determine if any repeating RNA sequences, called motifs, are present which will indicate if a selection has
occurred.
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Neuron morphology in the Scnlb knockout mouse model of
dravet syndrome

Presenter(s): Alisha Ahmed
Collaborator(s): MacKenzie A. Howard and Jessica Hotard Chancey
Department(s): Department of Neuroscience and Center for Learning and Memory

Dravet syndrome is a genetic epilepsy that causes prolonged seizures, gait abnormalities, and developmental
regression. Mutations in the SCN1B gene, which encodes the ion channel auxiliary subunit ?1, have been
linked to Dravet syndrome. Loss of ?1 can lead to dysregulation of both physiological properties and
synaptic signaling in one of the primary neuron types responsible for learning and memory: hippocampal
pyramidal neurons. ?1 also plays a role in neuron growth and development, suggesting that changes in neuron
morphology may occur but are not fully understood in this model. Interestingly, neurons can become
pathologically hyperactive due to changes in physiological properties, synaptic signaling, and/or their
complex structure. While preliminary examinations of neuron physiology and structure have been made in
disparate brain regions, no one has yet correlated the physiological and morphological changes occurring
within single neurons to try to understand how these changes might interact to produce the neural
dysfunction and complex symptoms underlying Dravet syndrome. My study investigates how loss of ?1 may
alter neuronal morphology in hippocampal pyramidal neurons, in which we have also recorded physiological
properties. Given that this is an ongoing project, I hypothesize that ?1 deficient neurons will exhibit
differences in morphology compared to wild-type CA1 pyramidal neurons. To test this hypothesis, I used an
Scnlb knockout mouse model of Dravet syndrome, with wild-type controls at ages p15-p20. To measure the
complexity of neuronal morphology, I quantified dendritic arborization. Preliminary data has shown that
there may be a difference in dendritic arborization at different distances from the neuron cell body in
knockout neurons compared to wild-type neurons. Overall, this research will shed light on the relationship
between structure and function in neurons that will ultimately reveal the workings of learning and memory in
the context of a disease model.



Undergraduate Research Forum 2020 - Schedule of Presenters

158

Now you see it, now you don't: sensory transcriptomes
across variable environments

Presenter(s): Asha Gomez, Xueling Wang

Mariana Rodriguez Santiago, Johann Hofmann, Murielle Alund, Janette W. Boughman,

Collaborator(s): Rebecca Young

Department(s): Department of Neuroscience, Department of Integrative Biology

As climate change irreversibly alters environments at an increasing rate, organisms need to continuously
respond to novel ecological challenges to survive. For example, temperature, visibility, predators, food
supply, and other conditions can vary across environments and over time. Some species, such as the
three-spined stickleback fish (Gasterosteus aculeatus), have been shown to rapidly adapt to a variety of
environmental conditions, including salinity, turbidity, and nutrient content of the water. One way
sticklebacks could effectively respond to these differences is through phenotypic plasticity, defined as two or
more phenotypes that can be expressed from a single genotype in response to environmental stimuli. The
stickleback’s ability to respond to numerous predator threats and conditions allows small populations to
survive and colonize in new environments. We examine 166 stickleback samples in 8 distinct populations
from marine, lowland spring-fed, highland spring-fed, and highland glacial waters in Iceland. Lowland spring
and highland spring waters are clear and low in nutrients; marine environments are clear to turbid and high in
nutrients; glacial waters are very turbid and nutrient-rich. Interestingly, fish from turbid glacial waters are
slower to react and more likely to stay active after exposure to the predator stimuli compared to fish from
spring-fed clear waters. To examine the neural mechanisms underlying these differences, we compared the
transcriptomes of three brain regions involved in the processing of olfactory, visual, or mechanosensory
information: the olfactory bulb (OB), the optic tectum (OT), and the torus semicircularis (TS), respectively.
Using various advanced bioinformatics and statistical approaches, we identified gene expression differences
across populations and water turbidities as well as gene co-expression modules associated with variation in
predator avoidance behavior. Taken together, our results demonstrate how variation in ecology is reflected in
transcriptomic changes in the brain.



Undergraduate Research Forum 2020 - Schedule of Presenters

159

Prefrontal thalamocortical networks 1n social behavior

Presenter(s): Catherine Haberl
Collaborator(s): Audrey Brumback, Fantao Meng and Alexandra Alario
Department(s): Department of Neuroscience

Autism Spectrum disorder is widely known for its characterization of abnormal social cognition in humans.
Studies specific to ASD have shown abnormal activity in networks propagating from the medial prefrontal
cortex (mPFC), an area found to be responsible for regulation of social behavior in neurodevelopmental
research. Following implementation of exome- and genome- wide sequencing, studies have pointed more
specifically to layer 5/6 (midfetal) prefrontal cortical projection neurons as a point of convergence of a set of
probable ASD (pASD) genes. As part of the infrastructure of deep layer mPFC neurons, dopamine 2+
receptors (Drd2+) have been found preferentially expressed in layer 5 subcortically projecting (SC) neurons.
The main postsynaptic targets of these layer 5/6 neurons reside in the mediodorsal thalamus (MD), which has
arole in processing and integrating information for cognitive functioning. Our study aims to further explore,
using D2-Cre mice to examine Drd2+ labeled neurons, how these deep-layer prefrontal projection neurons
contribute to abnormal physiology and behavior via MD circuitry in both valproic acid (VPA) and fragile X
mouse models of autism. Our characterization of social behavior in the VPA and fragile X mouse models is
constructed from analysis both without and during optogenetic excitation and inhibition of the mPFC? MD
subcortical projection neuron terminals. Analysis includes scoring several tasks covering general motor
activity, anxiety, learning capacity, interest in novelty, changes in olfaction, and our main target: social
exploration. Currently, our work has shown that optogenetic manipulation of the mPFC?MD projections is
sufficient to modulate social interactions in wild-type and VPA model mice. Within the VPA model, we have
seen enhancement of social behavior via activation of mPFC?MD circuitry and suppression of social
behavior via inhibition. We conclude inhibition of mPFC?MD terminals to be sufficient for reversal of the
decreased social sniffing attributed to the VPA mouse model of autism. Our work with Fmrl KO mice has
demonstrated social exploration differences, and modulation to these differences with inhibition of
mPFC?MD circuitry. Overall, we hope to continue dissection of the specific circuitry involved in social
exploration mediation, and interpretation of potential implications to acute cellular changes in structure and
functioning and more general social behavior in both these models.
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A rodent model of alcohol withdrawal in ethanol-dependent
rats using ethanol vapor exposure

Presenter(s): Raquel Kosted
Collaborator(s): Rueben A. Gonzales, M. Catalina Cervantes
Department(s): Department of Neuroscience; College of Pharmacy

This research aims to verify that the ethanol vapor exposure model utilized for the experiment was successful
in inducing alcohol dependence, as well as identify behavioral signs of withdrawal in Long Evan rats. The
experimental approach for this research consists of exposing rats to ethanol vapor for a 14 hour period over a
time span of 10 consecutive days. During the ethanol vapor on period, fresh air and ethanol are pumped at
variable rates at a combined 10 liters per minute. Every day at the end of the ethanol exposure period, each
rat’s intoxication level is monitored using a specified scale. On the last day of exposure, each rat is observed
at the 4-hour and 8-hour time marks after ethanol exposure is ended for behavioral signs of ethanol
withdrawal. This research is significant because it is relevant to the development of Alcohol Use Disorder.
This is a chronic, relapsing disorder that affects millions of people each year. The numerous harmful effects
of Alcohol Use Disorder along with its high prevalence have pushed the need for alcohol related research.
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Transcriptomic signatures for mood disorders within
anterior insula cortex and anterior cingulate cortex

Presenter(s): Zo-Ann Lee and Ericka Salas
Collaborator(s): Dhivya Arasappan, Roman Kuhn, Benjamin Goetz and Mbemba Jabbi

Department of Computer Science; Center for Computational Biology and Bioinformatics;

Department(s): Big Data in Biology FRI stream

Mood disorders such as bipolar disorder (BD) and major depression disorder (MDD) have a lifetime
prevalence of ~20% and accounts for the highest share of morbidity and disability. However, our
understanding of the transcriptomic changes in the brain in relationship to these disorders is limited. Using a
large-scale postmortem RNA-Seq dataset on two brain regions known to regulate mood functions, we
identified transcriptomic markers related to mood disorder diagnoses. Our RNA-Seq dataset was generated
from the anterior insula cortex (AIC) and anterior cingulate cortex (ACC) brain regions and consisted of 298
samples, 72 of which were sampled in both brain regions. Samples had a lifetime diagnosis of BD (n=75),
MDD (n=84), as well as a non-mood disorder schizophrenia sample (n=46) and unaffected controls (n=93).
Differential gene expression analysis was performed on AIC and ACC brain region dataset to identify
marker genes for each diagnostic condition and the corresponding biological pathways. Weighted gene
co-expression network analysis (WGCNA) was explored within each brain regional dataset to identify
groups of co-expressed genes. We found that the neuroimmune system to be the most dysregulated in mood
disorders across brain regions. Cell communication receptor pathways, which contribute to immune response
functions, were observed to be dysregulated in mood disorders. These results show that brain abnormalities in
basic immune and cellular machinery dysfunctions may underlie mood disorder symptoms. Discoveries in
genetic etiology for these psychiatric disorders could be significant due to the high number of misdiagnoses
that have been a result from dealing with these idiopathic psychiatric disorders which could lead to an
improvement in treatments.
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Do unbalanced synapses lead to cognitive decline in the
aged brain?

Presenter(s): Vivek Mathesh, Mireya Mota, Julian Falco and Tommy Liu
Collaborator(s): Lyndsey Kirk
Department(s): Department of Neuroscience, Center for Learning and Memory

As individuals grow older, they are faced with increasing odds of experiencing age-associated cognitive
decline. With normative aging, cognitive changes are not associated with neuron loss; therefore, it has long
been hypothesized that these learning deficits are due to changes in synapse structure. We propose an
explanation for the cellular underpinnings of age-associated memory impairment through electron
microscopy (EM) and 3D reconstructions. The Morris Water Maze was used to test whether Long Evans rat
cohorts aged 25-26 months (the age at which cognitive impairment is measurable) showed learning
impairments compared to rats aged 3-6 months (young adult controls). In the water maze, rats were trained to
find a submerged platform in a tub filled with opaque water surrounded by 4 visual cues. During a 30-second
probe trial, the submerged platform was removed and measurements of rat location over time were taken to
ascertain learning in rats. Aged animals were categorized as either Aged Learning Impaired (Al) or Aged
Learning Unimpaired (AU) compared to young adult controls (YA). The brains were fixed and processed for
3DEM. Reconstructed dendrites and their synapses showed that Al animals had significantly increased
excitatory synapse surface area and decreased inhibitory input onto these same dendrites. However, while
the excitatory synapses of Al rats were larger, they had significantly less presynaptic vesicles to support
these synapses. These data indicate that the postsynaptic dendrites of Al rats are likely to be intrinsically
hyperexcitable compared to their counterparts in YA rats, but the presynaptic axons do not coincide with
postsynaptic enlargements.
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Dendritic spine morphology of hippocampal CA1 neurons
in a mouse model of Fragile X Syndrome

Presenter(s): Amtul-noor Rana, Sydney Fisher
Collaborator(s): Brager Darrin
Department(s): Department of Neuroscience

Fragile X Syndrome (FXS) is the most common, known, monogenic cause of autism and mental
impairments. This disorder results from the loss of Fragile X mental retardation protein (Fmrp) which is
necessary to maintain efficient neuronal development. A critical neuropathological abnormality seen in FXS
patients and mouse models, that is Fmrl knockout (KO) mice, are atypical dendritic spines in the brain.
However, the exact nature of their impairments has been an ongoing controversy for two decades. Fmrp is a
protein necessary for synaptic plasticity. Thus, it is plausible that the loss of Fmrp would result in
abnormalities in size, shape and density of synapses. Alterations in such characteristics can then influence
the level of neuronal function and connectivity, especially during developmentally-critical stages. Examining
the dendritic spine morphology in specific regions of the hippocampus, such as the CA1 subregion, will help
better define synaptic defects that are elicited by the lack of Fmrp. The methods for this proposal have been
iterated through a series of in-house labeling and imaging trials. The lipophilic membrane stain Dil will be
used to label CA1 neurons in-vivo. We intend to delineate significant differences of spine length and density
at the confocal level through Imagel analysis. From this, we expect to determine from this what difference in
spine density and maturity exists between WT and Fmrl KO mice, with potential significance as a molecular
factor leading to the hallmark behavioral deficits of FXS.
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Utilizing DeepLabCut to identify abnormal naturalistic
behaviors in a recently introduced rat model of Fragile X
syndrome

Presenter(s): Uzair Saleem
Collaborator(s): Juan Enrique Villacres, Nicholas Riveira, Sohmee Kim, Laura Colgin
Department(s): Department of Neuroscience

The purpose of my project is to explore whether a novel rat model of Fragile X Syndrome (FXS), Fragile X
mental retardation 1 (Fmrl) knockout rats, exhibits abnormal patterns of naturalistic behaviors. FXS is a
genetic condition that results in learning and cognitive defects in humans and the leading monogenic cause of
autism spectrum disorders. Some prior studies have been done to characterize the social behavior of Fmrl
knockout Sprague-Dawley rats. However, the Long Evans rat strain is preferred for most cognitive research
as its shown to have a greater potential variance in behavior caused by genetic disorders. Recently a new
FXS model using a Long Evans strain was introduced. We plan to use an open-source animal pose tracking
software package to record freely behaving Long Evan Fmr1 KO rats exploring spatial environments and
engaging in social interactions to characterize differences in naturalistic behaviors between Fmr1 knockout
rats and wildtype control rats. Based on results from other rodent models of Fragile X, we predict that Fmr1
knockout rats will be more hyperactive than wildtype rats. We also hypothesize that Fmrl rats will exhibit
impairments in social interactions. By utilizing DeepLabCut’s ability to thoroughly track various body parts,
we expect to detect behavioral phenotypes that have not been detected previously (e.g., more frequent head
rearing). By better understanding behavioral phenotypes in a rat model of FXS that is ideal for behavioral
studies, we hope to pave the way for future studies of FXS using rodent models.
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The role of temporal schema acquisition on inductive
inference task performance

Presenter(s): Priya Sarlashkar
Collaborator(s): Athula Pudhiyidath, Alison Preston

Center for Learning and Memory, Department of Neuroscience, University of Texas,

Department(s): |\ cin TX, USA

Despite the continuous nature of time, humans are able to recognize distinct events. The delineation of
distinct events is mediated by the temporal (time) properties of our experiences. Studies show that events
that occur close in time to each other are likely to be represented similarly in the hippocampus and the
medial prefrontal cortex. Conversely, events with differing temporal contexts have distinct representations.
The ability to parse events based on their temporal properties allows us to segment our experiences and
create a “temporal cognitive map”. This map helps guide learning and decision making in novel contexts.
This experiment seeks to understand whether we are able to rapidly assimilate new information into existing
temporal cognitive maps, and furthermore, whether successful parsing of events into a temporal map
facilitates subsequent learning. Participants were initially trained on temporal relationships between random
3D objects which were organized in three temporal communities. Participants were not explicitly told to pay
attention to which objects frequently appeared close in time to one another. The next day, novel objects were
introduced as a part of these three original communities. Participants were tested on their ability to correctly
associate objects of the same temporal community together. We’ll now compare participants’ ability to
correctly associate familiar objects (learned on day 1) of the same temporal group together, against their
ability to associate novel objects (learned on day 2) with other objects of the same temporal group. We
hypothesize that on average, participants who correctly associated familiar objects of the same temporal
group together have developed a temporal cognitive map. We believe this would help them learn the
temporal relationships between novel and familiar objects. Thus, we anticipate their accuracy to be high on
questions that ask them to associate novel objects with other objects of the same temporal group.
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Exploration of the Function of paralogous OncomiR clusters
in CCND1-driven mantle cell lymphoma and
MY CN-amplified neuroblastoma

Presenter(s): Mariya Raleigh
Collaborator(s): John Powers, Niharika Reddy, Erika Espinoza
Department(s): Dell Medical School, Department of Pediatrics

Mantle Cell Lymphoma (MCL) is a rare, aggressive type of Non-Hodgkin Lymphoma. The vast majority of
MCL cases occur due to a translocation between chromosome 11 and 14, t(11;14)(q13;q32). This leads to the
overexpression of CCND1, which commonly leads to cancer development. Similarly, high-risk
neuroblastoma is attributed to the overexpression of another gene, MYCN, which serves as a transcription
factor that typically promotes rapid cell division in immature nerve cells. Many different types of cancer
have an increased amount of micro-RNAs from the miR-17-92 cluster. These miRNAs modulate the activity
of target genes, such as CCND1 and MYCN, by binding to the 3’ untranslated regions (UTRs) of mRNA
sequences and therefore, modify cell cycle activity to promote oncogenesis. However, the oncogenic cluster
has two paralogs, miR-106a-363 and miR-106b-25, that have not been well studied. Prior research has
indicated that the expression of these clusters may have an additive effect in cancer development. Therefore,
studying how these miRNAs act on genes of interest may reveal important aspects of cancer-causing
mechanisms and lead to better treatment options. To investigate this, relative expression levels of these
miRNAs within various MCL and neuroblastoma cell lines were determined. In addition, a model cell line,
Ba/F3, was transfected with upregulation gene constructs for each of the three clusters of study to observe
their potential oncogenic effects. Preliminary results indicate that the MCL cell lines tested express higher
levels of all three miRNA clusters compared to the neuroblastoma cell lines. In addition, the Inc-miR-106bH
gene construct, meant to upregulate the miR-106a-363 cluster, led to the most prominent upregulation,
suggesting that miR-106a-363 cluster levels are normally expressed at low levels in the Ba/F3 cell line.
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Learning mixture model of rotation and translation
invariants on fourier-bessel steerable principal component
with an application in cryo-EM 2D classification and class
averaging

Presenter(s): Supawit Chockchowwat
Collaborator(s): Chandrajit L. Bajaj

Department of Computer Science; College of Natural Science Computational

Department(s): . .. . . . . .
p (s) Visualization Center; Oden Institute for Computational Engineering and Science

Cryogenic electron microscopy (Cryo-EM) is an electron microscopy technique to capture micrographs of
small particles in thin vitreous ice. Often, single particle analysis (SPA) is applied to construct a
high-resolution 3D particle model(s) from these Cryo-EM images. Its pipeline typically includes contrast
transfer function (CTF) correction, particle picking, 2D classification, 3D model reconstruction, and
refinements. As the main application of this work, 2D classification and alignment for averaging takes a
stack of picked images, each containing an individual particle, and classifies similar images up to planar
rotations and small translation into clusters. On top of the three degrees of freedom for alignment, the
classification is even more challenging as cryo-EM images possess extremely low signal-to-noise ratios and
other distortions, e.g. CTF, astigmatism, ice gradient. Our mixture modeling performs on the image
representation generated via Fourier-Bessel steerable principle analysis (FBSPCA) due to its recent fast
algorithm. Furthermore, such a basis is suitable for the task as it endows an inexpensive rotation operator as
well as stability under small translation. Our methods are derived from different interpretations of maximum
likelihood estimation (MLE) and expectation maximization (EM) simultaneously over the assignment and
transformation latent variables with respect to a normal noise distribution. Multiple benchmarks from
simulated datasets measure the performance of the proposed methods in comparisons with standard SPA
tools (EMAN2 and RELION) in terms of various clustering metrics. Three testing specimens with different
molecular symmetries are included per benchmark: horse liver alcohol dehydrogenase (EMD-0406, 70S),
archaeal 20S proteasome (EMD-5623, 20S), and beta-galactosidase (EMD-5995, Bgal). Beyond improved
empirical metrics that imply more accurate class averages, this work visualizes and provides geometric
insights on the relationship between imperfect alignment and resulting mixture distribution. Its flexibility
toward rotational invariants also offers potential applications on other datasets possessing periodic
coordinates, even with unequal frequencies.
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Using artificial intelligence to discover habitable
carth-analogue exoplanets

Presenter(s): Zoe de Beurs
Collaborator(s): Andrew Vanderburg, and Christopher J. Shallue
Department(s): Department of Astronomy

Since the detection of an exoplanet around a sun-like star in 1995, the radial velocity (RV) method has seen
tremendous improvements. Currently, we are limited in RV measurement precision due to noise from stellar
activity. Detecting earth-mass exoplanets requires mitigating this stellar activity noise caused by spots and
plagues. We are testing whether we can regress out this noise using machine learning techniques such as
convolutional neural networks. We created a Monte Carlo simulation of 20 000 random stellar activity
configurations using software that estimates stellar activity variations. First, we created a linear regression
model that successfully removes stellar activity in simulated data which demonstrates that the technique is
promising for real data. Currently, we are testing our method on spectra of our sun from the HARPS-N Solar
Telescope. We plan to test the efficacy of our linear model to remove stellar activity entirely. Eventually, we
will use this or more sophisticated methods (e.g. a convolutional neural network) for stars outside our solar
system. These advancements are necessary to detect habitable earth-mass exoplanets.
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Novel loop-mediated 1sothermal amplification via one-step
strand displacement diagnostic for rickettsial diseases

Presenter(s): Simren Lakhotia
Collaborator(s): Tim Riedel
Department(s): Freshman Research Initiative DIY Diagnostics stream

Rocky Mountain spotted fever (RMSF) can be a deadly tickborne illness if not treated early, with the
mortality rate increasing greatly if treatment is not administered within 5 days (CDC, 2017). RMSF is found
in very low traces in the blood, making it hard to diagnose. A short diagnostic window paired with
nonspecific symptoms, makes RMSF a good candidate for a developing DNA amplification process known
as loop mediated isothermal amplification through one-step strand displacement (LAMP-OSD). LAMP-OSD
amplifies DNA with high specificity, efficiency and rapidity under isothermal conditions by way of five
primers. The goal of this study is to replicate the work of Bruce Noden and amplify a sequence of the R.
rickettsii gene via LAMP-OSD. The difference is that we are using a florescence detection as opposed to
viewing our results via gel electrophoresis. This allows the results to be analyzed more quickly and with
simpler-to-access technology. Each assay is comprised of a specialized probe and a DNA sample. These were
incubated over the course of an hour and a half to allow for amplification. Each assay was recorded every
three minutes to keep track of the amplification. It was observed that the positive control of 104 copies/uL
began significant amplification around the 30-minute mark, whereas the negative control of Enterococcus at
104 copies/uL did not significantly amplify. We found that the positives amplified, without creating false
positives out of the negatives. There was a distinct difference in the level of fluorescence within our samples,
making this a rudimentary, functioning LAMP-OSD diagnostic.
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Identification of ZNF219 as a novel DNA damage response
factor in human cells

Presenter(s): Yu Qin
Collaborator(s): Kyle M. Miller
Department(s): Department of Molecular Biosciences

DNA damage response (DDR) pathways are vital for maintaining the fidelity of genetic information, which
1s critical for preserving cellular homeostasis and averting diseases including cancer. Double stranded breaks
are one of the most deleterious form of DNA damage and cells primarily utilize two main pathways for
repair, homologous recombination (HR) and nonhomologous end-joining (NHEJ). Zinc-finger (ZnF) domain
containing proteins represent 5% of human genes but their involvement in the DDR is poorly understood.
Using proteomic data from known DDR proteins, we identify ZNF219 as a putative DDR factor. ZNF219 is
a C2H2 domain ZnF protein that binds DNA and participates in transcriptional repression. ZNF219 has been
previously shown to interact with factors of the NuRD chromatin remodeling complex, a factor of DDR.
However, the functional role of ZNF219 in DDR has yet to be identified. We find that ZNF219 is recruited
to laser-induced DNA damage sites and this recruitment is dependent on ATM and PARP, two major
upstream players in the DDR. ZNF219 is phosphorylated by ATM upon damage and interacts upstream of
CHDA4, a critical NuRD subunit. We identified ZNF219 as part of the HR pathway, and is necessary for the
localization/upregulation of BRCAT1 to the damage site. Knockdown of ZNF219 promotes sensitivity to
irradiation and PARP inhibition, leading to increased cytotoxicity and genomic instability. Altogether, our
results suggest that ZNF219 functions in an ATM and PARP-dependent HR pathway upstream of NuRD to
promote DNA repair. We are currently working on the identification of important phosphorylation sites on
ZNF219 through site-directed mutagenesis and the mechanism by which ZNF219 interacts with BRCA1 in
the HR repair pathway.
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Suppression of defective motor patterns in parkinsonian C.
clegans

Presenter(s): Keerthana Chakka
Collaborator(s): Dawn Guzman, Katherine Perks and Jon Pierce
Department(s): Department of Biochemistry; Department of Neuroscience

Parkinson’s disease (PD) is a progressive neurodegenerative disorder that is caused partly by the loss of
dopamine producing neurons. Dopamine is a conserved neuromodulator that aids in the transition between
different motor patterns such as swimming, walking, or running. This can be observed across many species,
including mice, flies, and nematodes. The cat-2 mutant strain of the nematode C. elegans has a deletion in
the gene encoding tyrosine hydroxylase, an enzyme required to synthesize dopamine. Our lab recently
demonstrated that the cat-2 mutant shares aspects of PD patient dysfunction through its inability to transition
normally between the “swimming” and “crawling” patterns of motion. Currently, PD treatments focus on
boosting residual dopamine signaling and are not available to maintain motor function once dopamine
neurons completely degenerate. To search for ways to overcome motor dysfunction in the absence of
dopamine, we performed a forward genetic screen to identify mutations that suppress poor swim-to-crawl
motor transition in cat-2 mutant. We found several suppressor mutants that improve motor function. Further
characterization can identify molecular pathways that can be altered to improve motor function in the
absence of dopamine. This information could provide insight into repair of dopamine-deficient neural
circuitry in higher level animals and possible approaches to help late stage PD patients.
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ZGPAT Gene Expression

Presenter(s): Jason Mason
Collaborator(s): Scott W. Stevens and Albert MacKrell
Department(s): Department of Molecular Biosciences; Freshman Research Initiative

GPATCH proteins are known to interact with DEAH-box helicases that are involved in splicing processing
that are part of gene expression. ZGPAT is a GPATCH protein containing a zing finger and GPATCH
domain. The aim of this research is to determine what is the Human protein ZGPAT’s function within the
cell by determining what proteins and RNAs it associates with. To do this, Human ZGPAT cDNA was
amplified using RT-PCR and then cloned into a plasmid expression vector, pPBNG. A Myc affinity tag was
then fused to the sequences coding for the N-terminus of the ZGPAT protein. The next step is to transfect

the vector containing Myc-tagged ZGPAT into mammalian cells and verify expression of Myc-tagged
ZGPAT proteins using a Western Blot. Once expression of Myc-tagged ZGPAT proteins has been verified,
ZGPAT-expressing cells will be used to purify complexes containing ZGPAT. The proteins and RNAs found
in those complexes can be characterized in order to determine the function of ZGPAT.
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