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Dr. Ron Oldfield Ron Oldfield and students posing in front of an enormous Ceiba 
tree, an icon of the tropical rain forest.

New study abroad course in Biology explores 
ecology and genetics.

The Department of Biology recently debuted a new course, BIOL 309/409 
(Biology Field Studies), in which faculty and students travel to a remote 
site and conduct research in a natural environment. Drs. Chris Cullis and 
Ron Oldfield worked together to establish the course, designing it so that it 
could be offered in different countries and at different times of year (typi-
cally winter break or spring break). Before the trip each semester, class 
meetings in Cleveland cover logistics, biodiversity, and current ecological, 
environmental, and social issues surrounding the specific ecosystem being 
studied. Time at the field site is spent listening to resident lecturers, receiv-
ing guided tours, observing and identifying wild organisms in their natural 
habitat, and conducting the research project. So far, Cullis and Oldfield, run-
ning the course individually in different semesters, have taken students to 
Belize, Costa Rica, and Namibia.  
 
When Dr. Cullis taught the course in Spring 2018, it included a trip to Na-
mibia. The course was an integral component of an international effort to 
develop the marama bean as a possible crop for resource-poor farmers in 
arid regions of Southern Africa. During the 10-day field trip, students col-
lected marama leaf, seed, tuber and soil samples from four different sites 
near Windhoek, along with immature seeds from 10 individuals. Working 
with students from the University of Pretoria and the Namibia University 
of Science and Technology, the CWRU students extracted DNA from 40 soil 
samples and 46 leaf samples. One of the excavated marama plants had a 
tuber weighing more than 500 pounds.             (continued on pg 6)
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FLAX: FIBER, OIL, HEALTH BENEFITS
AND GENE EDITING
by Christopher Cullis

Dr. Christopher Cullis

Flax [Linum usitatissimum] is a very versatile plant. It is 
one of the most ancient domesticated crops, with evidence 
of its use dating back more than 10,000 years. During the 
domestication, the plant was selected for two very differ-
ent forms that have optimized the yield of specific prod-
ucts. One of the forms, known as fiber flax, has been bred 
for tall, unbranched stems; its long fibers that have been 
used for producing linen and fine papers. The second form, 
commonly called linseed or oil flax, has been optimized 
to produce as much seed as possible, and so it grows as 
a short, highly branched bush. For many years, linseed oil 
was the basis of all oil paint. More recently, as  

Flax plants grown in the greenhouse in Millis Hall. 

flax’s industrial uses have declined, it has found a place as a health food. Flax has also been at the center 
of a controversy about genetically manipulated organisms. A transgenic flax, a genetically modified form 
named Triffid, was developed but never commercialized. However, seed from this GMO contaminated the 
Canadian flax supply and was detected in exports to the European Union, which responded by banning the 
importation of Canadian flax. It took a number of years to eradicate this GMO from the flax seed supply, and 
so this incident serves as a case study for the need to control any transgenic events that have not been ap-
proved for human consumption.

How does this have any relationship to gene editing? The quality of the fiber flax crop depends on the qual-
ity of the seed that is planted. It has long been known that maintaining the seed produced by the fiber crop 
results in a steady decline in the uniformity and vigor of the fiber crop. In the 1800s, it was agreed that the 
best seed was “Riga” seed, produced in the Riga area of Latvia, and that it was important to return to seed 
produced in isolation from the fiber crop every three years to have continued yield success. This variability 
is surprising because flax is normally self-fertilizing, and so all of the seed produced for a variety should be 
identical. Therefore, the question arose whether the cultural practice of growing the fiber crop at a high den-
sity, and thereby restricting root growth, was affecting the quality of the seed. The effect of differing nutrient 
cultural conditions on the progeny was determined initially in the flax variety Stormont Cirrus (subsequently 
designated as “Pl” as a plastic or responsive variety). Surprisingly, it was found that the nutrient regimes 
resulted in heritable changes in some of the fiber flax varieties that were tested. It has subsequently been 
shown that these changes are associated with variations within the nuclear DNA of the affected plants. A 
subset of the altered plants subsequently bred true, and these plants remained different for more than 50 
generations.



           a      b
Growth of the original Stormont cirus variety and the two 
extreme types (L and S) in the first generation after induction 
(b) and following 53 generations of propagation under non-
inducing conditions (a).  

The development of DNA sequencing has now 
enabled scientists to determine the complete 
genome sequences (which comprise ~500 million 
bases) of these lines. The new, detailed compari-
sons of these lines have identified many regions 
that are different, and it is now possible to follow 
when the genetic changes occurred during the 
plant’s development. It was observed that the 
flax plant can change its nuclear DNA sequence 
in response to the growth environment, and can 
transmit this new genome to its progeny. It should 
be noted that the plant does not know which 
sequences to modify, just that there are regions 
that can be altered without causing the death of 
the plant and that some combination of these 
changes makes the plant perform better in that 

This new combination can grow more rapidly and take over the growing tip, which subsequently develops into 
the flower, so these modified regions are transmitted to the next generation. Most of the time, these altera-
tions are not stabilized, so the plant can continue to respond to changes in the environment. We’ve only been 
able to investigate this phenomenon because a small number of those plants in fact underwent two different 
events, one of which changed the genome, and the other of which inhibited its ability to respond.

We then return to the question of how this relates to gene editing. The new structures that appear do so re-
producibly; that is, the same changes at the same identical points have been repeatedly observed. When one 
then compares these regions to those in other varieties or in wild relatives, it is generally observed that these 
two different forms are present across the germplasm. Therefore, it appears that flax has a mechanism to 
specifically target and modify regions of its genetic material that can result in a diversity in the ability to grow 
in a particular environment, without causing large-scale lethality, which is true for most mutation systems. It 
is this targeted, very specific set of alterations that gives the appearance of a form of gene editing.

Why is this important or interesting? With the continued acceleration of climate change, one of the important 
aspects of crop development is to increase the resilience of our major food crops to stresses such as heat, 
drought, and flooding. These characteristics are not simply controlled,and so incorporating resilience into 
already existing varieties is a complicated matter. This system in flax, on the other hand, appears to be able 
to select and modify a wide range of possible sites, with the selected variants then able to thrive in the new 
environment. Understanding the mechanisms and genes involved in controlling this phenomenon in flax might 
facilitate transferring this property to important food crop species. If it functions in a similar way in these other 
species, we will  have a completely novel process for selecting new varieties that were more resilient to the 
environmental challenges. Rather than trying to identify a gene or combination of genes that would render 
the plant more adapted to its changed environment, we would use the plant itself to generate the diversity 
on which the selection would act. The modified plant would immediately have an integrated response to the 
environmental challenge, short-circuiting the need to test many different combinations, as this would have 
already occurred in the plant.



Graduate Student Feature: Riley Tedrow
Riley Tedrow earned his undergraduate degree in Biology at CWRU in 2015. He 
earned his PhD in Biology in the lab of Dr. Peter Zimmerman in 2019.

I wasted no time finding a research position at CWRU. Within a few 
weeks of beginning my first year as an undergrad in the Department 
of Biology, I was volunteering in the lab of Dr. Mike Benard and pin-
ning insects at the Cleveland Museum of Natural History. Seeing that I 
was eager to get my feet wet and hands dirty, my new research men-
tor, Dr. Gavin Svenson, graciously allowed me to design and execute a 
fieldwork-based summer research project through the CMNH Kirtlandia 
Society Adopt-a-Student Program. I continued to train and work under 
Dr. Svenson’s guidance, and in subsequent years was granted the op-
portunity to join him in the hunt for elusive praying mantises across the 
globe.Riley Tedrow in Madagascar

We caught hundreds of insects across Rwanda, Vietnam, and Puerto Rico. Our findings led to several publications de-
scribing species new to science and expanding the ranges of known species, This project gave me valuable experience in 
scientific writing and the peer-review process.

I received a unique blend of training from the CMNH, including taxonomy, systematics, genetics, field operations, science 
communication, and specimen curation. I used every aspect of this skillset in my graduate biology career, working with 
Dr. Peter Zimmerman in the Center for Global Health and Disease in the CWRU School of Medicine. I set to work building 
a novel molecular assay for the simultaneous assessment of mosquito species, mammalian blood, and malaria para-
sites (BLOODART, the Bloodmeal Detection Assay for Regional Transmission), a tool that could contribute to the malaria 
elimination goals of our study country, Madagascar or any country.

In a brainstorming session I had with my former advisor, Dr. Svenson, and my current advisor, Dr. Zimmerman, we cre-
ated a new tool for collecting outdoor mosquito vectors, a group of potential disease carriers traditional strategies often 
fail to address. I deployed this trap in remote villages in Madagascar, gaining insight into both the entomological and 
anthropological aspects of disease transmission. Shortly before departing the country, we identified key training gaps in 
the National Malaria Control Program in Madagascar. Working with contacts from the U.S. Centers for Disease Control 
and Prevention, we organized a training mission that allowed me to return to Madagascar and train parasitology and 
entomology technicians, improving disease control capacity in the country. From there I made additional collections in 
the rural highlands of Madagascar, finishing off a data set that we are currently analyzing on multiple fronts with col-
laborators within and beyond the Department of Biology.

I’ve found that I truly enjoy the operational side of entomology, 
and have taken the non-traditional career path of a commis-
sioned officer in the US Navy. My role as a medical entomologist 
for the armed forces will change frequently based on the needs 
of the country, with responsibilities including (but not limited to) 
research that improves our capacity to mitigate and treat disease, 
protection of the warfighter against insect-borne pathogens, and 
participation in a forward-deployed preventative medicine unit, 
a small rapid response team designed to provide support during 
humanitarian crises (my first stop post-graduation). Case West-
ern Reserve and the Department of Biology has provided me with 
a wealth of opportunities, and my endless thanks go out to the 
faculty, students, and staff that helped me to capitalize on my 
time here.
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   SENIOR ALUMNI FEATURE: Lee Morgan (WRC ‘87) 

Dr. Lee Morgan took a roundabout path to his career as a 
veterinarian. It started when he hit the jackpot of internships 
very early in his college career: a year spent in Hawaii study-
ing dolphin cognition. Lee, who is from Springfield, Ohio, ran 
track and cross-country in high school and was recruited to 
run track at Western Reserve College in 1983. He was one 
of the few students in his school who went to college after 
graduation.
 
As a freshman, Lee decided he wanted to be a marine biolo-
gist. He formed a bond with Professor Barbara Simpson in 
the Department of Biology. He regularly stopped into faculty 
offices and even the dean’s office, knowing that he had to 
make an impression if he was to have any chance of achiev-
ing distinction in the department. With Dr. Simpson’s

Dr. Lee Morgan and a Native Alaskin boy named Darrin at the 
Shaktoolik Checkpoint on the Bering Sea.

encouragement, Lee applied for a prestigious internship in dolphin cognition after having taken only one course in reef 
ecology.

Having had good experiences dropping in on faculty and the dean periodically through his freshman year, Lee had no 
problem picking up the phone and calling the director of the internship program to sing his own praises. Looking back, 
Lee laughs at himself for how little he knew about protocol and niceties in higher education. But  he believes that the 
phone call helped him land the internship as a freshman.

Once accepted, Lee frantically changed his schedule around so that he could spend the entirety of what would have 
been his sophomore year of college at The University of Hawaii Kewalo Basin Marine Mammal Laboratory. Under the 
director of the lab, Dr. Louis Herman, Lee studied the cognitive abilities of dolphins. The experience, both research and 
culturally, changed his whole worldview, and upon returning to Cleveland, he was asked to give lectures and seminars 
on his time in Hawaii and was featured in multiple publications.

Using this experience as a springboard, Lee went on to enroll in an exchange program at the University of Lancaster 
in the UK, spending the first half of his semester  in school and travelling. While in Greece, he visited an oceanography 
museum and by chance ran into someone from Cambridge who was also studying dolphin cognition. For the rest of the 
semester, Lee joined in on that research.

During one summer of his college career, Lee took a job as a dolphin trainer at Kings Island. Then, leaning into that dol-
phin theme, he decided to pursue his master’s degree in marine biology and genetics at the College of William and Mary. 
His graduate work on striped marlins earned him a best paper award. During his master’s research, Lee crossed paths 
frequently with a veterinarian, Dr. Bob George, who worked with sea creatures and maintained a typical small-animal 
practice. Working with Dr. George, who had a huge base of knowledge on dogs, cats, horses, sea turtles, dolphins, etc., 
had a profound impact on Lee’s career path and inspired him to attend veterinary school at the University of Wisconsin, 
Madison.

All of Lee’s varied experiences led him to where he is now, the owner and operator of the Georgetown Veterinary Hos-
pital in Washington, DC. Lee has also performed as a vet for the Iditarod, the famous dog sledding race, and was voted 
Veterinarian of the Year in 2008.

When asked where any specific person in the Department of Biology influenced him, Lee immediately thought of Dr. 
Barbara Simpson and Dr. Marty Rosenberg, but noted that everyone he came in contact with cheered him on; it was 
through this encouragement that he found success. One of the most influential mentors was his CWRU track coach, Bill 
Sudeck, who always made sure students were doing well and taught him to never be late.

Lee’s advice to undergraduates is to be like him and think outside the box—not to follow protocol but to sometimes 
take chances. That was how he obtained the internship that changed the course of his life.
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Dr. Chris Cullis (far right) and guide along with the BIOL 309 class and their 500 lb Marama tuber in 2017.

con’t from page 1

The analysis of the material was continued in Biology 301/401 (Biotechnology Laboratory: Genes and Genetic 
Engineering). This interchange between collection of material from the field course and molecular character-
ization in the laboratory course provides the basis for rapid advancement of the domestication of this inter-
esting and nutritious species. Such progress would not be possible without the students’ involvement
 
The trip concluded with a visit to Erindi Private Game Reserve, where the students observed various forms of 
African wildlife, and to a traditional San village. Dr. Cullis is currently teaching the course for spring of 2019.
 
In the Fall 2018 version of the course, students spent winter break conducting research with Dr. Oldfield in 
a tropical rainforest at the world’s most famous tropical biology field station: the Organization for Tropical 
Studies’ La Selva Biological Station in Costa Rica. La Selva, situated at the confluence of two major rivers in 
the Caribbean lowlands of northern Costa Rica, comprises 1,600 hectares (3,900 acres) of tropical wet forests 
and disturbed lands. This was the second time Dr. Oldfield led the course to La Selva. 

Over winter break 2017, the students travelled to Costa Rica. Their projects explored such topics as the feed-
ing ecology of monkeys and agoutis, colonization patterns of epiphytes on trees, social behavior of leaf-cutter 
ants, locomotion of large forest floor millipedes, and the effect of human development on distribution of col-
lared peccaries. The course also involved a trip to the 250-foot-tall La Fortuna Waterfall, a rafting tour of the 
Sarapiqui River, and a chocolate-making demonstration. Prior to that, in spring 2017, Oldfield took a class to 
Belize, where students conducted research in both a tropical rainforest and on the Belize Barrier Reef.
 
After returning from this trip, student Elizabeth Tobin won first place in the 2018 CWRU Study Abroad Photo 
Contest in the Landscapes, Buildings and Bridges category for her photo of the rainforest landscape. A stu-
dent from Dr. Cullis’ course noted that learning by doing was a welcome departure from traditional course-
work, saying, “I had an incredible experience on this trip. I have learned an absurd amount about the marama 
plant.”
 
The goal is to continue to develop the course to become an iconic experience at CWRU, rivaling the long-run-
ning study abroad courses offered by some other departments. Oldfield and Cullis look forward to expanding 
the travel to new destinations and increasing enrollment, so that more students get an opportunity to inti-
mately experience natural environments in different parts of the world before they disappear.



Dr. Hillel Chiel received a $500,000 grant from the National Science Foundation for his research on sea slugs’ rapid 
behavioral adaptations.

Dr. Emmitt Jolly was the Keynote Speaker for Homecoming Convocation at Tuskegee University on October 21, 2018.

Dr. Valerie Haywood was elected president of OH-PKAL (Project Kaleidoscope) 

Dr. Robin Snyder was promoted to the rank of Professor in the deparment.  

Dr. Susan Burden-Gulley was nominated for the Carl F. Wittke Award for Excellence in Undergraduate Teaching.

Drs. Radhika Atit and Mikael Benard were nominated for the J. Bruce Jackson, M.D. Award for Excellence in Undergradu-
ate Teaching.

PhD Student Alexandra Yarger was given the cover feature for the following publication:  
Yarger AM, Fox JL. (2018) Single mechanosensory neurons encode lateral displacements using precise spike timing and 
thresholds. Proc. Royal Soc. B. 285(1887).

PhD student Michael Moore presented research at the American Society of Naturalists meeting in January 2018. In 
2018, I also had three first-author papers accepted for publication in the peer-reviewed journals Oecologia, Journal of 
Evolutionary Biology, and Ecology Letters.

PhD student Iulian Gherghel published three papers  gave one invited talk at the Virginia Herpetological Society on the 
Postglacial recolonization of North America: integrating niche models and corridor modeling to study species’ range 
dynamics over geologic time.

PhD Student Laura Kurtycz presented a poster entitled “Methods of Quantifying Pacing in Zoo-Housed Bears” at the 
annual AZA conference in Seattle, WA in September, 2018

B.A. student Carmaletta Hinson preseted her resarch at the annual meeting of the Society for Integrative and Compari-
tive Biology, in Tampa, FL. “Role of Bilateral odor smapling in the odor source localization behavior of Manduca Sexta. 
Parthasarathy Kalyanasundarau, Carmaletta Hinson and Mark Willis. 

Letter from the Chair: Mark Willis

FACULTY AND GRADUATE STUDENT HIGHLIGHTS

   

Since our last Newsletter in 2018 the Department continues to flourish, with new and 
exciting scientific discoveries, the addition of new faculty, the promotion of senior faculty 
and addition of excellent new students. Selected highlights are featured in the Newslet-
ter. 

To help us reach out more effectively to undergraduates, I formed our first Undergradu-
ate Advisory Council to the Chair, made up of 6 undergraduates. With their suggestions 
and guidance, we hosted our first annual Undergraduate Awards Ceremony, hosted a 
Biology game night for students and faculty, and developed a 1 credit hour survey course 
for students interested in careers or research in Biology.

Drs. Claudia Mizutani (Biology) and Martin Basch (UH Ear, Nose & Throat Institute) co-chaired the 2018 Regional Midwest meeting 
of the Developmental Biology which introduced attendees from all over the region to our department, the university and Cleveland. 
Based on his experience and expertise, Dr. Emmitt Jolly was recruited by the Burroughs Wellcome Foundation to teach an interna-
tional short course in the molecular genetic tools he has developed for the study of parasitic Schistosome worms, which are the 
second most important cause of human disease after malaria. Events like these expose a broad group of scientists and students to 
the qualities and capabilities of the Department of Biology and CWRU.

Finally, this year we achieved a goal that we have been working toward for some time. We now have a signed set of affiliation agree-
ments linking the Department of Biology and the other big biological institutions in the city of Cleveland – the Cleveland Metroparks 
Zoo, the Cleveland Museum of Natural History, and the Holden Arboretum and Botanical Gardens. These agreements formalize 
existing collaborative relationships between the faculty and students in our department and the research scientists from the affiliated 
institutions and provides a foundation for new opportunities to expand research and education in biology.

It is always my goal to help our faculty and students continue our upward trajectory by building on our excellent reputation and 
enhancing our impact nationally, internationally, and in the local Cleveland area.
Thanks very much for all of your help and support as we go forward.
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New Faculty Member: Nicole Crown

We want to hear from you!
We are proud of the accomplishments of our 

faculty, students and alumni. Let us know 
about job changes, awards, honors and life 

events. Please email your news and contact 
information updates to krb28@case.edu

    Support the Department of Biology

you can contriBute to our on-going SucceSS 
By making a gift to the Department. your gift 
will allow uS to continue to offer opportuni-
tieS for our StuDentS to excel acaDemically anD 
to conDuct cutting eDge reSearch. you can give 

online at giving.cwru.eDu/caSgiving

On July 1, 2018, the department welcomed Dr. Nicole Crown to the 
faculty. Dr. Crown arrived with her own grant from the National Insti-
tutes of Health, supporting her studies of the mechanisms of chro-
mosome replication using the fruit fly Drosophila.

Chromosomes are dynamic elements that exist within a nuclear eco-
system. This ecosystem can respond to developmental and envi-
ronmental cues by changing the chromatin state, the 3-dimensional 
chromosome architecture, and chromosome movement during cell 
division. Dr. Crown’s research focuses on the highly regulated pro-
cesses that are implemented during meiosis that ensure homologous 
chromosomes segregate before sister chromatids. Crossovers, which 
provide the connections between chromosomes that guarantee ac-
curate segregation, are formed by using homoogous recombination to 
repair programed double-stranded breaks in the DNA. There are more 
breaks than corssovers, however, and only a subset of breaks are se-
lected to become crossovers. Only crossovers made in specific parts 
of the chromosome are useful for chromosome segregation, and thus 
the decision about which breaks to repair as crossovers is critical and 
highly regulated. 

Dr. Crown’s research combines traditional Drosophila genetics and 
modern whole genome sequencing approaches to ask how chromo-
somes integrate a complex set of input requirements to select which 
breaks are repaired as crossovers. 

Arnold Caplan celebrates 50 years at CWRU.
by: Tammie Lee

On September 6, 2019 Arnold Caplan, Professor and Director of the Skeletal Research 
Center, known as the “father of MSCs”, celebrated the start of his 50th year here at Case 
Western Reserve University.  In honor of Arnold’s dedication to scientific research and to 
CWRU, a symposium and dinner was held with alumni, colleagues and longtime friends of 
Arnold and of the Skeletal Research Center. An amazing number of his former lab mem-
bers attended this celebration, some from as far away as Japan, Poland, and Chile.  Each 
one with a story of their own to tell, remembering and reconnecting their interactions with 
Arnold and their stay at CWRU. Arnold made it clear in his lecture and remarks that it was 
not just a celebration of Arnold Caplan, but also a celebration of everyone who played a 
role in his successes and to the contributions to advance science, some of which provide 
medical treatments for a number of people.

In recognition of this momentous occasion, instead of gifts, donations were made on behalf of Arnold to the Greater 
Cleveland Food Bank “Backpack for Kids” program, which provides food for low-income children each weekend when 
they do not have access to the free and reduced-price school lunches normally available to them during the week. Each 
week, Food Bank volunteers pack six child-friendly meals per student into bags. The bags include various items such 
as milk, pasta, tuna, peanut butter, vegetables, cereal, fruit and snack items. The children take the food home over the 
weekend in an unmarked, nondescript backpack provided by the Food Bank. To date 716 weekend book bags were 
made through donations on Arnold’s behalf and donations continue to arrive.

Arnold received his bachelor’s degree in Chemistry from the Illinois Institute of Technology, and his PhD from John 
Hopkins University School of Medicine. He began his work at Case Western Reserve in 1969 as an Assistant Professor 
of Biology and was promoted to full Professor in 1981.  Over these past five decades, Arnold has established himself 
as an international leader in Mesenchymal Stem Cell (MSC) biology and regenerative medicine research. His dedication 
to research, his gift for building bridges between the academic community and industry, and his enthusiasm and skill for 
providing exceptional mentorship and training to generations of students, including over 450 publications while here at 
CWRU, has been an impressive achievement. 


