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CFACS
Center for Wildlife Forensics and Conservation Studies

The UCO Center for Wildlife Forensics and Conservation Studies
(CFACS) is focused on issues of environmental conservation and
wildlife protection. The Center is a cooperative, multi-disciplinary
partnership between the W. Roger Webb Forensic Science
Institute (FSI) and the UCO College of Mathematics & Science.
CFACS members include faculty who represent a wide array of
expertise ranging from wildlife biology, ecology, genetics,
forensic science, criminal justice and other disciplines.

CFACS1-1
Evaluating the Expansion of Mediterranean Geckos (Hemidactylus turcicus) at the University of Central Oklahoma and its
Surrounding Area
Meryem Assaoui, Dr. Allyson Fenwick
The Mediterranean gecko (Hemidactylus turcius) is a small, nocturnal lizard that is native to the Middle East. The
Mediterranean gecko was introduced to the University of Central Oklahoma (UCO) between 1963-1965 and 1985-1997
and has not yet spread across all buildings on campus. The Mediterranean gecko is characterized by slow dispersal
which makes them a good candidate for studying invasions. Surveys were done from 2005-2010 and 2014-2020 that
indicate the spread of geckos from seven to thirty buildings on campus, as well as nine off-campus buildings in the
surrounding area. Seven additional buildings on campus and six off-campus buildings were examined but were
uninhabited. In 2020, we collected 50 tail tissue samples from four buildings. We genotyped 16 previously published
microsatellite loci. Using analyses such as STRUCTURE and ARLEQUIN we found low genetic diversity and genetic
differentiation of distant buildings from those near the original site of introduction (Howell Hall), consistent with previous
work at UCO. Genetic clustering analysis found three clusters best explained the data, which suggests buildings further
off campus are more genetically different than previous samples. As we continue this project, we are able to generate
detailed geographic and genetic data for a well-documented population of an exotic species as it continues to expand.
The research we are conducting brings up a variety of questions related to species invasions and how the geckos are
adapting to urban environments.

CFACS1-2
Linking Phenotype to Genotype: Standardizing Blotch Pattern Imaging Techniques for Smallmouth Bass (Micropterus
dolomieu) in Oklahoma
Britton Daniels, Dr. Andrew Taylor
Recent genetic evidence suggests there are three distinct lineages of Smallmouth Bass. These three lineages – Neosho,
Northern, and Ouachita – currently have various taxonomic designations. The Neosho and Northern were first described
as subspecies in 1940 but have not been revisited since. Meanwhile, there has been no formal taxonomic evaluation of
the Ouachita lineage. The purpose of this study was to contribute to the growing body of data needed to resolve the
taxonomic delimitation of these three lineages. To this end, the primary focus of this project is the standardization of
techniques to capture and analyze blotch patterning, which can then be compared statistically among individuals and
lineages. High quality images were captured in the field by the authors using previously established methods. Opensource image analysis software, ImageJ, and accompanying plug-in, PAT-GEOM, were used for editing and analysis.

CFACS1-3
Species-Specific Capture-Mark-Recapture Analysis of Individuals in a Small Mammal Community
Benjamin Jones, Dr. Sean Laverty
To enhance our study of ecology, the intersection between mathematics and biology becomes increasingly evident and
important. Mathematical analysis provides new insights to ecological data, while ecological context can help explain
those insights. Specifically, there is often a need for estimation of basic demographic parameters (e.g. birth and mortality
rates) for animals of multiple species. This detailed analysis increases our knowledge of the species under study and may
show how seasonality, climate change, or other ecological factors may affect their demographic parameters. One
method used to estimate various population parameters is Cormack-Jolly-Seber (CJS) modeling, which estimates
information about the life history of organisms from their trapping history. Though software for these models exists, we
chose to write our own programs to ensure a more customizable and transparent implementation. In this project, we
have written scripts in the language R to find CJS estimates of the demographic parameters for various species from a
small mammal community in South Texas, USA, recorded in a dataset that was donated by collaborators. Going forward,
we hope to use the results of this CJS model to parameterize mathematical models of ecological interactions between
species. By taking both of these approaches, we link differential equations-based population models to probability-based
models, which together provide more information about the community under study than either could alone.
CFACS1-4
Functional Analyses of 16S Microbial Communities on the Shells of the Common and Widespread Red-Eared Slider
Turtle (Trachemys scripta)
Kassandra Camua, Joseph Jeong, Dr. Matthew Parks
Microbial diversity associated with freshwater aquatic habitats and resident species plays an essential role in the
ecosystem and organismal health. It is critical to understand the functional roles of microbial communities to better
understand microbial-based ecosystem services, i.e., the metabolic roles of microbial communities in larger
ecosystems. Our previous work demonstrated consistently high taxonomic diversity in 16S (bacterial) communities
associated with shells of red-eared slider turtles (Trachemys scripta) collected at sites in Oklahoma and SE Iowa,
although diversity was lower on shells compared to submerged environmental substrates. We assessed metabolic
functions of sampled 16S turtle and environmental communities using the bioinformatic platforms qiime2 and iVikodak.
Our analyses support some overlap in metabolic roles of turtle shell and environment substrate microbial communities,
although shell-associated 16S communities generally featured less complex metabolic networks. Variability in microbial
function was greater in turtle vs. environmental samples. We recovered significantly differentiated functions for turtle
shell communities at a pond site adjacent to a small livestock operation, including for antibiotic synthesis genes. Our
general results likely reflect behavioral patterns of turtles (e.g., regular basking/drying periods, scute shedding) and are
consistent with patterns in taxonomic diversity. Local commercial activity may also impact microbial metabolic
functions, including possible health consequences regarding antibiotic metabolic activities. Our future work will focus
on increasing species diversity in turtle sampling and exploring 18S (eukaryotic) microbial metabolic diversity.

CFACS2-1
Spatial Ecology of Translocated Black Rat Snakes at the Oklahoma Zoo and Botanical Gardens,
Oklahoma City, Oklahoma.
Alan Jones, Dr. Vicki Jackson
Understanding movement and activity patterns are key to implementing relocation strategies for black rat snakes
(Pantherophis obsoletus) in areas where they are considered pests. By monitoring how translocated black rat snakes
move, management plans can be constructed to include spatial displacement options rather than euthanization.
Translocation may affect snake survival negatively, so we will compare home range and activity patterns in 3 groups of
snakes. These groups consist of 1.) snakes that were captured near aviaries and released at a different location, 2.) snakes
captured away from aviaries and released at a different location, and 3.) snakes captured away from aviaries and released
at the point of capture. Black rat snakes were captured around aviaries and other enclosures at the Oklahoma City Zoo
and were surgically implanted with a transmitter (R1100 series) by hospital zoo staff. Snakes were translocated 254.16 m
across a pond to an adjacent property from the zoo. Tracking occurred from June 1, 2020, to October 1, 2020. Snakes
were located twice a day for 72 hours after release, then every day for a week. Afterward, they were then tracked 3 times
a week until the end of the tracking season. After the field season ended, snakes were located at least once from
November to February to detect additional movements during hibernation. Locations were either recorded with GPS
Garmin 64x or triangulated using Location of a Signal (LOAS). After the 2021 field season, we will use these locations to
estimate activity patterns and calculate home ranges. To date, we have 709 locations for 5 snakes. Female snakes
tended to have larger movements and home ranges than did males. These data contrasted results found in similar
publications. It is unknown whether the late field season contributed to these movement patterns.

CFACS2-2
Estimating Occupancy of Coyotes (Canis Latrans) on Rangelands Using Camera Trap and Acoustic Data
Kenneth Shimer, Dr. Vicki Jackson
Acoustics offer a new form of detection that increases the detection range beyond that of traditional camera trapping.
We will use a combination of acoustic and camera trapping to model occupancy of two different patches of rangeland in
southcentral Oklahoma by coyotes (Canis latrans). The main objective of our study is to determine if acoustic data is
better than camera traps at detecting coyotes. We will consider the distance from roads, distance from water sources,
and vegetation type as covariates for occupancy. Other factors we will address are those that may affect the probability
of detection: weather, canopy cover, and proximity to man-made structures. The first step of this project is processing the
acoustics data and camera data. All recorded acoustic data will be analyzed using Kaleidoscope Pro, Raven Pro, R, and
Python programs and then will be check manually to determine how effective the programs are at detecting true
positives. We will then create detection histories for both acoustic data and camera traps and use PRESENCE to model
occupancy and detection. These processes will be repeated for each collection season to generate a multiple-season
approach. Once both seasons have been assessed the data will be compiled and multiple models will be generated. We
expect that out of the two collection methods the acoustic data will show a higher level of detections.

CFACS2-3
Assessing an Arcadia Lake Bottomland Forest Through Long-term Study of Overstory/Understory Relationships.
Evan Wheeler, Dr. Chad King
Bottomland forests are influenced by several factors ranging from flooding to herbivory. At Arcadia Lake in Oklahoma
County bottomland forests experience prolonged flooding due to inflow following precipitation events. Climate change
has altered precipitation patterns that have resulted in an increase in flooding events at Arcadia Lake over the past 15
years. This is likely contributing to a change in the forest composition. The goal of this project is to determine the
succession of a bottomland forest at Arcadia Lake. To quantify seedling populations, we established four permanent 7080 m transects oriented east to west. At 10 m intervals along transects, we established 1 m2 plots. Within the plots, we
identified seedlings to species and measured height (cm). A photograph was taken of each plot to catalog seedling
locations within the plot for long-term study of population changes. Overstory trees within 5 m of the transect were
identified to species and tagged. A total of 167 seedlings among eight species were identified. Six overstory species were
identified along transects. Green ash (0.242 stems/m2) and silver maple (0.1375 stems/m2) had the highest density of
seedlings while black willow dominated the overstory (412.8 trees/ ha). There were no black willow seedlings found. Our
preliminary results indicate a future shift in overstory composition based on differences between current overstory and
understory composition. This may be due to changes in flooding regimes, beaver and deer herbivory at the study site.
Further study of the bottomland forest will continue in April 2021 to begin estimating survival and mortality of seedling
populations.

CFACS2-4
Survey of Mediterranean Gecko (Hemidactylus turcicus) Populations at Specific Locations at the University of Central
Oklahoma
Danielle Bright, Dr. Allyson Fenwick
Mediterranean geckos (Hemidactylus turcicus) are small lizards that are native to the Middle East. This nocturnal species
was introduced to the University of Central Oklahoma campus and has the largest population density at Howell Hall and
the Communications building. From August 2020 - December 2020, Dr. Fenwick’s lab has surveyed these two buildings
once a week to determine the preferred habitat for the geckos. This is done year-round due to the unusual nature of
these geckos. They tend to be active in the winter when normally they should not be. The survey is performed after
sunset on days with no active precipitation. We first take the ambient temperature, humidity, and windspeed using an
environmental meter and proceed to walk around the perimeter of the buildings. For each gecko found we measure the
temperature in Celsius at the perch location and one meter in each direction diagonally from the perch location using a
temperature gun and then measure the amount of light in lux at the perch location and at one meter to the left and right
using the environmental meter. We also notate the approximate life stage of the gecko, the height it is found at, and any
unique characteristics found with the gecko; this includes if they are found in crevices in the walls, or if they are eating
when they are found. We aim to see how many geckos are still active in the winter compared to the summer and what
areas they can be found in.

CFACS
The Preliminary Investigation of the Ecology of Harris Mud Crab in Lake Texoma
Shelbie Weaver, Jessica Neuzil, Dr. David Bass
Harris mud crab (Rhithropanopeus harrisi) was first reported in Lake Texoma in 2008 and its distribution at that time was
documented. Since that time, very little research regarding this population has been conducted. Purposes of the current
investigation are 1) document current distribution, 2) estimate population size, 3) record sex and individual measurements,
4) determine reproductive periods, and 5) note microhabitat preferences and any other pertinent ecological information.
Six sampling stations have been established on the Oklahoma side of Lake Texoma in a transect from the OU Biological
Station to near the Denison Dam. Sampling of each site began in August 2019 and will continue through July 2021. The
average density of crabs at each site ranged from 0.0 crabs/m2 to 154 crabs/m2. No crabs have been found during the
cooler months of the collections. Larvae were present in plankton samples during July and August, indicating
reproduction occurs during the warmer months. Of the crabs returned to the laboratory, 75 were females, 155 were males
and 11 were too immature to determine sex. Measurements including carapace width (1.3-14.5 mm), carapace length (0.710.8 mm), chela width (0.4-13.1 mm), chela length (0.2-13.0 mm), and dominant claw were recorded. Results from an
independent study indicated 94% selected rock as a microhabitat over plants and sediments, confirming what was
observed in the field. As this Lake Texoma mud crab project continues, it will be interesting to see if significant trends in
the data appear.

CIBER
Center for Interdisciplinary Biomedical Education and Research (CIBER)

The College of Mathematics and Science Center for
Interdisciplinary Biomedical Education and Research (CIBER)
exists to provide an environment for faculty to expand their
research and work in a collaborative environment to solve
complex social and biomedical issues that are crucial to human
welfare. CIBER is dedicated to interdisciplinary biomedical health
science education and research.

CIBER1-1
Kinetics and Structural Studies of Dihydrodipicolinate Synthase and Bromopropionic Acid
Rebecca Wood, Erinn Murphy, and Dr. Lilian Chooback
Resistance and a decline ineffectiveness of current antibacterial agents require development of new antibacterial drugs.
Lysine biosynthetic pathway has been one area of research that has focused on inhibition of bacteria. The DAP
biosynthetic pathway is an ideal target for the development of antibacterial compounds due to the pathway presence of
in bacteria but not in mammals. Inhibitors of enzymes in this pathway are expected to have limited toxicity to humans.
Dihydrodipicolinate synthase (DHDPS) catalyzes the first step in the lysine biosynthetic pathway.
Multiple substrate and transition analogues have been designed based upon their binding at the active site of the
enzyme using protein docking (Auto-Dock). Several intermediate analogues are being synthesized. Two ligands, 2bromopropionic acid and 2-iodopropionic acid (pyruvate analogues) were looked at. Initial kinetic studies show that the
DHDPS loses nearly all activity in the presence of these ligands at mM concentrations. Careful inhibition studies is carried
out to calculate the binding constant and characterize the inhibition kinetically.
Crystals of DHDPS co-complexed with 2-bromopropionic acid was formed in polyethylene glycol 3350 and 0.2 M sodium
tartrate at pH 7.5. The diffraction data was collected at the University of Oklahoma X-ray facility. The crystals have a P1
space group and diffracted to ~2.15 A°. The crystal structure confirms the displacement of bromine and formation of a
covalent attachment between propionic acid and lysine 161 (K161) at the active site of enzyme. Bacterial growth studies
were performed using E.coli JM109 and a bacterial culture containing the plasmid containing dapA that codes for
dihydrodipicolinate synthase (PS1). Total growth inhibition was observed on agar plates in the presence of either 2bromopropionic acid or 2-iodopropionic acid. We have also tested the growth inhibition in liquid media for both JM109
and PS1. Both cultures ceased to grow at 3 mM concentration of the above ligands. We are working on designing a
bacterial phenotype rescue experiment.

CIBER1-2
Inhibition of Dihydrodipicolinate Synthase by 2,4-Diketo Acid Derivatives
Nathan Blythe, Dr. Lilian Chooback, Dr. Dallas New
Lysine is an essential amino acid used in the biosynthesis of proteins. It is synthesized by two main biosynthetic
pathways, the diaminopimelate (DAP) pathway and the α-aminoadipate pathway. The targeted pathway of this research
is the DAP pathway. The DAP pathway starts with the dihydrodipicolinate reductase (DHDPS) catalyzed condensation
reaction and commits the DAP pathway to completion. A total of eleven 2,4-diketo acid derivatives are currently being
looked at as possible inhibitors of the DHDPS enzyme.
These first must be synthesized and then tested using enzyme kinetic assays to ensure inhibition of the enzyme.
Currently synthesis is still being performed on these 2,4-diketo acid derivatives.

CIBER1-3
Evaluating and Isolating the Dandelion Extract for Bioactive Compounds
Michelle Pham, Dr. Amanda Waters
Natural products are defined as small molecules isolated from a source found in nature and are useful in applications
such as medicine, agriculture, and cosmetics. Due to their chemical diversity and biochemical relevance, the
identification of bioactive compounds is significant to the pharmaceutical drug pipeline for their potential use towards the
development of new medicine. In the ongoing search for new bioactive compounds, it is of great interest to identify those
that are cytotoxic to cancer cells. The brine shrimp lethality assay is suitable for the preliminary screening of cytotoxic
compounds since the brine shrimp's lethality correlates with the cytotoxicity of human lung and colon cancer cells. The
aim of this work is to isolate and elucidate bioactive compounds from Taraxacum officinale, the common dandelion,
using several chromatographic and analytical instrumentation techniques. The compounds in the aqueous extract are
separated through extraction to obtain extracts soluble in hexane, ethyl acetate, and water. With the assay, each derived
extract, in addition to the original aqueous extract, is screened at a low (10.0 ppm), medium (50.0 ppm), and high
concentration (100 ppm). Extracts indicating 70% lethality or higher with any concentration are reinvestigated using a
confirmation assay. Of the extracts tested, the ethyl acetate, aqueous, and original extracts are active. Bioactive extracts
are fractionated by chromatographic methods, and then the bioactive compound(s) identified using nuclear magnetic
resonance spectroscopy, mass spectrometry, and infrared spectroscopy.
CIBER 1-4
Dandelion Extract Inhibits Migration and Invasion of Cervical Cancer Cells
Kayley McBride, Caitlyn Lodhi, Ameera Noon, Dr. Melville B. Vaughan, and Dr. Christina Hendrickson
According to the American Cancer Society Journal, 1,806,590 new cancer cases and 606,520 cancer deaths were
expected to occur in 2020 in the United States. Despite the existence of many forms of cancer therapy, there continues to
be a high mortality rate among cancer patients. Over 60% of these FDA-approved therapies make use of a Natural
Product, a derivative of a Natural Product, or a product that mimics Natural Products. Dandelion (Taraxacum officinale) is
a natural product that grows throughout the world and has long been consumed safely as part of Middle Eastern and
Ancient Chinese Medicine due to its anti-inflammatory and anticarcinogenic properties.
Dandelion Whole Extract (DWE) was prepared, filtered, freeze-dried, and resuspended in cell-growth media. HeLa cells
and Human Dermal Fibroblasts (HDF) were maintained under standard in vitro cell culture conditions, then treated with
DWE concentrations between 0 to 8 mg/ml. A wound scratch assay and Boyden chamber assay were performed to
assess the migration of the cells. For a more realistic 3-dimensional approach, cells were cultured into collagen lattices to
form artificial tumors, then nested in acellular collagen matrices and treated with similar varying concentrations of DWE
to study the effect of dandelion extract on HeLa cells invasion.
HeLa cells were inhibited from migrating and invading by DWE in all 3 assays after a concentration of .2 mg/mL. HDFs,
however, were unaffected by the DWE until the concentration of 4 mg/mL. Which showed DWE to be non-toxic to
normal cells.
This study supports the possibility of the natural anticancer compounds in dandelion being used to prevent cervical
cancer from metastasizing. This study could potentially improve cancer treatment by unveiling cellular and molecular
mechanisms behind anti-proliferative and anti-invasion effects of dandelion that are getting popularized as a
cancer treatment.

CIBER1-5
Differential Gene Expression in a Murine Model of Maternal Phenylketonuria
Rachel Armfield, Dr. Nikki Seagraves
Maternal PKU affects embryos exposed to high concentrations of Phenylalanine (Phe) in utero due to PKU in the mother.
MPKU leads to craniofacial, cardiac, and cognitive abnormalities. The mechanism of MPKU is unknown, as are the specific
genes which are differentially expressed in the presence of high Phe.
Cranial neural crest cells (O9-1 cell line) from Mus musculus (mouse) were exposed to the high Phe concentrations that
occur in utero. mRNA was then extracted and converted to cDNA. Quantitative Real-Time PCR (qRT-PCR) was performed
on this cDNA, initially for 3 ADH (alcohol dehydrogenase) and 2 ALDH (aldehyde dehydrogenase) genes, and then for a
Retinoic Acid pathway array of 84 genes. Data were analyzed using ΔΔCt method, and expression changes were given as
a log2 fold change.
13 genes in the Retinoic Acid pathway were found to be significantly upregulated in the presence of Phe. Several are
known to contribute to heart development in the embryo, and one is known to be necessary for neuron development in
the brain.

CIBER 2-1
Phenotypical Analysis of Old and Young Dupuytren's Disease Cells
Austin Segrest, Cade Huston, Dr. Melville Vaughan, Dr. Gang Xu
Dupuytren’s disease is a fibrotic disease in the hand that reduces motility. An antibody stain for focal adhesions was
conducted on old and young cells that were treated with and without TGF-β. Both old groups had a higher average area
of focal adhesion and grayscale intensity. After 24 hours the old TGF-β group had the highest compactional ability with
young TGF-β slightly surpassing after 24 hours. These results indicate a switch in specialization based on age to a more
stationary phenotype that exerts more force. Further research is needed to quantify the effect proliferation has on the
compactional ability following the 24 hours.

CIBER 2-2
Molecular Survey of Ixodes scapularis Associated Pathogens from Odocoileus virginianus at Lake Arcadia in Edmond,
Oklahoma
Russell Smalley, Dr. Bob Brennan
Odocoileus virginianus (white-tailed deer) is the primary host and vector for Ixodes scapularis (deer tick). Most of the
research into Ixodes scapularis has been geographically restricted to the northeastern United States with limited interest
in Oklahoma until recently as the Ixodes populations spreads due to climate change. Ticks serve as a vector for
pathogenic bacteria, protozoans, and viruses that pose a significant human health risk. To date, there has been limited
research to determine what potential tick-borne pathogens are present in Ixodes scapularis in central Oklahoma. Using a
one-step multiplex real-time reverse transcription-PCR Ixodes scapularis collected from white-tailed deer were
screened for Anaplasma phagocytophilum, Borrelia burgdorferi, Borrelia miyamotoi, Babesia microti, and Powassan virus.
394 total ticks were pooled by sex and life-stage into 117 samples. Of these samples, 13 were positive by qPCR for
Borrelia burgdorferi, 7 positives for Babesia microti, 3 positives for Borrelia miyamotoi, and 5 positives for Powassan virus.
This represents a prevalence of 3.3%, 1.8%, 0.8%, and 1.3% respectively. The identity of the positive samples will be
confirmed through sequencing. This study represents the first report of B. miyamotoi, B. microti, and Powassan virus in
Oklahoma I. scapularis ticks and the first detection of B. burgdorferi from I. scapularis since 1992. Despite these
prevalence rates being lower than the northeastern United States, this study provided preliminary evidence of the spread
of I. scapularis associated pathogens into new regions of the United States.

CIBER 2-3
Analysis of Cardiac Teratogenicity of Phenylalanine Using the Avian Model: The Role of the Retinoic Acid Pathway
Kayvan Noori, Lauren Watkins, Dr.. Nikki Seagraves
Maternal Phenylketonuria (MPKU) is the result of exposure of high levels of phenylalanine (PHE) to the developing
embryo of mothers with PKU. High levels of PHE can lead to cranial and cardiac developmental issues in the embryo.
Previous studies in our lab revealed the Retinoid pathway as a potential mechanism for these defects. Transthyretin (TTR)
is a gene of the retinoic acid pathway that is effected by an excess of PHE. The TTR gene is responsible for producing the
protein called Transthyretin. This protein transports retinol in the retinoic acid pathway. The second gene of interest in
this project is PlexinA2 and is also a gene effected by an excess of PHE. PlexinA2 is responsible for neural cell guidance
and growth, specifically PlexinA2 is important in neural crest cell (ncc) migration. Disruption in the migration of nccs may
lead to the cranial and cardiac defects observed in MPKU. The objective of this project was to clone a fragment of TTR
and PlexinA2 RNA in order to transcribe a RNA probe. Cloning was done by dissecting chicken embryos and extracting
RNA. RNA was then reverse transcribed and cDNA was used in PCR amplification of the two genes. The PCR product was
extracted and cloned into the pGEM-T easy vector system through ligation of the DNA insert to plasmid. One Shot TOP10
chemically competent E. Coli was transformed with the plasmid containing our gene insert. X-Gal was then used to select
for bacterial colonies containing the DNA insert. Clonal PCR was conducted to confirm the presence of the insert. Further
experiments are underway, including sequencing of the insert, RNA probe transcription, and insitu hybridization to
understand the effect of excess of PHE on gene expression.

CIBER2-4
Dandelion’s Extract Induces Intrinsic Pathway of Apoptosis in Cervical Cancer Cells
Ghazal Hesami, Dr. Christina Hendrickson, Dr. Melville Vaughan
(In many parts of the world, cancer is the second leading cause of death after cardiovascular disease. Current problems
in the use of chemotherapy, radiotherapy, and numerous side effects that result from their use for the patient, as well as
the resistance of cancer cells to common therapies, have led researchers to investigate natural products (NP). The
biological environment adapts to NP presence allowing it to work efficiently. Crude NP extracts are rich sources of
chemically diverse and biologically relevant compounds.
Dandelion (Taraxacum officinale) has been found throughout the world and used for centuries in traditional and Native
American medicine. It is getting popular among Middle Eastern recently because of its anti-cancer properties. This
study investigated the anti-cancer effects of dandelion on cervical cancer cells known as HeLa cells. It was
hypothesized that the anticancer activity of dandelion extract acts by disrupting key cellular processes in tumor cells,
which could result in growth inhibition and cell death.
Dandelion Whole Extract (DWE) was prepared, filtered, freeze-dried, and resuspended in cell-growth media. HeLa cells
and normal human cervical cells (HCEC) were maintained under standard in vitro cell culture conditions, then treated
with DWE concentrations between 8 to 0 mg/ml for 96 hours. DWE inhibited proliferation while promoted apoptosis via
activation of the intrinsic pathway in HeLa cells, but did not have such effects on HCEC cells.
This study supports the possible use of dandelion as a natural source of anti-cancer compounds against cervical
cancer. Screening compounds derived from herbal plants, like dandelion, is an exciting approach for discovering new
anti-cancer drugs.

CIBER3-1
Measurement of Artificial Skin Tissue Mechanical Strength
Mark Jones, Dr. Morshed Khandaker
This project is assessing, evaluating, and refining a human skin equivalent model for wound therapies. The primary
objective of this experiment is to design a system that can measure the strength of the skin equivalent model. There
currently is not a device available that can successfully test the strength of artificial skin tissue to a known substance
Hydrogel. The goal is to create a device that can accurately and repeatably test the strength of the filament.

CIBER3-2
Mechanical Characterization and Bioanalysis of Micro-Grooved Flow Diverters
Seth Harriet, Dr. Mohammad Hossan
Flow diverters (FDs) use fine-meshed tubes to divert blood flow away from the aneurysmal cavity to cure aneurysm and
remodel the blood vessel network. However, current FDs are created from woven metal wire and can fail by migration,
malposition, or restenosis. Recent studies show that the failure of FD can cause late thrombosis, embolism and rupture
by inducing low grade constant inflammation, stent rubbing and delayed bio-acceptance of the FD. In this research, we
studied the effect of micro-grooving of nitinol FDs on cell adhesion, proliferation and differentiation of fibroblast and
endothelial cells. The effect of grooving on mechanical flexibility, longitudinal, radial and bending strength was also
studied. Fined meshed flow diverters was fabricated using laser machining with custom made automated actuator
system. FD surfaces were polished using Buhler grinding machine and sandpaper. Surface finish and quality was
assessed by scan electron microscope (SEM). Helical micro-grooving on the FD surface with three different depths (5
micrometer, 10 micrometer and 15 micrometer) was also done using laser machining system. Groove profile and surface
roughness of the groove were quantified using 3D profiometer and SEM images. Longitudinal and bending strength, and
radial expansion of FDs with and without grooving were evaluated using universal testing machine with high precision
load cell and custom-made jig fixture. FDs without groove were used as control group. All mechanical tests were
designed based on the standard ASME testing procedures. For bioanalysis, FDs with and without micro-grooves were
placed in a 3D printed biocompatible PLA tube and filled by collagen matrix with fibroblast and endothelial cells. After 1, 3
and 5 days of seeding, the cell proliferation, adhesion and differentiation were measured. The results show that surface
grooves with 5 micrometer and 10 micrometer of depth did not alter mechanical properties of the FDs significantly.
However, 20 micrometer of depth compromised the mechanical integrity of the FDs significantly. Both fibroblast and
endothelial cell proliferation and differentiation was also improved in a grooved FD. Results also show that the cell
adhesion to grooved FD was much higher than that of the non-grooved FDs for both types of cell. However, with increase
of the groove depth does not seem to have higher proliferation and adhesion. This study will contribute in understanding
the impact of surface engineering of FDS and hence will help to design more efficient and functional fine meshed flow
diverters (FDs) for the treatment of aneurysm.

CIBER3-3
Electromechanical Neural Stimulation System
Andy Vo, Evan Green, Philip Misialek, Dr. Morshed Khandaker
Numerous electromechanical systems have been explored to stimulate the healing of damaged tissue by traumatic
brain injury (TBI). Photobiomodulation (PBM) employs laser light (600 – 1100 nm) to stimulate TBI-induced tissue healing.
Transcranial Magnetic Stimulation is also a promising neuroprotective method for improving the functional prognosis of
TBI that uses magnetic fields to also stimulate the brain cells. The goal is to design a cost-effective electromechanical
neural stimulation system for traumatic brain injury using an in vitro animal brain model and to test whether the
designed system can modulate a generated oscillatory signal.

CIBER3-4
Optical Coherence Tomography Imaging of the Fibroblast-Populated Collagen Matrix
Amelia Perez, Dr. Melville Vaughan
Fibroblasts are the most common type of cells found in connective tissues and are essential to wound healing and
scarring due to their mechanisms to remodel connective tissue. When tissue injury occurs, fibroblasts will migrate to the
site of damage and deposit new collagen and facilitate the healing process by producing tension in the wound. The goal
of this study was to measure the compaction and tension generation of the anchored fibroblast-populated collagen
matrix (FPCM) as a dermal tissue model. Optical coherence tomography (OCT) was used to visualize and measure the 2D
cross-sectional morphological changes of the FPCM during development or upon release from the attachment. The
results clearly showed the structural compaction and tension intensification in the FPCM mediated by fibroblasts. We
plan to correlate these biomechanical changes to the underlying cellular signaling pathways. Understanding the
mechanobiological mechanisms underlying tissue development and wound healing in FPCM will contribute to the
studies of many fibroblast-related fibrotic disorders.

CIBER4-1
3D Printed Polycaprolactone Scaffolds To Aid Against Bone Defects
Kevin Ghale, Dr. Morshed Khandaker
In the United States, 1.5 million people suffer from bone defects yearly, and with roughly about 10 million individuals over
the age of 50 with osteoporosis, the numbers will grow yearly. Bone defect is the lack of bone tissue in a body area
where the bones should be present. These bone defects are related to osteoporosis, fractures, bone malformation, and
other bone diseases. The best treatment for bone defects is the application of bone grafts, where bones from another
part of the body is taken out and added to the affected bone area to allow the bone cells to repair it. There are also many
other different kinds of grafts but the method itself could adversely affect the part of the body where the bone was taken
from. In addition, bone grafts require finding matching bone types with the right mechanical properties and with enough
of the bone cells to be spared for the affected part of the body. A safer way would be to add a compatible outside
element to take care of the bone defects, like adding a biodegradable scaffold that hosts cells that could enhance the
bone cells to repair the bones. Different bones have different mechanical characteristics, and with the bioscaffold being
3D printed through fused deposition modeling, it gives us the flexibility of making the bioscaffold to be in whatever shape
and size is required to match the mechanical properties of the affected body part's bone. For instance, we were able to
attain a compressive strength and modulus of 0.57 MPa and 0.52 MPa for poly(ethylene glycol) diacrylate and 1.44 MPa
and 0.90 MPa for a hybrid bio scaffold of poly(ethylene glycol) diacrylate and polycaprolactone respectively when we
were trying to match the bioscaffolds' mechanical properties to that of human knee cartilage.

CIBER4-2
Incorporation of Mycobacteriophage Fulbright into Polycaprolactone Nanofiber for Phage Therapy Application
Charmaine Moya, Dr. Hari Kotturi
The Genus Mycobacterium includes pathogens known to cause disease in mammals like tuberculosis(Mycobacterium
tuberculosis) and skin infections (M. abscessus). Phage therapy is potentially an alternative way of treating bacterial
infections. As bacteriophages are specific to their bacterial host, it ensures that the normal flora is unharmed. In this study,
we incorporated Mycobacteriophage Fulbright into a polycaprolactone (PCL) nanofiber and tested its antimicrobial effect
against the host bacteria M. smegmatis, and human pathogen M. abscessus. Our preliminary results indicate that our
phage Fulbright was active in the nanofiber for at least 24 hrs after the nanofiber was made. After 5 days, Fulbright was
active in the nanofiber when the fibers were stored at -20ºC, but not when stored at 4ºC. Our preliminary studies also
show that PCL nanofiber material does not affect the phage particle's stability in high-titer lysate when stored at 4ºC and
37ºC for 7 days. Phage-incorporated PCL did now show infectivity against M. abscessus.
CIBER 4-3
Effect of Micro-Grooved Nitinol Surfaces on Fibroblasts and Endothelial Cell Function
Fatemeh Pourmalek, Zack Maggard, Seth Harriet, Demmy Teng, Dr. Melville Vaughan, Dr. Mohammad R Hossan
Flow diverters (FDs) use fine-meshed tubes to divert blood flow away from the aneurysmal cavity to cure aneurysm and
remodel the blood vessel network. However, current FDs are created from woven metal wire and can fail by migration,
malposition, or restenosis. Recent studies show that the failure of FD can cause late thrombosis, embolism, and rupture
by inducing low grade constant inflammation, stent rubbing, and delayed bio-acceptance of the FD. In this research, we
studied the effect of micro-grooving of nitinol FDs on cell adhesion, proliferation, and differentiation of fibroblast and
endothelial cells. In first set of experiments, 3 um, 6 um, and 12 um grooves were created on 10 mm by 10 mm medical
grade nitinol plates using laser engraving machine with custom made controller in the laboratory. Grooved samples and
non-grooved samples (3 specimens of each type) were polished with in-house trumbler machine with glass beads.
Surface finish and quality of the samples were assessed by scan electron microscope (SEM). Cell studies with osteoblasts
and fibroblasts cells were conducted with these samples. Results show that grooved surfaces had better proliferation
and adhesion compared to non-grooved surfaces. Within the grooved surface, 12 um depth groove had the highest
proliferation and adhesion. Based on this observation, the nitinol flow diverting stent with and without grooved were
developed using the same laser engraving system with custom controller. Before laser machining, the flow diverting
stents were designed and optimized in CAD modeling using SolidWorks. Silicon holders was also made using 3D printed
negative mold to keep the flow diverting stent upright. FDs with and without micro-grooves were placed in the medical
grade biocompatible silicon holder and filled by collagen matrix with fibroblast and endothelial cells at the outer surface
of the FDs. After 1, 3 and 5 days of seeding, the cell proliferation, adhesion and differentiation were measured using MTT
assays and fluorescence microscopy. MTT assays show that the live cells and cell growth are much higher in all of the
grooved FDs. Like flat plate grooved nitinol samples, both fibroblast and endothelial cell proliferation and differentiation
was also improved in a grooved FD. Results also show that the cell adhesion to grooved FD was much higher than that of
the non-grooved FDs for both types of cells. This study will contribute in understanding the impact of surface
engineering of FDS and hence will help to design more efficient and functional fine meshed flow diverters (FDs) for the
treatment of aneurysm.

CIBER4-4
Effect of Phenylalanine, Retinoic Acid, Retinal, and Citral on Proliferation of O9-1 Mouse Cranial Neural Crest Cells
Nazka Nurbyek, Michaela Vance, Dr. Nikki Seagraves
Maternal phenylketonuria [MPKU] is a syndrome that causes many different types of birth defects affecting growth, and
development of heart, brain, and bones of the face. The syndrome is caused by exposure to too much Phenylalanine, an
amino acid found in proteins eaten by a mother with Phenylketonuria during pregnancy. It is not known why Phe causes
abnormal development of embryos. Our lab has preliminary evidence that high levels of Phe could inhibit communication
between cells mediated by Retinoic Acid [RA], which effects how cells divide, migrate, and specialize. Division of the
neural crest cells are important in the formation of components of the heart including the outflow tract (OFT) and aortic
arch arteries (AAA). We hypothesize that Phe inhibits the rate that cells divide, which may be the cause of the birth
defects seen in MPKU. We cultured O9-1 mouse neural crest cells and performed an experiment to determine the effect
of Phe, RA, retinal, and citral exposure on how the cells divide. Images were analyzed with ImageJ and GraphPad Prism.
Results suggest that Phe exposure causes a significant decrease in division of cells. Consistent with previous research,
RA and retinal increased cell division, and citral decreased. Phe acted similar to citral, which suggests that it may act as
an inhibitor of RA-dependent cellular communication, which could cause the heart defects seen in MPKU. This work is
significant because no one knows how Phe causes the types of defects observed in human MPKU.
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CREIC1-1
Proximity Haptic Feedback Glasses
Stanley Nguyen, Joshua Hayen, Dr. Nesreen Alsbou
The visually impaired struggle with walking, working, and doing everyday tasks we take for granted. The Proximity Haptic
Feedback Glasses has shown potential to solve these problems with little resources and a simple concept. The glasses
retrieve data from the environment using sensors. A microcontroller interprets the collected signals and controls haptic
vibration motors. The haptic motors provide feedback to the visually impaired notifying them of walls, objects, and other
surfaces. We hope that our project can help serve the visually impaired community and create a positive impact.

CREIC1-2
Using Supercomputers to Shed Light on Flagella Driven Biomixing
Joseph Wagner, Dr. Gang Xu
In previous studies it has been determined that active green algae can play a vital role in increasing passive diffusivity as
a result of the cells’ motility; However, the exact reason and relation of algae on these systems has not yet been
determined. To determine the source of this diffusivity resulting Chlamydomonas reinhardtii, or green algae, motile cells
have been modeled in “silico” or computationally. This system was modeled with the use of software from Lawrence
Berkeley National Lab (LBNL) developed by the Computational Research Division (CRD). The software used was
Fluctuating Hydro Dynamics solver (FHDeX), and Adaptive Mesh Refinement (AMReX). To ensure that the model imitates
reality, several iterations of system perimeter scaling were performed to determine the size of the perimeter that
produces an acceptable amount of error. This process is a computational balancing act because a more accurate
simulation results in one that that requires more time and computational power to complete. Therefore the goal is to
balance accuracy and performance by scaling each system perimeter up or down until the system is optimized. Since the
project is modeling flagellar beating in an enclosed space, we manipulated the systems size, the flagellum size, the
flagellum beating speed frequency, and the flagellum beating force. For this model it was determined that an accurate
model can be simulated in a reasonable amount of time allowing researchers to better understand the effects of green
algae motility on system diffusivity. These particles are linked with spring forces which allow them to move together in
fluid flow. These particles are then forced by the fluid and the interactions between the fluid and solid are solved using
the immersed boundary method The next step is implementing active bending by prescribing motion to the model
flagellum, therefore simulating active swimming. Effectively scaling system size to produce accurate answers: where the
properties of the system that will be scaled are the system size, gride refinement and the spring forces and the flagellum
beating frequency.

CREIC1-3
Outlier Detection in Electrocardiogram Data Using Robust Principal Component Analysis
Krisha Keesling, Dr. Emily Hendryx
The electrocardiogram (ECG) is an important tool that measures the heart’s electrical activity and is used to identify
underlying heart conditions. ECG data can include, in addition to normal beats, physiological arrhythmias and even nonphysiological waveforms. To detect anomalous waveforms that occur in the ECG, we apply robust principal component
analysis (RPCA) via outlier pursuit. Principal component analysis (PCA) is commonly used when trying to recover an
optimal low-dimensional representation of a specific data matrix. PCA, however, is sensitive to noise, so RPCA methods
have been developed to combat this very shortcoming. Specifically, the use of RPCA via outlier pursuit offers an
advantage in the ECG setting as it addresses the case when entire data points (beats) are corrupt rather than only a few
samples distributed throughout the data matrix. In short, RPCA via outlier pursuit can be used to identify outliers in the
data, and subsequent analyses can be performed using the space containing the “true” data (or typical beats, in this case).
To evaluate the performance of RPCA with outlier pursuit in this context, we use the MIT-BIH Arrhythmia Database. This
data set contains physician-defined beat labels that we use to tune parameters for the RPCA algorithm. Performing this
parameter selection on a subset of the data to identify the expected fraction of noisy data points in the MIT-BIH data set,
we designate “true” samples as the majority beat type displayed by the data. We then apply the algorithm to a separate
test subset to measure outlier detection performance. Identifying and reducing outliers found in patient data is critical if
the data is to be used in further analysis; the initial results presented here can serve to inform future work in the
development of additional algorithms for clinical support.

CREIC1-4
Influential Nodes Detection On Complex Networks Via Network Topology
Sidra Jawaid, Dr. Mehmet Aktas
Identifying influential nodes is a network classification method that contributes to classifying and understanding the
structure of a network and has wide applications. Nodes in a network can have varying roles in information or heat
diffusion. In this research project, we present and investigate the diffusion Fr’echet function (DFF) method to identify the
most influential nodes in a network dataset, defining the heat diffusion on first-dimensional simplices. The method is
applied to various network datasets to identify influential nodes, and the results are analyzed. Its performance is then
compared to that of a few recognized centrality measures such as betweenness centrality, closeness centrality, and
degree centrality using evaluation methods including the SIR model. We believe our method is able to identify influential
nodes more effectively than several common centrality measures.

CREIC1-5
Development of an Artificial Intelligence Algorithm for the Analysis of Bloodstain Patterns
Aditi Panvelkar, Zhiyun Chen, Terence Ateya, Dr. Jicheng Fu
The automated method in Bloodstain Pattern Analysis (BPA) is a growing field in forensic science. The motivation is to
overcome an analyst's error in identifying blood spatter evidence when there is an overlapping of stains, making it hard to
distinguish between bloodstain patterns. This study aims to utilize machine learning techniques to assist the analyst in the
analysis of bloodstain patterns. This study will focus on the analysis of images of bloodstain patterns as the primary input
data. Bloodstain patterns are constructed experimentally using controlled conditions and a single variable altered at a
time. Several researchers have invested in integrating machine learning with BPA for better accuracy as the traditional
BPA method involves manual techniques resulting in a long and tedious approach. The present study has demonstrated
the accuracy and certainty of using machine learning techniques to analyze bloodstain patterns. In our preliminary study,
a large data set (90 samples containing six bloodstains per angle) of bloodstain pattern images taken as a primary input
for the K-nearest-neighbor (KNN) algorithm, which is a simple but powerful machine learning algorithm. All the blood
stains images were grayscale and of the same size 32 x 192. Using the KNN algorithm in assessing the bloodstains has
produced a significant result in reducing time and error. The result consists of an approximate accuracy of 82.26 %.
Therefore, experimental results suggest that the machine learning techniques may allow us to explore more variables
that impact the bloodstain patterns. For future research, we will focus on the area of different impact spatters because
many experts have suggested that impact spatters are becoming more subjective based on the terminology's
classification. Hence, by exploiting machine learning techniques, we will have a standard methodology that can be
practiced in forensic science.

CREIC1-6
Autoencoder-Based ECG Anomaly Detection
Thomas Dunn, Dr. Emily Hendryx, Dr. Tyler Cook
Electrocardiogram (ECG) data can provide a wealth of information about the health of a patient which a physician can use
to develop a treatment. However, for the diagnosis to be correct the ECG must be read and interpreted accurately in real
time. This presents a problem as even experienced clinicians struggle to distinguish normal from anomalous EGCs in
cases when the differences are subtle or distributed over long periods of time. We explore the use of an autoencoder
model for an initial screening tool for ECG beats.

CREIC1-7
Two New Hypergraph Laplacians in Diffusion Network
Rakin Riza, Thu Nguyen, Dr. Mehmet Aktas
Networks are important structures used to model complex systems where interactions take place. In a basic network
model, entities are represented as nodes, and interaction and relations among them are represented as edges. However,
in a complex system, we cannot describe all relations as pairwise interactions, rather should describe them as higherorder interactions. Hypergraphs are successfully used to model higher-order interactions in complex systems. In this
project, we present two new hypergraph Laplacians based on the diffusion framework. Our Laplacians take the relations
between higher-order interactions into consideration, hence can be used to model diffusion on hypergraphs not only
between vertices but also higher-order structures. These Laplacians can be employed in different network mining
problems on hypergraphs, such as social contagion models on hypergraphs, influence study on hypergraphs, and
hypergraph classification, to list a few.

