
2011 • VOLUME 14

EXPLORATIONS

THE UC DAVIS UNDERGRADUATE RESEARCH JOURNAL
UNIVERSITY OF CALIFORNIA, DAVIS



UC DAVIS    Explorations – The UC Davis Undergraduate Research Journal, Volume 142

Since 1998 Explorations: The UC Davis Undergraduate Research Journal has been highlighting the diversity and excellence of 
undergraduate research at UC Davis. Previously printed in hard copy, the journal made its debut last year as a fully online 
publication. With the new format, we have increased the range of disciplines and the diversity of fine work represented, as well 
as broadened our audience. Full-length articles can be downloaded at the journal’s website. The preface for this year’s volume 
was written by Wolf-Dietrich Heyer, UC Davis Professor and Chair of Microbiology and winner of the 2011 Chancellor’s Award 
for Excellence in Mentoring Undergraduate Research. Having supervised more than fifty UC Davis undergraduates in his lab 
since 1998, Professor Heyer reflects on the value of the undergraduate research experience and the satisfaction of mentoring 
undergraduate researchers. The editors and the twenty-two undergraduates who have contributed to this year’s volume wish to 
thank Professor Heyer and acknowledge the dedicated UC Davis faculty members who have mentored these students in their 
research.

We hope you enjoy this latest volume of Explorations. 

Mark T. Hoyer, Ph.D.
Managing Editor

The journal can be found at: http://undergraduateresearch.ucdavis.edu/explorations/
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Microbiology
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PREFACE

Sometimes I stay rather late in my office in the Life Sciences 
building, mostly because I want to finish something and forget 
about the time. Usually I am extricated from this state of 
social delinquency by a call from my wife reminding me about 
dinner. Some weekends I come to my office to work rather 
than using my desk at home, because there is simply too much 
paper to lug around. 

When I see people working in the laboratory at these odd 
hours, I smile, because I see that my passion is also their 
passion. When I see undergraduate students at these times, my 
smile gets even wider. 

I have been smiling a lot lately at UC Davis. 

You will notice that I said office, not laboratory, when referring 
to my work place. The unfortunate evolution of a university 
professor in the sciences is that very few can maintain an active 
presence in the laboratory, but it was the laboratory work that 
attracted us to and qualified us for our chosen career. The real 
experiments in my laboratory are performed by a talented 
cadre of undergraduate and graduate students, postdoctoral 
fellows, and research technicians. My role is fundraising, 
designing projects, synthesizing ideas, interpreting data, 
asking challenging questions, matching people with the right 
project. Many of these activities can be summarized in a single 
word: mentoring. 

Mentoring of undergraduate students is what makes a research 
university like ours so special, and nowhere are so many 
undergraduate students engaged in undergraduate research in 
the life sciences than at the University of California, Davis. The 
College of Biological Sciences is well known for its rigorous 
curriculum, with challenging lecture courses and intensive 
laboratory classes. But what makes UC Davis special, what 
places our undergraduate students in the world’s best graduate 
programs and medical schools, is their undergraduate research 
experience. The challenges of designing and executing 
experiments, interpreting results, casting them in a power 
point presentation for the weekly research meeting of the 
laboratory group, and then preparing a poster, a talk, or a 
publication are the best preparations for what is to come. 
While the formal course work is highly structured, with clear 
schedules for homework and examinations, undergraduate 
research provides the opportunity for students to acquire 
one of the most important skills to be learned: how to be 
productive in an unstructured environment.

As a researcher, attending scientific conferences is always an 
adrenaline rush for me. I am reminded why I love what I am 
doing, enjoying the singular focus on science. My best ideas 
often come after talks, in front of posters, or over coffee, and 
sometimes over libations restricted to those over twenty-one, 
when we scientists gather to discuss our projects. The UC 

Davis Annual Undergraduate Research, Scholarship & Creative 
Activities Conference perfectly emulates this environment. The 
quality of the oral and poster presentations is superb, reflective 
of intensive preparation and numerous rehearsals. 

Yet for me, the most important skill is a different one, one that’s 
harder to prepare for: how the student-researchers respond 
to questions from those viewing their posters or listening to 
their presentations. Their answers often show an unrehearsed 
passion for their subject and demonstrate that they can 
think quickly on their feet. This kind of engaged dialogue 
at a conference is where creativity is born, where a group of 
minds becomes more than the sum of their individual parts. 
And it is why face-to-face interactions are irreplaceable in the 
development of a researcher. 

The late Stanford University Nobel laureate Arthur Kornberg 
(1959, Physiology or Medicine), one of the fathers of modern 
biochemistry, famously stated, “If asked to name varieties of 
mental torture, most scientists would place writing at the top 
of the list.” I think most scientists in the life sciences would 
agree with Professor Kornberg, and yet writing is such a 
crucial part of our lives. At the risk of being facetious, I might 
even say that my colleagues and I live in a state of perennial 
torture, possibly one of the reasons some of us appear grumpy 
once in a while. More seriously, though, good science writing 
needs practice, and starting early is the best strategy against 
experiencing writing as “torture.” For this reason, I encourage 
my undergraduate students to contribute to Explorations; it is a 
great start to showcasing their work in a formal setting where 
fantastic products are featured.

My satisfaction in science comes from the experiments of 
the students and research fellows in my laboratory. The only 
things that I am looking for in my student researchers are 
motivation and initiative; everything else either I can provide 
or the students can learn. Luckily, at UC Davis we have many 
motivated undergraduate students with plenty of initiative. 
They find ample opportunities and open doors to pursue their 
dreams in biology, the sciences, humanities, or wherever they 
choose to make their contributions to society. 

When you start reading this issue of Explorations, I ask that 
you imagine the work behind the graphs and figures, the long 
hours it took to collect the data, the failures that needed to be 
overcome, and the “torture” of the final writing process. When 
you imagine all this, you can appreciate what a terrific group of 
students contributed to this issue; I know they will continue to 
make all of us at UC Davis proud. 

As I said, I am smiling a lot lately at UC Davis, never more than 
when I think about our undergraduate students, what they are 
accomplishing now, and what discoveries they may make in 
the future.
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Rethinking Retrospection: Temporality 
and Criminality in Christie’s Detective 
Fiction
Julie Aguiar

Detective fiction is said to have reached its perfection during 
the “Golden Age” (roughly, 1920-1950), when its production 
came to be governed by set structural and thematic patterns. 
This reliance on the tried and true over more innovative 
elements contributed to a new ethnic in the genre that aimed 
to quash new ideas concerning morality and the human 
condition (159). This essay shows how detective novels of 
the interwar period, embodied by Agatha Christie’s Murder 
on the Orient Express, Sad Cypress, and Curtain, dared to defy 
convention. By challenging the traditional conceptions of 
criminality, justice, and the past that conventional detective 
fiction of the period evoked, Christie suggests that the need 
for novelty is essential both to the survival of the detective 
genre and to individual human happiness. 

Variation in Indian Microcredit – The 
Explanatory Role of Human Capital 
and Client Accessibility
Kavita Anand

The growth of India’s microfinance sector, which has recently 
exploded, has been unevenly distributed across the country; 
the number of microfinance clients more than doubled from 
2008 to 2010, with 55 percent of this growth concentrated 
in Southern India. This paper examines two independent 
variables as explanations for this uneven growth across 
states: “human capital” and “accessibility to clientele.” The 
dependent variable is the ratio of microcredit clients to the 
rural population of the state. I assert that each independent 
variable, “human capital” and “accessibility to clientele”, 
is positively correlated with the dependent variable. Data 
analysis supports these hypotheses, revealing statistically 
significant positive coefficients for both independent 
variables. Policy recommendations include establishing a 
data-sharing network in the industry, promoting partnerships 
between educational and microfinance agencies, and investing 
in rural education and infrastructure in the long term.

Natural Disasters and Migration: 
Storms in Central America and the 
Caribbean and Immigration to the 
U.S.
Onelica C. Andrade Afonso

In 1998 hurricane Mitch devastated Honduras and Nicaragua, 
affecting over 1,000,000 people. This was the first time 
that the U.S. granted temporary protected status to Central 
American immigrants due to a tropical storm. This is a 
clear example of policies anticipating the effect of a natural 
disaster on U.S. immigration levels. While some historical 
and theoretical evidence suggests a link between climate 
and migration, there is little empirical evidence that the 

environment plays a significant role in migration patterns. 
My research analyzes the potential relation between natural 
disasters and migration. To carry out the analysis, I compile 
data on storms, immigration and other demographic 
characteristics of Central American and Caribbean countries 
from 1980-2009. The findings have clear implications for U.S.  
policymakers: environmental conditions need to be included 
as potential causes of emigration from Central America and 
the Caribbean. 

LRIG3 Expression and Functions in 
Breast Cancer
Michael Astudillo

Cell signaling pathways are commonly deregulated in cancer. 
The leucine-rich repeats and immunoglobulin-like domains 
(LRIG) family of proteins have been implicated in post-
transcriptionally regulating cell signaling pathways. LRIG1 
is a proposed tumor suppressor gene in breast cancer and 
mediates the degradation of ErbB and MET receptor tyrosine 
kinases. The role of LRIG3 in breast cancer is not currently 
understood. Overexpression of LRIG3 causes a stabilization 
of ErbB receptors, suggesting that if LRIG3 were expressed 
at high levels, it could increase the tumorigenic properties 
of cells. Here, we show that LRIG3 is not commonly 
overexpressed in a subset of breast cancer cell lines and that 
knockdown of LRIG3 in JIMT-1 breast cancer cells leads to an 
increase in proliferation. Further analysis revealed that LRIG3 
interacts with and stabilizes bone morphogenetic protein 
(BMP) receptors, and enhances BMP signaling. However, 
LRIG3 is also able to stabilize other cell membrane proteins, 
such as Nogo-A.

A New Proof of the Ellipsoid 
Algorithm
Samantha Capozzo

Linear programming is described by Howard Karloff as “the 
process of minimizing a linear objective function, subject to 
a finite number of linear equality and inequality constraints.” 
Linear optimization is one of the main tools used in applied 
mathematics and economics. It finds applications in fields 
ranging from image processing to logistical distribution 
of goods. In 1979, Leonid Khachiyan invented the first 
ever polynomial-time algorithm to solve linear programs, 
the Ellipsoid Algorithm. The algorithm is based on the 
geometry of ellipsoids and how a sequence of progressively 
smaller ellipsoids contains convex sets. Its ability to run in 
polynomial-time makes the Ellipsoid Algorithm an important 
theoretical tool that can be used as the basis of many other 
algorithmic applications in various fields. Here we present the 
details of the Ellipsoid Algorithm and our work to simplify the 
steps of the algorithm, along with a clear and concise proof. 
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The Euclidean Volume of the Moduli 
Space of Curves
Kevin Chapman

A topological recursion formula is developed for the Euclidean 
volume of the Moduli Space of curves with n marked 
points, proved by the computation of the inverse Laplace 
Transform of another formula. This is the only known proof 
for the volume recursion formula without reference to the 
symplectic volume recursion formula. In particular, there 
are no straightforward geometric arguments that lead to a 
proof, another indication of the effectiveness of the method 
developed in the current paper.

Coping with Difference: Social Identity 
and Mediating Intergroup Conflict 
in Octavia E. Butler’s Science Fiction 
Novels
Stephanie S. Chow

Previous criticisms of Octavia Butler’s novels rely on the 
notion of the posthuman, a person more evolved and 
more efficient, defined by radical physiological changes 
that fit different needs. However, these arguments about 
the posthuman neglect her protagonists’ specific struggles 
and attempts to maintain distinctiveness. With little social 
psychological analyses of identity performed on Butler’s 
science fiction, a deeper understanding of social identity and 
intergroup conflict is necessary in order to see how group 
categories operate in her novels. The lens of social identity 
becomes useful in thinking about Butler’s novels because of 
its ability to focus on the processes of differentiation. Through 
undermining clear-cut distinctions between self and other, 
Butler compels us to examine how people create problems 
that lead to disastrous futures, raising difficult questions such 
as “how do we construct or negotiate difference?” and “what 
kind of cognitive processes do we go through when thinking 
about difference?”

Gene Regulation in Human Airway 
Epithelial Cells in Response to 
Pneumolysin
Karen Chu

Pore-forming toxins introduce pores in cell membranes, 
lead to cell death, and cause overall tissue damage. Among 
these toxins is pneumolysin, a cholesterol-dependent toxin 
produced by Streptococcus pneumoniae, a bacterium involved 
in causing pneumonia as well as other health problems. 
Due to the lack of novel antibiotics, there is a need for new 
antimicrobial agents. It is plausible that protecting cells 
against pneumolysin attack could lead to resistance to S. 
pneumoniae infection. My research project is to establish 
a panel of genes that are transcriptionally regulated upon 
pneumolysin treatment in human airway epithelial cells. 
Using a quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR) technique to optimize the time course 

and dose response of pneumolysin treatment in the cells, 
we could then further use this readout to screen for drugs 
that could lead to a change in pneumolysin-response gene 
expression and further protect the cells against pneumolysin. 

Roman Historical Narrative: The 
Etruscan Background
Ashleigh Crocker

During the first millennium BCE, the Etruscans were the 
dominant people in northern Italy. Yet an evaluation of their 
art continues to be difficult because of a lack of information 
on their origins, language, and history. The numerous tomb 
paintings found near the Etruscan cities Tarquinia and 
Vulci from the 4th and 3rd centuries BCE offer historians an 
opportunity to evaluate how the Etruscans viewed themselves 
during a critical moment in their history when they were 
under pressure from Rome. The Francois Tomb at Vulci and 
the Tomb of the Shields and Tomb of Orcus at Tarquinia use 
distinctly Greek techniques mixed with Etruscan motifs to 
create the most mature tomb paintings in Etruscan history. 
Research on the Francois Tomb and an examination of 
Etruscan art will demonstrate the Etruscan use of Greek 
techniques to create tomb paintings, figures, themes and 
landscapes that are a purely Etruscan visual form. 

Chagas Disease: The Need for 
Government Recognition, Intervention, 
and Prevention on the Coast of 
Oaxaca                                   
Skye Emerson, Edith Hernandez, Joaquin Michel, 
Serene Musallam 

The southern state of Oaxaca is among Mexico’s most 
culturally and environmentally diverse states. Despite its rich 
culture and biodiversity, nearly seven of ten Oaxacans live 
in extreme poverty. This is true also in the coastal regions, 
where tropical diseases flourish, among them the parasitic 
Trypanosoma cruzi, commonly called “Chagas” disease. 
Chagas first emerged in 1909 in Brazil and is considered one 
of the most serious parasitic diseases in Latin America. In 
countries such as Uruguay, Chile, and Brazil, where adequate 
programs have been developed, the disease is close to being 
eradicated. However, due to the lack of funding for prevention 
programs along the Oaxacan coast, Chagas continues to have 
a detrimental impact there. To solve this health problem, 
the government must recognize the severity of the disease 
and provide sufficient funding to create an infrastructure 
capable of researching, diagnosing and treating Chagas and of 
educating Oaxacans about it. 
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The Role of DNA Polymerase 4 in 
Homologous Recombination
Becky Xu Hua Fu

DNA double-strand breaks (DSBs), caused either by exogenous 
or endogenous factors, will lead to cell death unless repaired 
by DNA repair pathways that maintain genome stability. DNA 
polymerase 4 (Pol4) has been implicated in a pathway of DSB 
repair called microhomology-mediated end-joining (MMEJ), 
which uses short segments of microhomologies (5-25 bps) 
to repair DSBs. To determine the role of Pol4 in DNA repair, 
pol4 mutants (catalytic point mutants and deletion mutants) 
were tested in novel MMEJ interchromosomal (inter) and 
intrachromosomal (intra) recombination assays containing 
microhomologies using the model organism, Saccharomyces 
cerevisiae. The pol4 catalytic and deletion mutant showed 
statistically significant decreases (ranging from 2- to 37-fold) 
in recombination. The pol4 mutants were also tested for sister 
chromatid exchange and direct repeat recombination. The 
results showed the pol4 catalytic point mutant had a 2-fold 
decrease in direct repeat recombination.

Cultural Heritage Language in Third 
Generation Chinese-Americans
Jennifer Ho

There has been little linguistic research into third generation 
Americans regarding language, and even less about them 
trying to maintain their ‘cultural heritage’ bilingual abilities, 
perhaps because most researchers assume that, by the third 
generation, people are predominantly English speaking. This 
study explores whether there are third generation Americans 
who are not monolingual English speakers, and how and why 
they became successful in learning their heritage language. 
Interviews were conducted with five third (or later) generation 
Americans in their 20s who were learning or had some 
proficiency in their heritage language. From the interviews, 
I identified common reasons for learning their heritage 
language and factors that helped or hindered them. I found 
that learners’ successes were fostered by participation in the 
heritage language through areas such as social circles, family, 
and international pop cultures. My findings also provide 
encouragement and guidance to third generation heritage 
language learners.

Child-Only Welfare: Caseload 
Relativity and State Variability in 
the Temporary Assistance for Needy 
Families Program
David Ezekiel Johnson

The number of welfare recipients in the U.S. peaked at more 
than 14 million in 1994, adding pressure to reform the 
system. The welfare reforms of 1996 replaced an open-ended 
entitlement program with a system of two-and five-year 
time limits on cash assistance for adults and a fixed budget 
allocated to states. Since those reforms the overall number 
of Temporary Assistance for Needy Families (TANF) welfare 

recipients and cases has dropped dramatically, but the number 
of child-only cases and recipients has fallen much less. Using 
data from FY1997 through FY2007, I explore factors that help 
explain why child-only cases respond differently, and examine 
their state-by-state variability. I fail to reject two hypotheses: 
that Net International Migration and a stricter state-by-state 
welfare policy (including sanctions and time limits) contribute 
to the increasing share of child-only caseloads; and that the 
number of unwed births has a disproportionate effect on the 
child-only caseload. 

Lessons in Organizational Adaptation 
from the American Federation of 
Teachers: A Historical Analysis
Amanda Khoe

Once a cornerstone of American democracy, today’s public 
education system is failing to equip many students for 
success in an increasingly competitive global economy. 
Underscoring the search for a panacea to fix the education 
crisis, conventional wisdom is that teacher unions are to 
blame for broken schools, allegedly because they place job 
security over student achievement. My research examines 
how one teachers union, the American Federation of Teachers, 
has adapted to the demands of its organizational environment 
in order to maintain its legitimacy in the modern education 
reform discourse and, more importantly, to project itself as a 
guardian of both teacher and student interests. The AFT has 
expanded and diversified its mission in response to political 
and social changes. Here, the organizational adaptations of 
the AFT are evaluated in light of its history and within the 
scope of the broader labor union movement.

Ancient DNA and Genetic Relations at 
a 4.000-year-old Archaeological Site 
(CA-CCO-548) in the California Delta                                                                      
Naomi L. Martisius

Ancient Northern California shows a distinctive 
burial pattern between 4500 and 2500 years ago, with 
coastal peoples burying their dead in flexed position 
and Sacramento Valley peoples burying their dead in 
extended position with the head pointing west. It has 
been hypothesized that Penutian speakers brought with 
them into the Sacramento Valley not only a distinctive 
burial style but also a unique genetic composition. 
Previous research with ancient mitochondrial DNA 
(aDNA) has suggested a common ancestry among coastal 
populations, while inland groups show a separate 
common ancestry. Recent excavations at a site near 
Brentwood, California, between the coast and Sacramento 
Valley, revealed over 500 burials from 3000-4000 years 
ago, with a mix of flexed and extended positions. Ten of 
each were tested for aDNA to determine haplogroups; 
these were also divided by gender. This aDNA analysis is 
an important strategy in increasing our understanding of 
ancient Californians and migrations. 
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Changing Winds: An Analysis of 
Right-Wing Political Rhetoric
Glenn Porter

There is a gap in the literature establishing connections 
between exogenous factors and the tone taken towards the 
“out-group” by extreme right-wing political parties. This 
paper addresses the issue of the national environment’s 
effect on right-wing party rhetoric. National environment, 
as I use the term, relates to various indicators, economic 
and immigration-related, that are used as independent 
variables. Rhetoric against the “out-group”, defined as any 
non-native group in a nation-state, is measured through 
a series of codings from election data from 12 European 
postwar democracies. I find statistically significant results 
for my hypothesis that a decline in economic conditions is 
related to increases in anti-out-group rhetoric. These results 
suggest that some rhetoric in right-wing parties’ platforms is 
based on increasingly negative perceptions of the out-group, 
with possible implications that right-wing parties utilize this 
rhetoric to match the median voter’s interests.

Infant-Directed Speech, not Melody, 
Facilitates Grammar Learning in 
Infants
Elizabeth J. Tremaine

Research has shown that music can help both infants and 
adults learn a set of lyrics. Melodies may facilitate infants’ 
lyric learning by eliciting their attention via notable pitch and 
rhythm variation. These characteristics are also representative 
of infant-directed speech, the sing-song language previously 
shown to facilitate language learning in infants. In this 
experiment, we investigated the ability of melody and infant-
directed speech to facilitate infants’ learning of linguistic 
information that is more complex than a simple set of lyrics. 
Fifteen-month-old infants were exposed to an artificial 
grammar presented either in a singing voice paired with 
melodies or in infant-directed speech. The results show that 
melody’s attention-eliciting ability is not sufficient to facilitate 
the learning of the grammatical patterns, while infant-directed 
speech successfully facilitates this learning. Infant-directed 
speech may be the speaking style best suited for the facilitation 
of complex linguistic learning in infants. 

The Role of Self-Worth in the 

Perception of Others
Lauren Jeanine Twietmeyer

Contrary to the ‘beauty is good’ theory, past research has 
suggested that attractive people may be at a disadvantage 
when being rated by someone of the same sex. The goal of the 
current study was to test the hypothesis that the bases upon 
which individuals stake their self-worth might play a role in 
these effects. Forty-seven college-aged students participated 
in this study by filling out the Contingencies of Self-Worth 
Scale (Crocker, Luhtanen, Cooper, & Bouvrette, 2003), in 
order to assess the bases of their self-worth. Participants 
were then asked to rate the likelihood that male and female 
photos, of varying attractiveness, possessed certain positive 
or negative traits. As predicted, females whose self-worth 
largely depended on their physical appearance tended to rate 
attractive female targets less positively, whereas male subjects, 
regardless of the bases of their self-worth, did not display this 
bias against attractive same-sex targets. 

Imperial Power in the Cave at 
Sperlonga: An Analysis of Hellenistic 
Revival in Rome
Cristina Urrutia

In the first century CE, Tiberius, the adopted son of 
Augustus and a member of the Julio-Claudians, ruled 
the Roman Empire. Like other Roman aristocrats, he 
expanded the villa at Sperlonga, Italy as a retreat from his 
duties in Rome and used its natural grotto for theatrical 
dinner parties. The reemergence of the earlier Greek 
Hellenistic style, which emphasized drama, pathos, and 
theatricality, can be seen at Sperlonga and in earlier Greek 
sculptures such as the Laocoon and the Altar of Pergamon. I 
examine how the revival of Homer’s and Virgil’s literature 
emphasized the connection between the geography of Italy 
and the heroic journeys of Odysseus and Aeneas. Four 
moments of Odysseus’ travels were transferred to grandiose 
sculptural programs decorating Tiberius’ cave at Sperlonga 
and the villas of other Roman elites. The sculptural and 
literary influences evident at Sperlonga ultimately reflected 
Roman imperial power.

Funding for Explorations was generously provided 
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About the cover: Tracy Caldwell Dyson, UC Davis Ph.D. alumna and advocate 
for undergraduate research, floats near the cupola observation window of the 
International Space Station during her 2010 mission. (Photo courtesy of NASA.)

http://undergraduateresearch.ucdavis.edu
Email: urc@ucdavis.edu
Phone: (530) 752-3390

http://undergraduateresearch.ucdavis.edu/explorations/


