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INTRODUCTION

“The sciences at Smith will provide transformative opportunities for all students to engage with real prob-
lems while empowering them to generate innovative solutions that benefit our world.”

Our vision for the future is grounded in a shared aim to “cultivate the scientist in the next generation of women
leaders.” Our strategic plan for the sciences (I7Zsion for the Future, 2015) builds on Smith College’s strength as a na-
tional leader in science research and education among liberal arts colleges. An increasing number of Smith

students study sciences. In 2015, forty percent of our current students declared a science major, a rate at least
double the national average for women. In disciplines in which women are most under-represented (e.g., computer
science), our students major at rates up to three times the national average. At Smith, our approach to education in
the sciences also represents a response to societal matters — lower female participation in STEM higher education
and later in work, as well as academic, economic, and political leaders’ advocacy of full representation of women in

all STEM fields as a matter of equity and good policy based on the benefits that flow from diversity.

Ensuring access for all. As its first principle of excellence, the Association of American Colleges and Universities’
Liberal Education and America’s Promise (LEAP; 2011) initiative tells us to “aim high—and make excellence
inclusive” (p6). For the sciences at Smith, we are guided by understanding that persistence and the best scientific
thinking emerge from healthy climates that promote and value a diversity of perspectives. As our strategic direction,
we work to address disparities in gender, racial, and socioeconomic representation in the sciences by pairing rigorous
learning expectations with robust support and community-building for our students.

Engaging with the world. Another essential principle of excellence in undergraduate education is to provide
opportunities for students to engage with big questions and tackle real-world problems that connect their knowledge
to solutions and action (AAC&U, 2011). At Smith, we are guided by the belief that interactions with bona fide
scientific problems connecting our students to the larger world facilitate the best learning. As our strategic direction,
the sciences at Smith will strive to engage our students with complex, real-world problems, ranging from local to
global, that are often best understood through the multiple disciplinary lenses of the liberal arts.

Strategic Directions Developing knowledge and skills. Research is a core practice
- - of scientific education at Smith College. We are guided by a
o Ensuring access shared understanding that best-practices pedagogies and faculty-
ﬁ for all student research collaborations will result in optimal learning
# u and future success for our students. As we move forward,

we build on evidence that through rigorous coursework and
undergraduate research opportunities that connect the work
of students with cutting-edge faculty scholarship, we develop

Engaging

with the world student mastery of the key concepts and competencies of our
disciplines.
- Developing Fortifying agency and identify. Persistence and success in

STEM rest not only on access, opportunity, and knowledge,
but also on the actions taken by individual women in particular
environments using specific social understandings. Smith
faculty adopt a guiding principle that students’ mind sets,
metacognition, and identity development are essential to

] i learning as well as professional and personal fulfillment. We
identity understand that through our cultivation of students’ agency,
confidence, and resourcefulness in learning, we will foster their
sense of identity as scientists.

knowledge and skills

Fortitying agency and

.. [ ]
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Undergraduate research is a high-impact educational practice in which the sciences at Smith have
considerable expertise. Research experiences and collaborative projects that occur in research labs, the Science
Center’s five multidisciplinary research centers, and our field research sites demand the applied and integrative
learning that deepens student engagement and learning (AAC&U, 2011). The sciences at Smith have a strong
history of providing meaningful research opportunities to students, with a thriving honors program, active faculty
research labs in which students participate as collaborators, and almost 50 years of a vibrant Summer Research
Fellowship (SURF) Program. Our students present their research in many venues, including at the annual campus-
wide Celebrating Collaborations exhibition and Swith in the World Conference, in public honors thesis presentations, and at
regional and national professional meetings in their disciplines. With at least one undergraduate student co-author
on a third of science faculty members’ peer-reviewed scholarship and SURF participation doubling the likelihood
of our students pursuing a graduate degree (data provided, Smith College Institutional Research, 2015), we believe

that challenging our students to work at the cutting edge of knowledge helps prepare them for their lives beyond
Smith.

Women in Science 2015 summatizes research done by Smith College’s Summer Research Fellowship (SURF)
Program participants. Ever since its 1967 start, SURF has been a cornerstone of Smith’s science education. In
2015, 162 students participated in SURF (153 hosted on campus and nearby field sites), supervised by 60 faculty
mentor-advisors drawn from the Clark Science Center and connected to its eighteen science, mathematics, and
engineering departments and programs and associated centers and units. At summer’s end, SURF participants were
asked to summarize their research experiences for this publication.

We have many reasons to be proud of our 2015 SURF researchers.

e SUREF researchers worked on some of the biggest research challenges of our times, including eradicating human
disease, reexamining human life and the earth around us at the nano-scale, documenting climate change and its
impact on the living world, testing and improving sustainable energy technologies, and developing materials and
testing methods not just for earth but also for use in space.

e SUREF research took place not just on the Smith campus, but in a wide variety of research settings in the wider
world: including, locally (study of local forests, wild life, and water courses at the Ada and Archibald MacLeish
Field Station in West Whately, MA and the study of building stones and waterfront plants on campus), nation-
ally (projects on the Atlantic and Pacific coasts with NOAA scientists), and internationally (examination of coral
reefs in Belize and Newfoundland, geological features in Australia and Scotland).

¢ Technical know-how, quantitative literacy, and presentation skills grew as students used state-of-the-art instru-
mentation, analyzed data with specialized software, and presented their results in lab meetings, posters, and con-
ference presentations. In lunchtime workshops, students developed personal narratives and made presentations
to peers and visitors.

e SUREF students learned how to work with mentors and peers and, for some, across the boundaries of academic
disciplines with other research teams. More experienced undergraduate researchers learned how to mentor oth-
ers and take on research leadership roles.

We are excited about what SURF participants say they learned from SURE!
e SUREF research deepens students’ understanding of research. They discover that scientific research requires
flexibility and creative problem-solving, patience, and persistence.
“It is clearer and clearer that being a scientist does not mean knowing everything, but means having the conrage to face the
unknown and the determination to reveal it.”
- T learned to think of as many angles as possible from which to examine something, and then think of even more
that I hadn't considered the first time around. 1 learned to identify and ignore my assumptions, as they would affect what
patterns I noticed.”
- T learned to add to and tailor [published experimental methods| to best suit my experiments.”
- %A Swith professor once told me that learning is first confronting the difficult parts, struggling and then having that ‘ah-ha’
moment |and] the sweet relief of finally figuring out the puzzle ...”
—_ “This summer taught me abont how much patience science can require, but also how exciting and rewarding it can be to mafke
.. new discoveries.
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- ] learned that it is important to pay attention to small details, becanse when people ignore subtle details they can miss things
that are very important”
- T learned how to bounce back when experiments fail or they don't go the way you want them to.”

e FEach student commits substantial time to SURF research: typically, 30-40 hours per week for 8-10 weeks of the

summet.
“Summer research is more intense than during the academic year. 1 enjoyed putting my whole day into doing research.”

- “Twas able to learn more during summer research because I was able to be more fully immersed in my project with more time
and [fewer] distractions.”

- ] spend A LOT more time in lab in the summer when I'm not juggling classes, 1 A-ing, and [going] to extra jobs.”

- T learned that hard work does pay off and even when it seems as thoungh you have not accomplished anything on your project,
you have done more than you think.”

- “[Field work takes a lot more time and effort than I originally perceived.”

- “[TThe sheer amount of time we spent immersed in lab was very valuable to my understanding of what research really entails.”

* Many students make a distinct contribution to a collaborative research project with a faculty member and often

a joint publication is prepared.

- T will be presenting my SURF research in a talk at Smith, a poster session (or talk) at a national conference as well as
submitting a peer-reviewed article for publication.

- “With the upcoming submission of a manuscript derived from my undergraduate thesis, including additional data I collected
this summer ..., 1 will have ... executed what 1 intended to do with my SURFE project.”

- “The paper that [my professors] and I hope to write is intended to serve as a guide for anyone interested in constructing a system
Similar to what we have made.”

* In many cases, SURF research contributes to the particular student’s honors thesis or continues as a special
studies project.
- “Becaunse of my SURF experience, 1 feel more prepared abont my senior year thesis.”
“SUREF enabled me to learn a totally new technigue that ... will be the foundation for my thesis investigation.”

¢ Students discover the social aspects and interpersonal skills involved in research teamwork, as well as the value

of communication.
“[T]his summer, 1 really came to understand the true value of teammwork in a research setting. ... [We are strongest and most
productive, and have the most fun, when we are working together with open minds.”

- T ... learned that when working with a research teanm ... communication is of the utmost importance.”

- “Working in the same room as my coworkers not only let me practice communication and acclimate to a full-time working
environment, but also built great relationships.”

- T learned how to present the same information in multiple ways, so that my project would be comprebensible to my advisor, to
my classmates, and even to friends with very little science background.”

- “The nature of my work pushed me to articulate my ideas and understanding in a succinct manner.”

¢ SURF is where students find direction for graduate school and future careers.
“ISURF research] definitely inspired me to continue to pursue research as a career.”
“My SURF research experience was exactly what I had hoped for. I was able to discover my interest in research and my desire
to go to graduate school is stronger now.”
- “This summer I was able to work independently on my project in |a research] laby this was a great introduction to what life as
a graduate student will be.”

"The comments ate drawn from two surveys SURF participants completed in August 2015. First was a Smith survey (unpublished) in
which students were asked what they had learned and how they expected to build on their SURF experience. Second was the SURF 111
national survey administered by Grinnell College (Smith student comments extracted from an anonymous summary provided by the
survey administrators). See the following reports of the SURF survey data across a large number of colleges and universities: Lopatto, D.
(2004). Survey of Undergraduate Research Experiences (SURF): First Findings. Ce// Biology Education, 3, 270-277 and Lopatto, D. (2007).
Undergraduate research experiences support science career decisions and active learning, CBE - Life Sciences Education, 6, 297-300.

.. [ ]
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We are pleased to recognize the generous contributors who provided funding for the 2015 Summer Research Fellowship (SURF)
Program and extend our deep appreciation to them.

Agnes Shedd Andreae 1932 Research Internship Fund Frances Baker Holmes Internship Fund

Alumnae Gift Fund in Chemistry Howard Hughes Medical Institute

American Chemical Society* Margaret A. Walsh Grantham Fund

B. Elizabeth Horner Fund in the Biological Sciences Nancy Kay Holmes Fund

Blakeslee Fund in the Biological Sciences National Institutes of Health*

Branta Foundation Grant National Science Foundation*

Dr. Marianne Tsuk Schiffer A.M. 1958 & National Institute of Standards & Technology
Dr. John P. Schiffer Endowed Fund Schultz Foundation

Ellen Borie Fund in Mathematics and Statistics Susan M. Rambo 1905 Fund in Mathematics &
Emma Bell Hauch Fund Statistics

* Individual research grants to faculty members (include funds available to support SURF student research collaborations)

Smith College offices and units:

Center for the Environment, Ecological Design & Sustainability (CEEDS)
Committee on Faculty Compensation and Development (CFCD)
Provost’s Office

Facilities Management

Some undergraduates were able to participate in summer research internships away from campus with support
from the PRAXIS Internship Program.

We wish to recognize and express gratitude to the faculty members and staff who provided supervision, guid-
ance, encouragement and support to SURF participants in the lab, doing field research, on-campus, and away
from campus. SURF would not be possible without your devoted and generous contributions.

Thank you, Smith College students, faculty, staff, friends, and benefactors. It truly takes a diverse and
dedicated community to sustain a program like SURE.

Margaret Lamb, Ph.D,
Administrative Director, Clark Science Center

.. [ ]
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]
Table of Research Topics (Classified by Supervisor’s Field of Study)

Astronomy
Name Advisors Project Title
Wanda Feng Suzan Edwards Mass Accretion and Ejection of T Tauri Stars
Biochemistry
Name Advisors Project Title
Emily Boerger Elizabeth Jamieson Base Pair Opening Rates in Cisplatin-DNA Adduct
Emmie Knobloch Diane Bienek, Assessing Cell Growth on an Airbrushed Chitosan Wound
Material Measurement Dressing
Laboratory, NIST
Natalie Kolber Stylianos Scordilis Investigating the Molecular Interactions of Heat Shock
Protein 25
Arcadia Kratkiewicz Stylianos Scordilis Development of Immunoprecipitation Protocol for
Determination of Phosphorylation States of Creatine Kinase
Isoforms Throughout C2C12 Myogenesis
Madeleine Sutherland Christine White-Ziegler Size Matters Not: sSRNA’s in Thermoregulatory Pathways in

Escherichia coli

Biological Sciences

Name Advisors Project Title

Youngjoo Ahn Danielle Ignace Ecological Consequences of Invasive Pests on Eastern Hemlock
Population

Katrina Anderson Michael Barresi Radial Glia in the Central Nervous System

Margarita Arellano-Murgo Michael Barresi Characterizing Cell Types That Express PAX3.2

Mary Badger Laura Katz Investigating Marine Ciliate Tide Pool Communities

Kathryn Berg and Michael Barresi The Role of Canonical Wnt Signaling in the Zebrafish

Gina Cho Pharyngeal System Development and its Implications in

Regards to Naphthalene-Induced Teratogenesis

.. L
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Biological Sciences (wontinued)

Name

Kate Brien

Kyle Boyd

Noemi Collazo
and Alysha Putnam

Daniela Deny

Ria Deshpande
Amalia Driller-Colangelo
Ashanta Ester

Aliza Boles Fassler
Anna George
Jessica Haskins

Michelle Jackson

Doris Juarez
Jazmyne Keane
Caroline Keroack

and Kalani Williams

Lydia-Rose Kesich

.%)menScience 2015

Advisors

Steven Williams

Danielle Ignace

Paulette Peckol

Christine A. White-Ziegler

Nathan Derr
Nathan Derr
Steven Williams

Jesse Bellemare

Jesse Bellemare

Robert Merritt

Jesse Bellemare

Laura Katz

Lisa Mangiamele

Steven Williams

Nathan Derr

Project Title

Testing a PCR-Based Diagnostic Test for Dengue Virus

Assessing Seasonal Photosynthetic Function of Dominant
Species Post-Clearcut

Intertidal Bully: Introduced Litforina littorea Interferes with Native
L. obtusata

Biofilm Formation in Uropathogenic Escherichia coli at Various
Temperatures

Comparing the Yeast and Human Microtubule Binding Domains
The Biophysics of Motor Protein Ensemble Motility
Natural Acquisition and Identification of Microbiota in Foals

Macrofungi Richness and Forest Floor Characteristics in
Hemlock vs. Black Birch Forest Plots

Using Horticultural Escape and Naturalization to Better Define
Plant Species Fundamental Niches

Investigation the Inversion Polymorphism on the
X-Chromosome

Potential Effects of Eastern Hemlock (T'suga canadensis)
Decline on the Hemlock-Associated Liverwort Bagzania

trilobata

Phytoplankton Microcosm: an Oceanic Study on Algae
Blooms and Ciliate Community Composition

Effect of GPR30 Receptor Activation on Male Goldfish Mating
Behavior

Possible Host Switching in Seal Heartworm (Acanthocheilonema
spirocanda)

Applying Cre Recombinase Technology to Single-Cell Systems

15

20

21

22

23

25

27

28

29

30

31

33
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Biological Sciences (continned)

Name

Seneca Lee

Jessica Magri

Jiaqi Mei

and Zuliat Owoade
Cadence Miskimin
Jessica Morgan
Vivian Mortis

Abby Onos

Natalie Phillips

Katherine Pielmeier

Olivia Pilling
and Anna Rogers

Julia Reier

Caitlin Schneider
Allison Sirois
Liz Tan

Monica Wilson

Jinyi Yang
and Yuri Lee
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Advisors

Lisa Mangiamele

Cait Kirby
and Robert Merritt

Laura Katz

Nathan Derr

Nathan Derr

Michael Barresi

Michael Marcotrigiano

and Gaby Immerman

Laura Katz

Virginia Hayssen

Laura Katz

Christine White-Ziegler

Michael Barresi

Sarah Moore

Robert Merritt
and Laura Katz

Laura Katz

Danielle Ignace

Project Title

Observation of Male Typical Sex Behaviors in Goldfish
Influenced by Prostaglandin F2«

Study of the Xg28 Inversion Polymorphism in Euthetians
Tree of Life: Bioinformatics Pipeline
Understanding Total Internal Reflection Fluorescence and

Constructing a TIRF Microscope

Rigid or Not So Rigid: The Effect of Two Different Molecular
Frames on the Processivity of Motor Protein

Slit-Roundabout Signaling in Commissure Formation during
Zebrafish Forebrain Development

Native Species Restoration Plantings Along the Smith College
Waterfront

Biodiversity and RNA Editing in Testate Amoeba

The Effects of Diet and Development on Basal Metabolic
Rate in Canidae and Leporidae

Protein Evolution in Ciliates

Temperature regulated mechanisms in Escherichia coli

The Diencephalic Glial Bridge is Made Up of a Heterogeneous
Population of Astroglia

Engineered Therapeutic and Diagnostic Proteins Targeting
Tumor Biomarker Mesothelin

Phylogenetic Analysis of the Morphospecies Rhipsalis baccifera

Cryptic Diversity within Testate Amoeba and Genome Mapping

Understanding the Interaction Between Two Invasive Pests on
Hemlock Trees

34
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36

37

38

39

40

42

43

45
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48
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Chemistry

Name Advisors Project Title

Quinn Anex-Ries Maren Buck Stimuli-Responsive Polymeric Biomaterials for Controlled Drug
Release

Noah Blohm David Bickar Salivary Dopamine in Parkinson’s Disease

Hana Cha David Bickar Detection of Human Salivary Dopamine in 24-hour cycle

Anna Carroll Maren Buck Synthesis and Analysis of Polymer Hydrogel Biomedical

Charnice Charmant

Kate Queeney

Materials

The Simultaneous Nanoscale Control of Surface Chemistry and
Surface Topography on Si(100)

Peishan Chen David Gorin Ethoxylation of Indole and Its Derivatives by Ethylene
Carbonate as a Greener Reagent
Luojun Dong Elizabeth Jamieson Investigation of the Base Pair Opening for Spiroimino-

and Cristina Suarez

dihydantoin (Sp) DNA Lesions

Katherine Graham- David Bickar Design and Synthesis of an Oxazole-Cyclic Peptide

O’Regan

Clare Jacobson David Gorin Aecrobic Copper-Catalyzed Methylation of Aromatic C-H
Bonds Using Methylboronic Acid

Ariel Li Kevin Shea Synthesis and Purification of 2,6-Diisopropylcyclohexanol
for Use as a Potential Anesthetic

Kelsey Mack Kate Queeney Chemical Patterning of Nanoscale Surfaces

Nomfuneko Mafunda Kate Queeney Chemical Patterning of Nanoscale Surfaces

Noelia Martinez-Mufioz ~ David Gorin O-Methylation using Dimethyl Carbonate: Mechanistic Studies

Alexandra Maryashina Robert Linck Distortion in Mn(CO),X Compounds

Rene Maserati David Bickar Investigating the Effect of Lacmoid on Amyloid Fibril
Formation Using FTIR

Katie McGeough Kevin Shea Extraction and Functionalization of Neurolenins from
Neurolaena lobate

Megan Neubig Robert Linck Understanding the Acidity of 1,3-dithiane

Jingyi Sui Robert Linck Linkage Isomerization from Nitrito to Nitro of Cobalt(III)
and Iron (0)

Yingchuan Zhu David Gorin Copper-Catalyzed Methylation of Phenol with Methyl

.%menScience 2015
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Computer Science

Name Advisors Project Title

Marina Cheng Ileana Streinu In Silico Extraction of Large Proteins’ Property Information 77

Yumeng Wang Eita Mendelowitz Global Proverbs: an Online Database for Computational 78
Paremiology

Engineering

Name Advisors Project Title

Claire Adams, Borjana Mikic Equipping the Designlab@Smith to be a More Collaborative 79

Cindy Li, Cecely Ogtren Space for Students and Faculty

and Zigiu Zhang

Leen Hayek Judith Cardell Investigating Renewable Energy Potentials in Jordan 89

Xi (Wendy) Jiang Susan Voss Wide Band Acoustics Immitance Database 816

Ayesha Khan Sarah Moore Engineering Proteins to cross the brain-blood barrier for 82
targeted therapy in the CNS

Grace Lee Judith Cardell Demand Response 84

Annie Murillo Susan Voss Wideband Acoustic Immitance 85

and Audrey Ong

Julieanna Niu Denise McKahn Design and Testing of PEM Fuel Cell Stacks for Meteorological 86
Balloons

Cecely Ogren Borjana Mikic Design Thinking 87

Anna Partridge Denise McKahn Extracting Energy From Forest Residues Using Biomass 88
Conversion Technologies

Deepal Patel Sarah Moore Engineering Theranostic Protein for Tumor Biomarker 89

and Elsie Odhiambo Mesothelin

Allison Sirois Sarah Moore Engineered Therapeutic and Diagnostic Proteins Targeting 90
Tumor Biomarker Mesothelin

Sara Stoudt Antonio Possolo, Statistical “Big Force” Calibrations: An Errors in Variables Approach 92

ﬁ)menScience 2015
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Engineering (continned)

Name Advisors Project Title
Angela Upreti Judith Cardell Potential Methods for Data Anonymization 93
Jin Rui Yap Judith Cardell Wind Power Integration and Smart Grids 94
Zoe Zandbergen Glenn Ellis Through My Window: Imaginative Education and Teaching 95
Through Narrative
Ziqiu Zhang Borjana Mikic Prototyping Tools to Support Creative Collaboration 96
and Design Thinking in the Classroom
Ning Zhu Judith Cardell A Study of Load Prediction in Demand Response 97
Environmental Science & Policy
Name Advisors Project Title
Siiri Bigalke L. David Smith Creating Resilient Communities: Habitat Restoration and 98
and Douglas Harper, Climate Change Monitoring in the Hawaiian Islands
National Oceanic and
Atmospheric Administration
(NOAA), Office for Coastal Management
Riley Gage, L. David Smith, Coral Reef Ed-Ventures Program 99
Elena Karlsen-Ayala, Denise Lello, Al Curran,
Emily Volkmann, and Miguel Alamilla, Jr.,
Laura Henry, Hol Chan Marine Reserve
Shabnam Kapur and
Mandy Castro
Julia Graham Daniel Farrow, National Bringing Narrative Maps to NOAA’s Habitat Focus Area Initiative 101
Oceanographic and
Atmospheric Administration (NOAA);
Robert Newton
Shabnam Kapur L. David Smith, Coral Reef Ed-Ventures Program 102
Denise Lello,
Al Curran and
Miguel Alamilla, Jr., Hol Chan Marine Reserve)
Anastasia Konefal Robert Newton The Effects of Nutrient Addition and Predator Exclusion on 103

ﬁ)menScience 2015

and Jameal Samhouri, Epiphyte Loads on Artificial Seagrass Units

National Oceanic and

Atmospheric Administration (NOAA)
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Environmental Science & Policy (cwnsinued)

Name

Kimberly Lu
Danielle Opatovsky
Grace Peralta
Andrea Schmid

Geneva Strauss-Wise

Celeste Venolia

ﬁ)menScience 2015

Advisors Project Title

Anne Wibiralske Operational Oversight at the National Oceanic and
and Merriam Nortis, Atmospheric Administration

National Oceanic and

Atmospheric Administration (NOAA)

L. David Smith and Communicating Marine Protected Areas: Using Story Maps
Anne Wibiralske and Online Tools to Share Information about MPAs

and Mimi D’iorio, National

Oceanic and Atmospheric Administration (NOAA)

Anne Wibiralske Consistently Key Habitat Variables on Rocky and Coral Reef
and Todd Kellison, Fish Assemblages

National Oceanic and

Atmospheric Administration (NOAA)

Camille Washington-Ottombre Environmental Resilence: A Three-Part Interdiscipinary Study

Steven Moga Architecture and Urbanism CEEDS Campus Space Planning]
Survey of Study Space on the Smith College’s Campus

L. David Smith Using Otoliths to Establish an Age-Length Ratio for Silver Hake
and Harvey Walsh and Katey  (Merluccins bilinearis) in the Northwest Atlantic

Marancik, National Ocean

and Atmospheric Administration (NOAA)

Vii
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Geoscilences

Name

Elias Bergman
Sarah Dester

Emily DiPadova

Maya Domeshek

Kimberly Du

Hannah Francis

Clementine Hamelin

Tessa McGann

Mia Ndama

Molly Peek

Marcia Rojas

Emma Roth

Lizzie Sturtevant

Lyn Watts

Jane Weinstock

Advisors

Jack Loveless
Bosiljka Glumac

Mark Brandriss

Robert Newton

Sara Pruss

Amy Rhodes

John Brady

Sara Pruss

Robert Newton

Robert Newton

Robert Newton

Sara Pruss

Robert Newton

Robert Newton

Robert Newton

Landscape Studies

Name

Laura Krok-Horton

.%)men

Science 2015

Advisors

Reid Bertone-Johnson

Project Title

Investigating Slow Slip Events with GPS Velocities
Creating a Guide to Building Stones on Smith College Campus

Metamorphism and Assimilation of Xenoliths of the Cuillin
Centre, Isle of Skye, Scotland

Metal Content of Paradise Pond Sediments

Searching for Potential Microfossils from the Bitter Springs
Formation, Australia

Salty Bogs: A Baseline Analysis for CEC and ESP Percentage
of Peat

Relative Element Mobility in Pseudomorphs after Lawsonite
from the Schists of Syros, Greece

New Archaeocyathan Reefs and Chemostratigraphy of the Lower

Cambrian Wood Canyon Formation, Death Valley, USA\
Pond Project

Assessing the Risk of Sluicing on the Biotic Health of the
Mill River

Sedimentation in Paradise Pond

The Advent of the Coral Reef: Animal Abundance in Upper
Ordovician Lourdes Formation Reefs, Western Newfoundland

Management of Sediment Accumulated in Paradise Pond,
Smith College

Sediment Movement and Accumulation in Paradise Pond

Sand Transport and Dynamics at Popham Beach, Central
Coastal Maine

Project Title

Design and Construction of a Parking Lot, Testing Various
Permeable Materials at the Ada and Archibald MacLeish Field
Station in Whately, MA

113

114

115
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117

118
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123
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Mathematics and Statistics

Name

Sara Kacmoli

Ellie Mainou

Megan Perry

McCleary Philbin

Statistical and Data Sciences

Name
Jing Xia
Neuroscience

Name

Katrina Blandino
Katherine Freitas

Erin Walch

Wanqi Wang

Physics
Name

Darby Bates
Suroor Seher Gandhi

Lucy Liang
He Claudia Yun
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Advisors

Nessy Tania
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Mass Accretion and Ejection of T Tauri Stars

Wanda Feng/2015

The major questions in star formation involve understanding how stars form from interstellar matter, how young stars evolve and
interact with their surrounding medium, and how they reach the main sequence stage of stellar evolution. A star that is of particular
interest is the Sun, which is a low-mass star that is about 5 billion years old. Investigating how the Sun formed and how the solar
system developed relies heavily on the study of young, low-mass stars. The study of T Tauri stars is crucial to answering these
questions. This project, an extension of my senior thesis, addressed determining mass accretion and ejection rates.

This study involves 20 T Tauri stars, which were observed with the High-Resolution Echelle Spectrometer (HIRES) on the W. M.
Keck I telescope at Mauna Kea Observatories, Hawaii. The majority of the stars were observed in 2006. To obtain an accurate profiles
for each emission line, “contaminants” in the form of absorption lines due to the Earth’s atmosphere and the stellar photosphere - the
outer layers of the stellar atmosphere - were removed.

T Tauri stars undergo accretion of material from their surrounding disks. Several hydrogen emission lines were used to calculate
mass accretion rates: H @ (A = 6563 A); Paschen ® (A = 10938 A); and, Paschen B (A = 12822 A). The observed strength of emission
for these lines was used to calculate line luminosities. Published calibrations were used to determine accretion luminosities, the excess
emission attributed to accretion shocks, from the line luminosities. The mass accretion rates were determined from the accretion
luminosity and stellar parameters. The 20 stars in this sample accrete material at rates between log -9.12M__yr' and log -5.09 M__yr".

As the stats accrete material, matter is simultaneously ejected from bipolar jets and disk winds. Forbidden lines, particularly
that of oxygen [O I] A 6300 A, have long been recognized as mass outflow tracers due to their blueshifted emission. By fitting these
line profiles with Gaussian functions, it is possible to distinguish high and low velocity components. The high velocity components
originate in bipolar jets and are used to determine mass ejection rates. The 20 stars in this sample eject material from bipolar jets at
rates between log -7.69 M__yr' and log -6.44 M__yr'.

(Supported by the Schultz Foundation)
Advisor: Suzan Edwards, Astronomy

1, Hartigan, P, Edwards, S., & Ghandour, L. 1995, Astrophysical Journal, 452, 736

2, Rigliaco, E., Pascucci, 1., Gorti, U., Edwards, S., & Hollenbach, D. 2013, Astrophysical Journal, 772, 60
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Base Pair Opening Rates in Cisplatin-DNA Adduct

Emily Boerger/2016

Since receiving FDA approval in 1978, the anti-cancer drug cisplatin, has been used to treat testicular, ovarian, bladder and lung
cancers successfully. Although the mechanism by which cisplatin kills cancer cells is not completely understood, many labs have been
trying to elucidate this mechanism since its discovery. Cisplatin, a platinum based drug, enters cells through passive diffusion where
it is hydrolyzed to form a morte active compound.! The platinum component binds and cross-links with DNA at a GG base pair site,
creating a lesion, which is then recognized by nucleotide excision repair NER) enzymes.! NER uses proteins to remove 24-32-mer
fragments from the damaged DNA. It has been shown that NER proteins bind with higher affinity to platinum damaged DNA,
however, how the proteins recognize the platinum damaged DNA is unclear.! This summer I began focusing on the base pair opening
rates in cisplatin damaged DNA through NMR analysis using a 9-mer DNA oligonucleotide.

DNA, whether damaged or not, is in a constant equilibrium of an open and closed state. It is known that the base pair opening
rates vary in damaged and non-damaged DNA, and hypothesized that this is a contributing factor to protein recognition of the
damaged DNA in repair pathways.”? Using NMR analysis, quantitative data will be gathered on the base pair opening rates in a control
DNA 9-mer and a cisplatin damaged DNA 9-mer, helping to form a conclusion about repair proteins recognition of the cisplatin-
DNA adduct.

HPLC Preparation and purification of a cisplatin damaged 9-mer began as the 9-mer control was analyzed. This time consuming
preparatory step produced about half of the mM concentration of lesioned DNA necessary to perform NMR experiments. Data
from the literature used NMR of the imino region to suggest that DNA with a lesion, such as platinum, is less stable at higher
temperatures than its control.> A temperature study was completed on the 9-mer control (Figure 1) and will be compared to the
cisplatin 9-mer once it is made.

The temperature and base pair opening rate studies of the DNA 9-mer will continue into the fall, hopefully leading to an honors
thesis.

(Supported by the Howard Hughes Medical Institute)

Advisor: Elizabeth Jamieson, Biochemistry

1. Jamieson, E., Lippard, S., Structure, recognition and Processing of Cisplatin-DNA Adducts. Journal of Chemical Review, 99, (2467-2498).

2. Wenke B, Huiting L, Frankel E, Lane B, Nafiez M. Base Pair Opening in a Deoxynucleotide Duplex Containing a cis-sy Thymine
Cyclobutane Dimer Lesion. Biochemistry [serial online]. December 24, 2013;52(51):9275-9285

3. Julien, O., Beadle, J., Magee, W., Chatterjee, S., Hostetler, K., Evans, D., & Sykes, B. (n.d). Solution Structure of a DNA Duplex
Containing the Potent Anti-Poxvirus Agent Cidofovir. Journal Of The American Chemical Society, 133(7), 2264-2274
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Figure 1: Temperature studies of the 9-mer control guanine and thymine imino protons from 5-40°C.
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Assessing Cell Growth on an Airbrushed Chitosan Wound Dressing

Emmie Knobloch/2017

CFU/ml

Chitosan is a polysaccharide derived from chitin, a component of crustacean shells. It is known to have hemostatic and antibacterial
properties, and is a common component in wound dressings. When combined with polymers such as poly(lactic-co-glycolic acid)
(PLGA) and polyethylene glycol (PEG) in solvent, it forms a solution that can be easily airbrushed directly onto a number of surfaces
and has potential for a self-adhering, easily administered wound dressing with healing properties. The purpose of my project was to
assess the in vitro growth and activity of keratinocytes grown on airbrushed nanofiber scaffolds containing chitosan and to quantify
their antimicrobial properties.

The effects of these scaffolds on cell growth and healing were assessed by growing cells, specifically rat keratinocytes, on samples
of this material containing a range of 0-10% dry weight of chitosan, and either 0% or 15% PEG. Their growth and metabolic activity
over a period of nine days were measured using a number of methods, including WST cell proliferation assays, PicoGreen assays, and
RT-PCR. The antimicrobial properties of the scaffolds were assessed by inoculating samples of chitosan-polymer scaffolds with a
culture of Streptococcus mutans and incubating for two hours. The number of living bacteria was then determined via a count of
colony-forming units (CFU) from cultures of these samples grown on agar (Figure 1). Hemcon, a commercially available chitosan
wound dressing, was included for comparison as a positive control.

This range of analyses provides a comprehensive view of the cells’ behavior and enables predictions about how a wound in vivo
would likely react to such a wound dressing. Initial results indicate that those sample groups containing chitosan or PEG do not
exhibit increased cellular toxicity when compared to those without. Groups containing PEG do have visibly increased antibacterial
properties compared to those without, however. Further investigation and analysis is necessary, but these results show promise for the
development of a novel wound dressing with low cytotoxicity and significant antibacterial properties.

(Supported by the National Institute of Standards and Technology)
Advisor: Diane Bienek, Material Measurement Laboratory, NIST
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Figure 1: Fewer colony-forming units were found on nanofibers containing PEG and chitosan.
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Investigating the Molecular Interactions of Heat Shock Protein 25

Natalie Kolber/2017

Heat shock proteins (HSPs) are a family of stress-response proteins that prevent the aggregation of misfolded proteins in the cell.!
They ate therefore tantalizing therapeutic targets for the treatment of a variety of diseases caused by the accumulation of misfolded
protein aggregates. Murine HSP25 and its human analog HSP27 in particular have been shown to reduce the accumulation of protein
aggregates in models of Huntington’s and Alzheimet’s disease.” Furthermore, the anti-apoptotic effects of HSP25/27 have been
shown to reduce cell death in the face of a wide variety of insults, from oxidative stress, to cytotoxic drugs, to hyperthermia.?

Protein was extracted from the biceps brachii muscles of mice and probed for HSP25 via Western blot (Fig 1). While this
indicated that the protein was present and could be detected by our antibody, Western blotting requires that proteins be denatured and
hence rendered inactive. It therefore cannot determine interacting proteins. To determine which other molecules interact with HSP25
in vivo, a protocol for magnetic co-immunoprecipitation is under development. In a co-immunoprecipitation assay, beads are coupled
to an antibody against the target protein, generally via protein A or G. Cell lysate is then applied to the coupled bead, and the target
protein (along with its various binding pattners) binds to the bead.” Our protocol uses magnetic beads, allowing the bead-antigen
complex to be separated out from the cell lysate using a magnet rather than chemical precipitation.

Developing a co-immunoprecipitation protocol for HSP25 is particularly difficult due to the fact that the molecule is of the same
size (25 kilodaltons) as the light chain of the IgG antibody. Hence, when proteins ate eluted off the surface of the magnetic bead,
special precautions must be taken to ensure that the antibody is not eluted along with the antigen, as the two are indistinguishable on
a protein gel. Initially, dimethyl pimelimidate dihydrochloride was tried as a coupling agent to covalently link the antibody molecule to
the protein G on the bead surface. As this proved unsuccessful, the protocol currently under development involves biotinylating the
antibody and covalently coupling it to streptavidin-coupled beads.

The development of a successful co-immunoprecipitation protocol involves continuous adjustments, multiple checks of quality
control, and the acquisition of additional antigen in the form of mouse muscle extract. This process will continue in the fall semester
as a special studies in the biochemistry department.

L R T AR

Figure 1. Western blot of mouse biceps brachii probed with anti-HSP25 antibody. From left to right: molecular
weight standard, 5 ng recombinant HSP25, 2.5 ng recombinant HSP25, 20 ng whole extract, 20 ng pellet, 20 ng
supernate.

(Supported by the Howard Hughes Medical Institiute)
Advisor: Stylianos Scordilis, Biochemistry

1. Smith, H. L., Li, W,, and Cheetham, M. E. (2015) Moleculat chaperones and neuronal proteostasis. Sezzin. Cell Dev. Biol. 40, 142—152
2. Stetler, R. A., Gao, Y,, Signore, A. P, Cao, G., and Chen, J. (2009) HSP27: mechanisms of cellular protection against neuronal injury. Curr. Mol. Med. 9, 863—872
3. Lee, C. (2007) Coimmunoprecipitation assay. Mezhods Mol. Biol. 362, 401-406
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Development of Immunoprecipitation Protocol for Determination of
Phosphorylation States of Creatine Kinase Isoforms Throughout C2C12
Myogenesis

Arcadia Kratkiewicz/2016

I am developing an immunoprecipitation (IP) protocol, to elucidate the phosphorylation states of three of the creatine kinase (CK)
isoforms during C2C12 myogenesis to understand CK regulation. The C2C12 murine myoblast cell line' serves as an 7z vitro model
of muscle repair after injury, as well as skeletal muscle development. Undifferentiated myoblasts fuse, become multinucleate early
myotubes (EM), and develop into spontaneously contracting late myotubes (LM). CK is an important ADP phosphorylating enzyme
in cellular energy homeostasis, and exists in multiple isoforms, including the muscle isoform CK-M, the non-muscle isoform CK-B,
and the sarcomeric mitochondrial isoform CK-MT2.2

Three methods of IP using magnetic nanoparticles (Nvigen MagVigen Protein-G Nanoparticles) were tested with anti-CK-B IgG
(DSHB). First, the antibody was bound and cross-linked to the nanoparticles with dimethyl pimelimidate dihydrochloride. Mouse
skeletal muscle extracted in RIPA buffer was pre-cleared with fresh nanoparticles. This extract was incubated with the antibody-
cross-linked-nanoparticles, the nanoparticles were separated from the supernatant with a magnet, and the bound protein was eluted.
The eluate, as well as the supernatant and washes, was analyzed for protein using SDS-PAGE (Figure 1a). The presence of CK-B
was expected, but no protein was visible. The IP was repeated without cross-linking the antibody. Pre-cleared muscle extract was
incubated with the antibody, and then with the nanoparticles. The nanoparticles were separated from the supernatant and bound
protein was eluted and analyzed with SDS-PAGE. Antibody and CK-B were expected, but no protein was seen in the eluate,
indicating that either the protein was not binding to the nanoparticles or that it was binding but not eluting (Figure 1b). To test this,
the protocol was repeated with only the antibody and no muscle extract. After incubation with the nanoparticles, IgG was still present
in the supernatant and none in the eluate, indicating that it was not binding to the protein G on the nanoparticles (Figure 1c). A third
IP protocol was tested, with the antibody and nanoparticles incubated together first and then with the muscle extract. The antibody
was seen in the eluate (Figure 1d).

I will continue this project with a senior honors thesis. Once optimized, IP will be used to isolate the three isoforms of CK from
each stage of C2C12 myogenesis for analysis by LCMS to determine their phosphorylation state. The results will be verified using
2-dimensional gel electrophoresis.

(Supported by the Howard Hughes Medical Institute)
Advisor: Stylianos Scordilis, Biochemistry

1. Yaffe, D and O. Saxel. Serial passaging and differentiation of myogenic cells isolated from dystrophic mouse muscle. Nature. 270 (1977): 725-727.

2. Wallimann, T., M. Wyss, D. Brdiczka, K. Nicolay, and H. M. Eppenberger. Intracellular compartmentalization, structure and function of creatine kinase isoenzymes in

tissues with high and fluctuating energy demands: the ‘phosphocreatine circuit’ for cellular energy homeostasis. Biochem. |. 281 (1992): 21-40.
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Figure 1. SDS PAGE analysis of IP protocols. E=cluate. 1a. No proteins scen in the eluate of the protocol cross-linking the
antibody to the nanoparticles. 1b. No protein seen in the eluate of the protocol without cross-linking. 1c. No antibody eluted when
testing the IP with only the antibody. 1d. IgG eluted when nanoparticles first incubated with antibody.
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Size Matters Not: sSRNA’s in Thermoregulatory Pathways in Escherichia coli

Madeleine Sutherland /2016

Temperature is a majot cue Escherichia coli uses to modulate gene expression and adapt to new environments.! Small regulatory RNAs
offer another level of regulation by altering mRNA stability or translation. The commensal E. co/i K-12 genome contains 80 small
non-coding RNAs (sRNAs),? around forty of which have been confirmed in uropathogenic E. cw/i (UPEC).> My project explored if
sRNAs that control thermoregulated genes are temperature regulated.

Using qRT-PCR, I measured relative expression of sSRNAs in both commensal and uropathogenic bacteria shifted from 23°C
to 37°C (human body temperature). In UPEC, I found that the sRNAs GadY, MicC, OmrA and RprA all show = 2-fold change in
gene expression by four hours after upshift to 37°C. In K-12 1 found that MicC and MicF are inversely thermoregulated (Fig. 1) and
confirmed the regulatory pattern of the GAD genes (Fig. 2).

In a time course, the sSRNAs MicC and MicF, which downregulate the outer membrane proteins OmpC and Ompl respectively,
show opposing thermoregulatory patterns (Fig. 1). The downregulation of MicC matches with known upregulation of OmpC — this
is important because OmpC is implicated in antibiotic resistance.* Second, the glutamate-dependent acid resistance pathway is slightly
up and then downregulated at 37°C, suggesting a role for the sSRNA GadY in this thermoregulatory response (Fig 2).

The confirmed thermoregulated sSRNAs all regulate pathways where the protein-coding genes are thermoregulated, as shown by
previous RNA-Seq data; thus, my research shows that SRNAs may play an important regulatory mechanism for gene regulation in
response to temperature.

This work will be continued into 2015-16 with my honors thesis, which will involve SRNA knockouts. I hope to present my
findings at the American Society of Microbiology conference.

(Supported by the Howard Hughes Medical Institute)
Advisor: Christine White-Ziegler, Biochemistry

48W 23-->37 MicC 48W 23->37 MicF

15 ===23°C->23°C =e=23C>23C

—8—23°C-->37°C —8—23'C->37°C

Figure 1: Initially opposing expression patterns of MicC and MicF, as shown by time course qRT-PCR studies (relative expression vs.
time in hours). This should lead to increase in OmpC and initial decrease in OmpE.
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48W23->37 GadE Figure 2: Thermoregulation of the glutamate-dependent
acid resistance (GAD) pathway shown by time-course gRT-
PCR studies (relative expression vs. time in hours). Red

e arrows connect genes to the genes they up-regulate; bold red
borders denote sSRNA%s. GadA is catalytic; the up and then
downregulation of GadA could be a synthesis of the effects
of GadX and GadE. Downregulation of GadY contributes
to decreasing expression of GadX. Later, the role of ArtS in

this pathway will be clarified by qRT-PCR and/or knockout
48W 23->37 GadA studies.

ArrS

48W 23->37 GadX

l

48W 23->37 GadY

i\5(/hiteAZiegler, Christine A., Amy J. Malhowski, and Sarah Young.

“Human Body Temperature (37°C) Increases the Expression of Iron,
Carbohydrate, and Amino Acid Utilization Genes in Escherichia coli K-12. Journal of Bacteriology 189, 15 (2007): 5429-5440.

iOpdyke, Jason M., Elizabeth M. Fozo, Matthew R. Hemm, and Gisela Storz. “RNAse 111 Participates in GadY-dependent Cleavage of the gadX-gadW mRNA.” Journal
of Molecular Biology 406 (2011): 29-43.

"Luo, Chengwei, Gang-Qing Hu, Huaiqiu Zhu. “Genome reannotation of Escherichia coli CFT073 with new insights into virulence.” BMC Genomies 10, 552 (2009).

ivZhang, Dan-Feng, Bin Jiang, Zhi-Ming Xiang, and San-Ying Wang, “Functional characterisation of altered outer membrane proteins for tetracycline resistance in
Escherichia coli” International Jonrnal of Antimicrobial Agents 32 (2008): 315-319.
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Ecological Consequences of Invasive Pests on Eastern Hemlock Population

Youngjoo Ahn/2018

The Eastern hemlock, Tsuga Canadensis is a foundational species in many forest communities throughout the United States and Canada
because they provide optimal conditions for rich diversity. Hemlocks, a coniferous species, have needle-like leaves which take a

long time to decompose, resulting in a deep organic layer. This organic layer, coupled with dense canopies, create an acidic, shady
understory for other plants and animals to thrive in.

However, in recent years, exotic pests, Hemlock Woolly Adelgid [HWA|, Delges fsugae annand, and Elongate Hemlock Scale [EHS],
Florinia externa, threaten the existence of Hemlock trees. HWA is an invasive insect that feeds off essential cells by burrowing a
needle- like tube through the branch and often kills the tree in 4-10 years. While EHS doesn’t kill the hemlock completely, it infests
the underside of leaves, reducing the overall health dramatically. Interestingly enough, deciduous species, the Betula lenta (Black Birch)
in particular, have mainly repopulated the hemlock’s place. Deciduous species shed their leaves with the seasonal changes and do not
provide a constantly shady understory. Fortunately due to an accidental clearing in the MacLeish forest, we were able to study paired
plots of hemlock and birch forests. This specific research project aimed to study the many different factors that contributed to overall
ecosystem changes.

One main part of the project was measuring efflux levels, volumetric water content, and soil temperature of hemlock and birch
forests using the Li-Cor 6400. From May-August, each forest was measured approximately every two weeks in order to track the
long-term patterns. In May, birch forests were more productive than hemlock forests but as time progressed, hemlocks efflux levels
surpassed those of the birch forests. However, the volumetric water content of birch forests are almost always higher. This data will
be compared to overall weather patterns and continued throughout the academic year.

Another main part of the project was comparing bacterial counts for hemlock and birch soils. Using agar plates and soil dilution
techniques, colony forming units (CFU) were counted for both soils and this experiment was repeated twice. Hemlock forests have
shown both times to have ten fold more bacteria than birch forests.

These preliminary experiments have shown that there are significant differences in the forest ecology under hemlock domination
compared to birch. In the future, more data will be collected to observe seasonal changes on these two forests as well as an older,
more established birch forest.

(Supported by the B. Elizabeth Horner Fund in the Biological Sciences)

Adviser: Danielle Ignace, Biological Sciences
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Radial Glia in the Central Nervous System

Katrina Anderson/2018

Radial glia are an essential group of progenitor cells that are crucial for the proper development of the central nervous system.
Through two separate projects, one studying the health of radial glia daughter cells following ablation and one looking at glal fibrillary
acidic protein (gfap), the role of radial glia and their daughter populations in the developing spinal cord was explored.

To obtain further information regarding the effects of radial glia cell ablation on two daughter populations, the oligodendrocytes
and secondary motor neurons, a local cell ablation technique was utilized (Curado, Stainier and Anderson, 2008). The aim of this
technique was to obtain a mosaic pattern of #sfb gene incorporation into radial glia, which allows for the destruction of only certain
cells that can then be characterized alongside healthy cells. To obtain this, an #sfb gene construct driving the production of the
nitroreductase enzyme (N'TR) was microinjected into the zebrafish embryo at the one cell stage. When N'TR is exposed to a prodrug,
metranitozol, it produces toxic metabolites which induce cell death. Following ablation, the oligodendrocytes and secondary motor
neurons were assayed using two transgenic lines, 7g(o/ig2:g/p) and fg(gatal:gfp) respectively, between 24-72hpf. After analysis, it did not
appear as though the two cells types were negatively affected by the ablation, indicating that there may have been a recovery process
and therefore this work was not published.

Gfap is an intermediate filament which provides vital mechanical support to radial glia. The removal of the entire glial protein, or
the creation of an ineffective one in zebrafish, would allow a better understanding of its function and vitalness. This is accomplished
using the CRISPR/CAS9 system which utilizes properties of the bacterial immune system in order to remove a certain part of the
genome. Two sequences in the coding region for the gfzp gene were chosen, in exon 5 and 6 of chromosome 3. The system works
by inducing double stranded breaks in a targeted location of the DNA, which leads to a relatively ineffective repair process known
as non homologous end joining. Due to the damage caused by the break in the DNA, mutations are produced which can then be
characterized in vivo and used as research tools for future experiments. Due to difficulties with the purification of both the gfzp guide
RNA and the CAS9 protein, an established mutant was not able to created before the termination of the fellowship, although another
lab member has now completed that work.

Although the results obtained did not allow for extensive knowledge of radial glia to be acquired, steps have been made that will
permit future experiments and projects.

(Supported by the Schultz Foundation)
Advisor: Michael Barresi, Biological Sciences

1. Curado S, Stainier DY, Anderson RM (2008) Nitroreductase-mediated cell/tissue ablation in zebrafish: a spatially and temporally controlled ablation method with

applications in developmental and regeneration studies. Nat Protoc 3(6): 948-954.

Local Ablation
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Characterizing Cell Types That Express PAX3.2

Margarita Arellano-Murgo/2016

My project goal is to characterize cell types that express Pax3.2. Pax is a gene and its importance lies on the fact that most pax genes
are transcription factors, which transcribe DNA into RNA. Transcription is a process that occurs in all organisms and is essential

to the development of the organism. When DNA is being replicated in an organism, transcription is part of the process that allows
for the organism’s growth. If transcription fails or an error occurs, the organism could be at risk of not developing properly. Within
transcription there are transcription factors that aid and regulate the process. Essentially, transcription factors are an important subject
of study, because without them transcription would not be able to occur and DNA replication would be interrupted as well. The pax
genes have been found to be transcription factors. The Pax3.2 is specific pax gene, therefore is also likely to be a transcription factor. It
can only be assumed that Pax3.2 is also a transcription factor, because really nothing is known about it. This summer was dedicated to
studying Pax3.2, a gene which has no previous literature nor any known data. The main goal was to characterize the cell types in which
Pax3.2 exists. This way this specific pax gene and its function can be fully described. The Barresi Lab, which is where I conducted my
research, has retrieved the DNA construct from another lab and has created its own transgenic reporter line of Pax3.2. The transgenic
reporter line should have enabled me to visualize the cells of interest. However, since this is a newer project the methods have not
been figured out yet. So most of the time and research was put in finding a method that would give us reliable results. The future goal
is to establish a protocol that will produce strong and reliable findings.

(Supported by the Howard Hughes Medical Institute)

Adviser: Michael Barresi, Biological Sciences

.. [ ]
WOmenScience 2015 .i



.SMITH COLLEGE

Investigating Marine Ciliate Tide Pool Communities

Mary Badger/2016

There is a high diversity and abundance of ciliate communities in our oceans, especially in coastal and neat-shore areas.! These
ciliates provide major links in the food chain serving as important links between micro ages in the ocean to latge marine animals.?
Marine ciliates can also play a latge role in nuttient cycling and can negate the negative effects of harmful algal blooms.” Despite the
important roles they play in their ecosystems, little is known about the phylogeny of marine ciliates and and even less is known about
the spatial and temporal dispersion patterns of these important organisms in the natural world. One environment in particular that
has been found to have a high diversity of Oligotricha Ciliates is the coastal tide pool environment.* The tide pool environment

is a particularly advantageous one for some marine organisms it is an area of high primary productivity due to the high levels of
sunlight and water movement that support alga growth.>* However, the dynamic nature of the abiotic factors within this environment
means that organisms must possess special adaptations that allow them to survive in tide pools. Tide pool ciliates in particular have
been observed to have a life cycle that allows them to synchronize their periods of activity with the daily tidal cycle. This life cycle
includes becoming active, feeding and reproducing during low tide when their pool is isolated from the open ocean, and becoming
inactive and taking refuge in the sediment when their tide pool is connected to the rest of the ocean.” Undetstanding how ciliates are
dispersed over this environment will provide greater insight in to how these organisms are influenced by, and interact with, species
on other tropic levels within the rocky intertidal zone. This in turn will inform efforts that help to conserve and protect this unique
and important ecosystem, which provides many benefits such as acting as a buffer between land development and the ocean, as

well as being home to many important commercially important species such as muscles and algae.®” During my month researching
this summer, I collected samples from tide pools at two different locations: Portland, ME and Avery Point, CT (Figure 1). Where I
sampled from a variety of tide pools over the time span that various tide pools became isolated from the open ocean. I have started
to use molecular techniques such as PCR and DGGE, which will allow me to get a snap shot of the molecular diversity present in
the different tide pools from which I took samples. In addition to getting greater insight to these organisms ecologically, my research
will also help elucidate the genetic diversity patterns of marine microbes, which has been a topic of hot debate in recent years. It
still remains unclear whether eukaryotic microbes, such as ciliates, are widely cosmopolitan and have high rates of gene flow as some
studies suggest, or if in certain environments, such as tide pools, thete is a level of endemism within this groups species. ' As I am
using molecular, culture independent methods, I hope my study will contribute to a greater understanding of this matter as I move
forward with the samples I took this summer and continue on working on them this year.

(Supported by the National Science Foundation)
Advisor: Laura Katz, Biological Sciences

1.Doherty, M., Costas, B. A., McManus, G. B., & Katz, L. A. (2007). Culture-independent assessment of planktonic ciliate diversity in coastal northwest Atlantic waters.
Aquatic microbial ecology, 48(2), 141.
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Figure 1: Example of tide pools sampled from in Portland Maine:
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The Role of Canonical Wnt Signaling in the Zebrafish Pharyngeal System
Development and its Implications in Regards to Naphthalene-Induced
Teratogenesis

Kathryn Berg/2016 and Gina Cho/2017

Considered the largest oil spill in U.S. history and greatly impacting a diversity of ecosystems, the Deepwater Horizon oil rig
explosion released 200 million gallons of crude oil into the Gulf of Mexico from its occurrence on April 22° 2010.! Crude oil
components, specifically polycylic aromatic hydrocarbons (PAH?), are in products that increasingly contaminate the environment.
By using zebrafish as a model organism in a controlled laboratory setting, our ongoing project has entailed studying the mechanisms
via which PAH’s induce teratogenic defects in vertebrate systems. In particular, we have focused on the loss of jaw cartilage and
heart edema stemming from naphthalene-induced pharyngeal arch deformations.” As canonical Wnt signaling is known to regulate
arch formation, we attempted to expand upon this research by performing in-situ hybridization of Frizzled proteins to understand
how naphthalene affects Wat.”

We first created and tested in-situ probes for Frizzled 7A, 7B, and 8A from DNA constructs sent by the Topczewski Lab.

Each probe was confirmed on a gel to verify plasmid size and orientation. Cryostat slices were used to measure probe penetration.
Additionally, trials with Alcama (Zn-8) antibody, a fluorescent marker of pharyngeal pouches, via immunohistochemistry were used.
All experiments were performed on AB (WT, as a control), Sox10:eGFP, and Flil A:eGFP lines. Embryos were treated with 200 uM
naphthalene solution at 4, 10, and 20 hpf (DMSO-treated embryos were used as a control). Imaging was performed on LUMAR, Axio,
dissection, and confocal microscopes.

Probe expression was found to become more prominent with age, peaking at about 24 hpf. The pouch/atch relationship was
seen to be affected by naphthalene, with a stunted arch correlating to a wider, but also stunted pouch. The time of treatment (4, 10, or
20 hpf) and the age of the embryo did not seem to significantly impact this relationship, though less teratological effects were overall
found in older embryos.

The in-situs showed that peak Frizzled protein expression is correlated to peak arch formation, confirming Frizzled proteins’
role in overall development. Additionally, immunohistochemistry data showed that pouches were affected by naphthalene similarly
to how arches were, albeit by taking up the space of missing arches following treatment. Naphthalene was thus implicated to affect
cell differentiation (from pouch to arch mesoderm) and migration. In future trials (for Kathryn Berg’s thesis and Gina Cho’s special
studies), we will aim for a better visualization of the mechanism behind Frizzled proteins’ response to naphthalene via in-situs. We also
plan to expand our research to other lines, such as AHR (-/-), for a better understanding of other signal pathways.

(Supported by the Schultz Foundation)

Advisor: Michael Barresi, Biological Sciences

Pouches (red) and arches (green) in control embryo.

1, de Soysa TY, Barresi MJ, Ulrich A, Friedrich T, Pite D, Compton SL, Ok D et al (2012) Macondo crude oil from the deepwater horizon oil spill disrupts specific
developmental processes during zebrafish embryogenesis. BMC Biol 10:40
2, Chen, D. (2014). PAH-induced activation of aryl hydrocarbon receptor signaling and its effects on neural crest development in zebrafish. Smith College Archives.
3, Choe, Chong Pyo, Andres Collazo, Le A. Trinh, Luyuan Pan, Cecilia B. Moens, and J. Gage Crump. “Wnt-Dependent Epithelial Transitions Drive Pharyngeal
Pouch Formation.” Developmental Cell (2013). ScienceDirect. Elsevier. Web.
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Testing a PCR-Based Diagnostic Test for Dengue Virus

Kate Brien/2015

Over half of the world’s population lives in areas at risk for Dengue Fever, a disease that has been rapidly increasing over the past
twenty years. Without any specific vaccines or treatment, public health measures against dengue virus have focused on developing
effective diagnostic tests. In the Williams lab this summer I have been working on using a PCR-based diagnostic test that our lab is
developing to identify samples of heat-killed dengue viral RNA sent from the Centers of Disease Control and Prevention (CDC).

As part of this project, I used bioinformatics techniques for designing consensus sequences for each of the four serovars of
dengue virus, and identified highly conserved, serovar-specific regions of the genome. I designed and assessed primers and probes
to target amplification of those specific regions of the dengue genome. Using bioinformatics and qPCR, I demonstrated that our
targeted regions represented distinct serovars and would deliver consistent identification without cross-amplification of the other
serovars or of host human genetic material. I optimized the test for use on a synthetic DNA target, based on serovar-specific
sequences of the Dengue genome, and used Tagman probes to increase the sensitivity of the test. The goal was to optimize the test
for use with the RNA panel from the CDC by the end of the summer.

Unfortunately, the samples from the CDC diagnostic panel did not amplify using a series of real-time reverse transcription PCRs
(gRT-PCR) with various volumes of template, three different master-mixes, or with one-step and two-step reverse transcription PCRs.
When these changes did not yield results, I performed a phenol chloroform extraction and dialysis purification of the RNA samples.
We were finally able to demonstrate that the samples themselves were degraded, and that acquiring fresh samples would likely solve the
amplification problem. Further development of this PCR test will be required for it to be used around the world as an effective public
health measure against dengue virus.

(Supported by the Schultz Foundation)

Advisor: Steven Williams, Biological Sciences
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Assessing Seasonal Photosynthetic Function of Dominant Species Post-
Clearcut

Kyle Boyd/2015

The Li-Cor 6400xt

New England forests have a long history of disturbance and recovery. Forests have been clearcut for farmland and then regrown
following farm abandonment over the past centuries. Global shifts in land use has led to changes in the environment. The rise of
atmospheric CO, has led to increased study on the effect of disturbances on the carbon cycle. The photosynthetic capacity of plants
plays a vital, but often unstudied role in the carbon cycle of forest ecosystems. This study focused on the effect of environmental
factors including water and nitrogen availability on the photosynthetic capacity of species after a large scale clear-cut disturbance.

To test for the role of dominant species within a rebounding ecosystem I measured their photosynthetic capacity suing the Li-Cor
6400xt. Results showed that each species was limited by different environmental factors. Overall species appear to be improving their
photosynthetic capacity from year to year after the clearcut. These results are import to better understand how forest ecosystems
recover from large scale disturbances. This summer’s research was an extension of an honors thesis conducted last year.

(Supported by the Nancy Kay Holmes Fund)
Advisor: Danielle Ignace, Biological Sciences

Khomik, M. W. (2014). On the causes of rising gross ecosystem productivity in a regenerating
clearcut environment: leaf area vs. species composition. Tree Physiology, 34, 686-700.

Williams, C. A. (2014). Post-clearcut dynamics of carbon, water and energy exchanges in a midlatitude temperate, deciduous broadleaf forest environment. Global Change
Biology, 20, 992-1007.
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Intertidal Bully: Introduced L tforina littorea Interteres with Native L. obtusata

Noemi Collazo/2016, Alysha Putnam/G’2016

Direct and indirect interactions between grazers in temperate intertidal habitats are poorly understood. While the gastropod Littorina
obtusata is usually found among fucoid algae (Fucus vesiculosns and Ascophyllum nodosum) in the upper intertidal region, L. /ittorea (an
introduced species) shows widespread distribution on rocky substrata and algae throughout the intertidal zone. Because there are areas
of species overlap, we hypothesized that competition for food or habitat may be occurring. Through a variety of laboratory and field
experiments, we explored species interactions between these important grazers.

We conducted a 30-day laboratory growth experiment to investigate interspecific and intraspecific competition between these
species under high and low food (F: vesiculosus) availability. Growth rates of L. obtusata were significantly lower in the presence of
L. Jittorea under both high and low food availability, demonstrating interference competition (Fig, 1). Growth of L. obtusata was not
reduced in high densities of its conspecific. In contrast, presence of L. obfusata did not depress growth rates of L. /ittorea; instead,
intraspecific competition was revealed for the latter species. To address the mechanism of interference competition by L. /ittorea on
L. obtusata, we investigated induction of chemical defense (phlorotannins) in Il vescinosus and A. nodosum. After each snail species
grazed (induced) algal fronds for one week, we conducted grazer preference experiments. L. /ittorea grazing rates were not affected
by conspecific or congeneric induction, while L. obzusata demonstrated a significant preference for control Fueus and Ascophyllum over
fronds previously grazed by L. /ittorea. We will determine phlorotannin levels of induced and control algal tissues to understand the
role chemistry plays in interference competition.

Field manipulations were designed to assess the impact of L. /ittorea abundance on L. obfusata distribution. Our treatments
included maintaining control, removal, and 2X higher densities of L. /itforea through several tidal cycles. We found a significant
increase in L. obtusata densities in areas of L. /ittorea removal, suggesting that the latter species regulates L. obtusata distribution in
nature.

Taken together, our laboratory and field experiments revealed interference competition by introduced L. /Zttorea on L. obtusata.
Further, grazing preference experiments indicated that L. obtusata showed a significant preference for Fucus vesiculosus over other
common intertidal algae, while L. /ittorea strongly preferred Ulva lactuca and Chondrus crispus over F. vesiculosus. Thus, these snail species
may demonstrate resource partitioning of both food and habitat, allowing coexistence in nature.

(Supported by the B. Elizabeth Horner Fund in the Biological Sciences, Collazo; Margaret A. Walsh
Grantham Fund, Putnam)

Advisor: Paulette Peckol, Biological Sciences
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Fig. 1 Mean (+ SE) growth rate (mm/dy) of Littorina obtusata (A) and L. littorea B) under low
(and high (intraspecific and interspecfic) snail densities and low and high food availability.
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Biofilm Formation in Uropathogenic Escherichia coli at Various
Temperatures

Daniela Deny/2018

Fold Change

Uropathogenic Escherichia coli (UPEC) receives a lot of attention because of the huge impact it has on many lives every year. It is the
main culprit of community acquired UTIs, accounts for about half of nosocomial infections, and can be fatal if left untreated'. UPEC
is able to persist by collaborating with other nearby UPEC in the form of a biofilm. Our laboratory has shown that temperature
regulates many genes required for virulence and biofilm formation, but it is unknown what temperature thresholds program a
pathogenesis gene expression profile. My project used quantitative reverse transcriptase polymerase chain reaction (QRT-PCR) to
measure the mRNA levels of genes associated with biofilm formation at various temperatures.

Using RNA samples isolated from previous growth experiments done by the lab, six different temperatures (23°C, 28°C, 30°C,
34°C, 37°C, and 40°C), ranging from room temperature to fever temperature were tested. In previous experiments, results indicated
that in UPEC, biofilm formation was increased at 37°C in comparison to 23°C. Taking this into account, I expected a gradual increase
in the expression of these biofilm genes as the temperature increased. I also hypothesized that the expression of motility genes (e.g:
fliC) would decrease as the temperature increased because of biofilm formation.

QRT-PCR was used to quantify focA, csgA, and fliC mRNA levels in our UPEC strain at the various temperatures. focA and
csgA genes encode adhesins while fliC encodes the major subunit of the flagella. Recent literature suggests that motility is needed
when the biofilm is initially being established. In that study, it was found that strains that had a mutation affecting the flagella had
weaker biofilms?.

In regards to fliC, the qRT-PCR results indicated that there is a slight increase of expression starting at 28°C that decreases as it
reaches 34°C. In line with the hypothesis, the results showed a slight decrease in fliC expression at 37°C and 40°C. The focA and csgA
results were significantly different from each other even though both of these genes contribute towards the formation of biofilms.
The focA results indicated high fold changes, while the csgA fold change remained low throughout the temperature shifts. While these
results are inconclusive, previous experiment have shown that temperature affects such genes at 23°C and 37°C. I will continue this
research in the fall through Special Studies and investigate more genes involved in the formation of biofilms.

Average focA Expression at Various Temperatures in UPEC- 567 Average csgA Expression at Various Temp in UPEC-667
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Figure 1: Average fold change from qRT-PCR data analysis of focA and csgA at 23°C, 28°C, 30°C, 34°C, 37°C, and 40°C
(Supported by Howard Hughes Medical Institute)
Advisor: Christine White-Ziegler, Biological Sciences
References:

"Wiles, T. J., Kulesus, R. R., & Mulvey, M. A. (2008). Origins and Virulence Mechanisms of Uropathogenic Escherichia coli. Experimental and Molecular Pathology, 85(1),
11-19.

*Guttenplan, S. B., & Kearns, D. B. (2013). Regulation of flagellar motility during biofilm formation. FENMS Microbiology Reviews, 37(6), 849—871
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Comparing the Yeast and Human Microtubule Binding Domains

Ria Deshpande/2016

Dynein is a minus-end directed microtubule associated molecular motor. In Eukaryotic organisms, dynein helps with the segregation
of chromosomes, nuclear positioning, cell division and the transport of organelles with the cell or along the axon. Dynein is a

large homodimer consisting of to identical heavy chains, a coiled stalk with a microtubule binding domain and a slender tail for
dimerization. The process of walking for microtubules involves a dimer of two motor proteins. Dynein has the ability to step in
increments of 8nm by alternating movement of its two motor domains and multiple dynein molecules may contribute to movement
inside the cell.

The main difference in function between yeast and human dynein is during cell division. During division, the yeast dynein is able
to embed its tail into the cell membrane while the microtubule binding domain acts as a pulley to pull the microtubule towards itself
and thus allow nuclear positioning, In mammalian or human dynein, position of the nucleus is not determined by this process. It
has been observed that yeast and mammalian domains exhibit a high degree of sequence and structural conservation. A recent study
hypothesized that a C terminal cap that exists in yeast dynein but not in mammalian dynein could be a possible explanation for the
differences in processivity between the two dyneins. However, this has not been proved to be the only explanation.

My project works with the microtubule binding domain, and discusses the similarities and differences between the yeast and
mammalian dynein. The in vitro part of this research involves replacing the yeast microtubule binding domain with the human
microtubule binding domain. This will allow me to look at single molecules and study the processivity of the modified molecule with
respect to the unmodified one. The in vivo part of my project involves figuring out if the human microtubule binding domain helps
in nuclear segregation and works like the yeast microtubule binding domain. A nuclear segregation assay will be done to confirm the
hypothesis that the microtubule binding domain is the part that differs and explains the structural and functional differences in the
two different species of dynein. This summer I was able to work on creating the chimeric yeast and analyzing preliminary data on the
TIRF Microscope. 1 was also able to learn other useful laboratory techniques which will help me conduct the rest of my research at
Smith College over the year.

(Supported by the Blakeslee Fund in the Biological Sciences)

Advisor: Nathan Derr, Biological Sciences

Image 1: Diagram showing the experimental scheme of the project showing the native dynein (containing the yeast microtubule
binding domain) , the modified dynein for in vivo (nuclear segregation assays) and the modified dynein for in vitro studies with the
yeast microtubule binding domain replaced by the human microtubule binding domain.
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The Biophysics of Motor Protein Ensemble Motility

Amalia Driller-Colangelo/2018

Dynein is a motor protein that organizes the interior space of cells by transporting and distributing various intracellular components.
Termed “cargo transport” this process is achieved by groups, or “ensembles” of dyneins working together to move various cargos.
While the implications for understanding disease at this level would be monumental, the actual biophysical mechanisms that move this
cargo-transport process along are currently unknown.

Using TIRF microscopy and dynein motors purified from yeast, we determined the motile properties of individual and ensemble
dynein. Until recently, studying ensembles with known numbers of motor proteins was challenging. Now, using a ground-breaking
new technique based upon DNA origami, we were able to create ensembles of motors that allowed us to determine the motility of
ensembles with defined numbers of motors.' In this work, we used DNA otigami structutes that can be tuned for varying levels of
flexibility and can accommodate one to seven motors. Under tightly controlled laboratory conditions, we were able to observe the
motile properties of dynein while carrying this flexible cargo structure. We observed that the ensembles moved faster as the number
of motors increased.

Following early adjustments to fine-tune our experimental system, we observed results that advance our understanding of how
cellular cargo transport is achieved. Previous work found that ensembles on a non-flexible rigid cargo slowed as the number of motors
increased. Our discovery that the velocity of the flexible synthetic cargo structure increased as more motors were added suggests that
ensemble velocity is dependent on cargo rigidity. We also noted differences in the motile properties of ensembles while carrying a less
flexible cargo structure. When comparing the two different structures, one flexible and the other less so, we found the less flexible
structure to move slower, which suggests our system will enable us to more closely examine the role of cargo rigidity in ensemble
motility.

Future work will involve testing the experimental system to determine the mechanism by which cargo rigidity affects ensemble
velocity. Those discoveries remain for a Special Studies project in the fall semester. This data will be submitted soon for publication.

(Supported by the Howard Hughes Medical Institute)

Advisor: Nathan Derr, Biological Sciences
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Figure 1: Quantification of average velocities of dynein ensembles. The 7D ensemble moved significantly faster than dynein alone or
the 1D or 2D ensembles.

1. Derr, N. D,, Goodman, B. S., Jungmann, R., Leschziner, A. E., Shih, W. M., and Reck-Peterson, S. L. “Tug-of-War in Motor Protein Ensembles Revealed with a
Programmable DNA Origami Scaffold.” Science (New York, N.Y.) 338, no. 6107 (2012): 662—665. doi:10.1126/science.1226734.
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Natural Acquisition and Identification of Microbiota in Foals

Ashanta Ester/2015

Gel Photo of one of my PCRs

Mecomiun is a viscous caramelized feces composed of intestinal secretions, swallowed amniotic fluid and cellular debris usually
evacuated within the first two hours of birth.! Meconium has been used to desctibe the composition of the human infant gut. Our
Lab has decided to use meconium from foals in effort to categorize the bacterial composition of the equine gut. By understanding
the gut bacterial composition from an early stage we will be able to determine the acquisition of bacteria by DNA extraction and
amplification of the 168 ssu from these fecal samples by isolating DNA from fresh samples until the foal is a month old. By
identifying the bacteria seeding the gut future work would allow us to correlate these findings to gut flora change induced by
helminthes and the treatment with antihelmintic, which we study in our lab.

The project itself is more than a summers worth of work and my main focus is DNA isolation for the meconium as this is
a challenge and Quality control of these DNA samples. My research consisted of finding and optimizing stool DNA extraction
protocol that would be the standard for meconium. By the end of the summer I have mastered the Phenol-Chloroform extraction,
Overnight dialysis of DNA from meconium and PCR. In addition to these techniques I learned to use a host of other molecular
techniques. I am able to pass this work on to an undergrad to continue the work of answering our main question about acquisition of
microbiota in foals.

The research expetience this summer helped me gain more insight to the many approaches to answer bigger questions. The
ability to get the answers that I was looking for by following my own path and new molecular techniques and analysis software, which
will help me as I continue my education and research career making this experience very helpful.

(Supported by the Schultz Foundation)
Advisor: Steven Williams, Biological Sciences

1, Hansen R 2010. First-Pass Meconium Samples from Healthy Term Vaginally-Delivered Neonates: An Analysis of the Microbiota ~ PLoS One. 2015 Jul
28;10(7):¢0133320
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Macrofungi Richness and Forest Floor Characteristics in Hemlock vs. Black
Birch Forest Plots

Aliza Boles Fassler/2017

In New England two exotic insect pests are threatening the Eastern Hemlock (Tsuga canadensis); the Hemlock Woolly Adelgid
(Deluges tsugae, HWA) and the Elongate Hemlock Scale (Fiorinia externa, EHS). In southern New England, hemlock decline
typically leads to its replacement by Black Birch (Betula lenta), a deciduous tree species with substantially different effects on forest
ecosystems than hemlock."? The goals of this research were to look at how carbon cycling and fungal communities will change with
the elimination of eastern hemlock. Hemlock plots have been shown to have a higher forest floor C:N compared to plots of other
northern hardwood tree species and a greater organic layer depth then black birch plots.’? Systems whete fungi dominate the soil
microbial community are characterized by high C:N.* Similar forest declines have decreased macrofungal diversity and abundance in
other forest types, such as Jarrah forests affected by Phytophthora cinnamomi.®

This research was conducted Smith College’s MacLeish Field Station in Whately, MA and a site in Chesterfield, MA. Organic
layer samples were collected in 10x15m forest plots. Eight 0.25 x 0.25 subplots were randomly established in each plot, from which a
sample of the soil organic layer was collected. This material was air-dried and then oven-dried to determine dry mass of the organic
layer (OM). Four surveys of macrofungi fruiting bodies were conducted in the same plots at MacLeish and Chesterfield. All mature
fruiting bodies within plots were collected.

As expected hemlock plots had the highest OM at both MacLeish and Chesterfield. The OM of mature hemlock plots was
consistently, significantly higher then both young and mature birch plots (Figure 1.). Data on fungi morphospecies richness from
spatially paired hemlock and birch plots was analyzed with paired T-tests for 3 of the survey dates. The survey at Chesterfield yielded
significantly different numbers of morphospecies in mature hemlock vs. birch plots (p= 0.0234). The two Macleish surveys showed
no significant difference between plot types (p= 0.774 and p= 1). New plots established in mature birch stands had similar numbers
of morphospecies as mature hemlock and young birch plots.

Given that hemlock plots regardless of stand age generally have a greater organic layer mass then birch, hemlock decline may have
a significant effect on carbon storage in regional forest ecosystems. Despite the lack of a strong significant difference in macrofungi
species richness between hemlock and birch plots, future work could continue to look at abundant fungi species in order to determine
which species may be affected by the shift in dominant tree type.

(Supported by the B. Elizabeth Horner Fund in the Biological S'ciences)
Advisor: Jesse Bellemare, Biological Sciences
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! Orwig D, Foster D. (1998). Forest Response to the Introduced Hemlock Woolly Adelgid in Southern New England, USA. Journal of the Torrey Botanical Society.
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Figure 1. Organic layer dry mass of 14 forest plots at MacLeish. MacLeish plots included 4 different forest types of varying
stand ages in order to rule out the effects of stand age on OM.
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Using Horticultural Escape and Naturalization to Better Define Plant Species
Fundamental Niches

Anna George/2017

At present, a significant area of study in conservation biology is how species distributions will change over the next decades in
response to the effects of global climate change, including changes in temperature and weather patterns.’ In order to predict this, we
need to know several pieces of information about a species: the realized range, where the species currently lives, the fundamental
range, where the species could or does have a self-sustaining naturalized population, and the tolerance range, where individuals can
live, but there are no self-sustaining populations. By figuring out the extent and shape of these ranges for a species, we can better
predict how changes in temperature and weather patterns will affect the species.! My project this summer was nested within this
framework of trying to define species’ fundamental and tolerance distributions. I did this by taking part in a larger project looking at
plant naturalizations, which allow us to see if a plant can grow and establish a self-sustaining population at various locations outside of
their realized distribution by looking at accidental introduction due to horticulture.

This summer, I worked on the initial data-gathering portion of this project. I learned ArcGIS programming and, in collaboration
with others in the lab built a list of focal species that are adventive, or native to the US, but non-native in New England and New
York, and used online herbarium queries gathered information about adventive populations of the focal species that were located in
those states. In preparation for fieldwork, I mapped the population information on GIS maps. I then worked with others in the lab to
track down the physical specimens, documenting places where the focal species have escaped in both Connecticut and Massacusetts.
At each site, we determined whether the population was adventive, filled out a detailed questionnaire about the population, and took
voucher specimens for both Brown University and Smith College.

This fieldwork will continue for the next eighteen months all over the continental United States until all of the populations have
been visited. Then, using the data we gather, conclusions will be made about the realized, fundamental, and tolerance ranges for
different types of plants and how these plants will react to climate change. My work with this project will continue through assisting in
the lab during the year, and likely a senior thesis. (Supported by DoD/Brown~Bellemare, J. “Plants”)

(Supported by
Advisor: Jesse Bellemare, Biology
References:

'Sax, D. F, R. Early, and |. Bellemare. “Niche Syndromes, Species Extinction Risks, and Management under Climate Change.” Trends in Ecology & Evolution 28.9
(2013): 517-23.

.. []
WOmenScience 2015 .i



.SMITH COLLEGE

Tolland County, Connecticut

Potential Adventive Populations

: ‘% Sz - A
- ! P Ffon® o y 4
2 2 % 19 & ..__/
4 Q! oY ° L 84
o O, g 4
1= b ~ /{l.
4 2 - . 4 Union
: : cast 5 /
MainSt-Somers “%, " sta@ordCatalpa speciosa ,@; 171)
100 5 Physostegia virginiana "
Ce eo“/. 7 4
~ Stafford L ol AWy
Springs P4
8 ’ 4
3 Physocarpus gpulifollus
° g
oad = // "
ook 4 = Oenothera gaura; Rot;iﬁla viscosa ek 80
5 0 othera aura
Ellingoi. 8 Pbdophyllum peltatum 9ﬁ g z
¥ \\{ l?_u;gefglauca Prunus nigra 2
z Y@ wallington®Plantago aristata =
il Tollang CGatalpa bignonioides: 2 po
Vernon > hford
Rockville  “%, o, & M 5
\Q“ ﬁ::’f“‘l‘_—; o7 e i f rrc
oy A R P ' Eclipta prostrata a
v 4 % J i i - |
Qp:/;' N 33 : o
0 » 7 E N
¥ gﬁf’ Podophyllum peltatum g o Storrs & [i
L Maclurgaﬂomlfera*mafbillj’ra pomlflera :
f alesia caro m“a @
Plagago arﬁﬁ! Mans field s F 4
° ys-a4Boston-Tpke s | 3
g Bolton/ Campsis radlcani z
/ \ﬁgﬁ\cllpta prostrata Mm.”\ © Halesla Farolma afB'
¢ ?lantago ans@atg Plantago aristata
thester " \ Bo, Coventry ansfield o
@ \ th.s4 & Cente® s
Plantago aristata ‘Eatalpa ignonioides, ’/»Chaphn
\ x : 'b s’ xzd _ﬁ;,
- “LAndover T " 4
TN P
. \\\_ﬁ N .E“..y:—: o én &
State c G, _J/’? g [ \
Park A e S
? atalpa b'gnommd%s cOlumbla oMillimantic Byoo"
A
(316 <5 4 windham 14
Gy, o “u - Py Qoa
foay o % &
] .;, O‘ %, 5:\ 03
“, South %
2 ® windham A\
L - Hebron %, E— (32
% 3
“— : 4 Yo, Lebanon &
‘\\\Y _Halesia carolina ® E
Marlbo ough \ s North % o
\\ Ams ton -g*"’"p"\l Franklin n, Ba
P 4 "\‘» Sources: Esri, HERE, DeLorme USGS, Intermap mcrementP
. & ’4\._\;, Corp., NRCAN, Esri Japan, METI; Esri CHina (Mo Kong), Esri
Kt‘: eau - \“Q (Thailand), Mapmylndla ©OpenStreetMap contributors, and the
opaug \ e GIS User Community 5 “
ﬁ)men . 26
hocience 2015 ..



Bsvith colleae

Investigation the Inversion Polymorphism on the X-Chromosome

Jessica Haskins/UNH 2019

This summer I worked with a research team to gather data on an inversion polymorphism on the long arm of the X-chromosome
in humans. The long arm has long inverted repeats (LIRs) that flank two genes.

The inversion is considered polymorphic in humans as there are two possible gene arrangements: the plus (which reads
centromere, LIR, filamin gene, emerin gene, LIR, and telomere) and the minus (which reads centromere, LIR, emerin gene, filamin
gene, LIR, and telomere). The lab’s previous research suggests that the frequency of each orientation varies between populations.

I helped to increase the sample size to strengthen the results. As this region is on the X-chromosome, females can be homozygous
plus, homozygous minus, or heterozygous based on the X-chromosomes they get from their mother and father. Since males receive
one X-chromosome, they are hemizygous plus or hemizygous minus.

I learned how to sample individuals by extracting my DNA and genotyping myself for the inversion using long PCR and iPCR.
Long PCR is a presence absence assay, so we run a plus and minus reaction for each sample. The plus reaction only amplifies the
DNA with the plus arrangement, and the minus reaction only amplifies the minus orientation. The DNA of heterozygous females
is amplified in both the plus and minus reactions. Long PCR amplifies regions that are 12,000 to 13,000 base pairs in length, which
makes them too similar in size to run the plus and minus reaction together. Inverse PCR (iPCR) confirmed the gene arrangement
we found using long PCR. Although iPCR takes more time, it allows us to multiplex, or run the plus and minus reactions together.
The DNA has to be digested, ligated, and then amplified using PCR. The primers are designed to point away from each other in
the undigested/unligated genomic DNA, so that once the DNA is self-ligated, the primers amplify a region across the ligation site.
The procedure is outlined in Kirby et al (in preparation).

I also helped with SNP PCR for male samples. Single nucleotide polymorphisms (SNPs) are variation at the base-level that
are common enough to be detectable in the population. There are several on the long arm of the X-chromosome in humans. We
used Sanger Sequencing to look for linkage disequilibrium for 18 of the SNPs on the long arm between the two LIRs. Linkage
disequilibrium, or the non-random association between alleles, is the result of a lack of recombination. We only used male samples
for sequencing because they are hemizygous. Jessica, need to say that the SNPs were in the region between the two LIRs. Do you
have a gel photo to include with the abstract?

(Supported by the Smith College Committee on Faculty Compensation and Development (CECD) and the
B/ﬁéex/ee Fgﬂm’ mn the Bz’o/ogfm/ Sciences) 7 ? f

Advisor: Robert Merritt, Biological Sciences
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Potential Effects of Eastern Hemlock (Ts#ga canadensis) Decline on the
Hemlock-Associated Liverwort Baggania trilobata

Michelle Jackson/2015

The decline of Tsuga canadensis connected to the invasive insects Adelges fsugae and Fiorinia externa has been shown to exhibit
negative impacts on various communities of organisms. The forestry management technique of salvage logging is also
contributing to abrupt changes within these tree canopies. Such intense light exposure and alterations in nutrient cycling could
influence understory populations that rely on the cold, moist conditions created by T. canadensis trees. One potential example
of a plant species affected by these sudden ecological changes is the bryophyte, Bazzania trilobata. B. trilobata is a leafy liverwort
that is often observed in association with T. canadensis populations in the older growth forests of New England. To explore the
possible effects on B. #ilobata with the impending decline of T. canadensis, 1 conducted a two-year transplant experiment at Smith
College’s MaclLeish Field Station. Samples of B. #ilobata were moved from a source site near the field station and monitored with
field