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From the Director

Welcome to the first issue of The Transcript,
the semiannual newsletter of the Center for Human
Genetics at Clemson University!

The Center for Human Genetics (CHG)
formally opened its doors on July 1, 2018. We are
housed in Self Regional Hall on the Innovation
Partnership campus in Greenwood adjacent to the
Greenwood Genetic Center, a facility dedicated to
the diagnosis, treatment and research of pediatric
genetic disorders.

The goals of the CHG are to leverage
comprehensive systems  genetic  approaches
and comparative genomics to elucidate
fundamental principles of the genetic under-
pinnings of human complex traits, including
disease risk, and to promote precision medicine by
developing advanced mathematical models to
predict disease risk and assess therapeutic

national and international collaborations to
advance human genetics and to generate genetic
repositories and data bases as resources for the scientific
community. Another aspect of our mission is to educate the next
generation of human geneticists by providing educational
opportunities for high school students and their teachers, for
undergraduate and graduate students, for postdoctoral fellows
and visiting scientists, and to promote public understanding of
human genetics through community outreach.

Common and rare genetic diseases affect a large fraction of
the world’s population. Many advances in genomic medicine
have occurred in the past 20 years. However, current human
genetic research faces several challenges and opportunities.
Only about 2% of the human genome codes for proteins.
Genome-wide association studies for a common disease or trait
identifies statistically significant variants, the majority of which
are in non-coding regions of the genome (introns, upstream or
downstream of the nearest gene, or intergenic) and thus have
presumably regulatory effects on gene expression. However,
these variants are not necessarily the causal variants because
of the haplotype block structure of the human genome. A major
challenge for the future is tackling the issue of causality and
elucidating the role of non-coding elements of the genome.

In addition, we need to develop models to accurately predict
individual disease risk or trait phenotype based on genetic
information.

Dr. Trudy F. C. Mackay, FRS, is
the Self Family Endowed Chair of
Human Genetics. She is a Fellow
benefits based on genetic and environmental of the Royal Society of London, a
factors. member of the National Academy

. of Sciences of the USA, and
We also seek to develop local, regional, recipient of the 2016 Wolf Prize.

Elucidating the mechanisms by which
genetic variants affect function thus requires
expertise from multiple disciplines ranging from
quantitative, population, molecular, cellular and
developmental genetics; statistics, bioinfor-
matics and computational biology; to functional
genomics. It also requires the ability to directly
test hypotheses derived from human studies by
functional analyses in cell and tissue culture
and animal models and to perform high
dimensional analyses of pleiotropic effects on
molecular networks in these model systems
that are not possible in humans.

To support such endeavors, we established an
in-house high-throughput genomics facility to
enable cost-effective  whole genome
sequencing on the lllumina platform using a
Novaseq, long-read sequencing supported by
PacBio Sequel 1l and Oxford Nanopore
Systems and single-cell DNA and RNA
sequencing using 10x Genomics microfluidics.
In addition to South Carolina’s Palmetto
supercomputer, we also set up an in-house
server for analysis of large data sets.

I am delighted that during the last two years we were able
to recruit a cadre of stellar young scientists who will advance the
frontiers of human genetics in a collaborative environment. Dr.
Andrei Alexandrov, who is featured in this issue of The
Transcript, joined us from Yale University and uses innovative
technologies to study the role of non-coding RNAs in cancer. Dr.
Lela Lackey came to us from the University of North Carolina at
Chapel Hill and studies the relation between RNA structure and
gene regulation in the context of human health and disease. Dr.
Zhana Duren from Stanford University uses advanced
computational technologies to disentangle the complex
interrelationships between different ‘omics’ levels. Dr. Fabio
Morgante develops methods for genomic prediction for
cardiovascular disorders using large data sets of human
populations. Ongoing studies in the Mackay-Anholt laboratory
focus on alcohol use disorder and addiction to psychostimulants,
as well as comparative genomics studies on rare human
diseases in collaboration with research faculty and clinicians at
the Greenwood Genetic Center.

In the last two years we have made great strides, but this is
only the beginning. We are looking forward to developing the
CHG as the primary Center for Human Genetics in the South-
Eastern United States.



A Warm Welcome to David Clayton and Julia George

The Center for Human Genetics extends a warm welcome
to Dr. David Clayton, who will lead Clemson University’s
Department of Genetics and Biochemistry as its new
Department Chair. David Clayton and his spouse Julia George
have returned to the United States from the United Kingdom,
where Clayton served as Chair of the Department of Biological
Sciences at Queen Mary University in London.

Clayton is well-known for his contributions to the
neurogenetics of birdsong. Songbirds develop their song during
a critical developmental period by listening and emulating their
parents’ song. Birdsong serves as a model for the development
of human language and vocal communication. After receiving
his Ph.D. with Professor James E. Darnell Jr. at the Rockefeller
University in New York, Clayton launched the first investigations
of genes expressed in the brain of songbirds. He worked initially

with Professor Fernando Nottebohm, also at the Rockefeller
University, and later as a faculty member at the University of
lllinois, where he worked for 22 years.

Clayton and his students discovered the Immediate Early
Gene response in vocal communication and described the first
patterns of developmental and sex-specific gene regulation in
the vocal learning circuit. At the University of lllinois, Clayton
organized a broad set of international collaborations which led
to the complete sequencing of the songbird (zebra finch)
genome at a time when still few whole genomes had been
sequenced.

Julia George was an early pioneer in the study of the alpha-
synuclein protein, which is associated with Parkinson’s disease
and which she identified in the developing songbird vocal control
circuit. Since moving to London in 2012, her primary focus has
been on the epigenetics of neural responses to social and
environmental signals in songbird models. Dr. George is joining
the Department of Biological Sciences at Clemson University.

At Clemson, Clayton and George will continue their studies
on the role of the genome in brain plasticity — the ability of the
brain to respond and adapt to signals involved in brain circuit
development, sex differences, learning and memory, and social
and environmental conditions. Measurements of gene
regulation and epigenetic mechanisms are central to their
approach.

“We are delighted to have David and Julia join the Clemson
family,” says Center Director Dr. Trudy Mackay, “They will
contribute another valuable model system for comparative
genomic studies to the Center for Human Genetics.”

Andrei Alexandrov Brings Fireworks to Clemson

Dr. Andrei Alexandrov is
an innovator. After obtaining
his undergraduate diploma
from Lomonosov State
University in Moscow,
Alexandrov left his native
Russia to further his graduate
education at the University of
Rochester School of Medicine,
where he received his Ph.D. in
biophysics. His expertise in
biophysics placed him in an
ideal position to develop new
technologies in RNA biology

; : during a postdoctoral period in
Joan Steitz’ laboratory at Yale University. There he developed
an approach that enables ultra-high throughput forward genetic
discovery of components that regulate human RNA biogenesis.
Nuclear-localized vertebrate-specific long non-coding RNAs
play critical roles in an impressive variety of human diseases,
including numerous cancers, developmental and viral diseases.

Alexandrov developed a new technology to study the functions
of these long non-coding RNAs in human diseases. Since this
technology makes sophisticated use of fluorescent reporter
signals, he named it “Fireworks.”

Using Fireworks, Alexandrov identified human nuclear
components that are required for maturation of MALAT1
(metastasis associated lung adenocarcinoma transcript 1), a
long non-coding RNA associated with various cancers. He also
discovered the Rapid tRNA Decay pathway and a long elusive
molecular link between splicing, deposition of the exon junction
complex, and mRNA surveillance via nonsense-mediated
decay.

In 2019, Alexandrov brought Fireworks to the Clemson
Center for Human Genetics, where he is an Assistant Professor
in the Department of Genetics and Biochemistry, and
immediately developed a dynamic research laboratory. “My
long-term research goals are to alleviate disease severity by
modulating regulation of long non-coding RNA pathways, and to
identify relationships between disease risk and regulation of
non-coding elements in the human genome,” says Alexandrov.



The technology developed by Alexandrov allows for the first
time interrogation of pathways of biogenesis, regulation, and
surveillance of human nuclear long non-coding RNAs, like
MALAT1, which has long been considered impossible because
of their strictly nuclear localization.

“We were fortunate to recruit Dr. Alexandrov,” says Center
Director Dr. Trudy Mackay, “Andrei is a brilliant scientist, who
thinks out-of-the-box and uses innovative interdisciplinary
approaches to explore critical problems at the forefront of human
genetics.”

Flies on Cocaine

Europeans first discovered
cocaine in the 16th century when
Spanish conquistadors observed
that indigenous people in Peru
chewed on coca leaves and
experienced its stimulating effects.
For several centuries, cocaine was

hailed as a beneficial therapeutic in f./

part due to its anesthetic properties.
Cocaine was first isolated from coca
leaves in 1855 by the German
chemist Friedrich Gaedcke.
Sigmund Freud, the father of
psycho-analysis, was an avid
advocate for the use of cocaine and
noted that “You perceive an
increase of self-control and possess
more vitality and capacity for work.
In other words, you are simply
normal, and it is soon hard to
believe you are under the influence
of any drug. Long intensive physical work is performed without
any fatigue. This result is enjoyed without any of the unpleasant
after-effects that follow exhilaration brought about by alcoholic
beverages. No craving for the further use of cocaine appears
after the first, or even after repeated taking of the drug.”

Today Freud’s enthusiastic endorsement of cocaine has
vanished. Instead, it is now recognized that cocaine use
presents a significant socioeconomic health problem. The
Substance Abuse and Mental Health Services Administration
reported that in the United States in 2018 an estimated 5.5
million people aged 12 or older were past users of cocaine,
amounting to about 2.0% of the US population. The Centers for
Disease Control reported 13,942 cocaine-related deaths in 2017
and a recent survey of 8th, 10th and 12th graders found that
2.2% of 12th graders had used cocaine. Although cocaine use
leads to arousal and euphoria, there are serious side effects,
including accelerated heart rate, mood swings, difficulty
sleeping, loss of appetite and cognitive distortions. In contrast to
Dr. Freud’'s assessment, addiction which results in escalated
consumption of cocaine, can result in psychosis, cardiovascular
disease and stroke.

Much has been learned about the neurological effects of
cocaine but information about the underlying genetics that
render individuals susceptible to cocaine use and addiction
remains incomplete.  Members of the Mackay and Anholt
laboratory are using the fruit fly, Drosophila melanogaster, as an
advantageous model system for systems genetic analyses of
cocaine consumption. Why flies, one might wonder?

Flies provide a powerful model system for comparative
genomics studies, because they can be reared rapidly in large
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numbers at low cost in defined
genetic backgrounds and under
controlled environmental conditions.
Further-more, about 75% of disease-
causing genes in humans have fly
counterparts. Cocaine exerts its
effects in people by blocking reuptake
of the neurotransmitter dopamine in
the central nervous system’s reward
circuit, thereby prolonging neural
stimulation. The crystal structure of
the Drosophila dopamine transporter
’ has been obtained and its binding site
’ can accommodate cocaine. Exposure
of flies to cocaine elicits motor
responses that resemble behaviors
f. observed in rodents, and flies
develop sensitization to repeated
intermittent exposure to cocaine.
Thus, fundamental neural
mechanisms affected by exposure to
psychostimulants are conserved across phyla, from flies to
humans.

Graduate student Brandon Baker and postdoctoral fellow
Chad Highfill in the Mackay-Anholt laboratory explored variation
in susceptibility to the effects of cocaine among lines of the
Drosophila melanogaster Genetic Reference Panel, a collection
of fruit fly lines with fully sequenced genomes derived from a
natural population. They correlated naturally occurring DNA
variants with variation in consumption and development of
preference for cocaine. After identifying candidate genes that
harbor associated polymorphisms, they used RNA interference
to inhibit expression of genes in specific neurons and glia. These
studies implicated dopaminergic neurons and the mushroom
bodies, central brain structures associated with experience-
dependent modification of behavior, with consumption and
development of preference for cocaine. In addition, reduction in
expression of candidate genes in glia also affected cocaine
consumption, suggesting that widespread brain regions
contribute to cocaine-associated behaviors.

After Chad Highfill took a position as System’s Biologist at
Takeda Pharmaceuticals in Yokohama, graduate students
Sneha Mokashi and Spencer Hatfield joined forces with Brandon
Baker along with staff bioinformatician, Dr. Vijay Shankar, to
explore the effects of acute cocaine exposure on gene
expression at single cell resolution throughout the brain. These
studies will provide insights in the extent to which cocaine exerts
effects throughout the brain, identify targets of epigenetic
modifications that can lay a blueprint for enhanced preference,
a proxy for addiction, and identify potential targets for
therapeutic intervention in humans at risk for cocaine addiction.



Could you briefly describe your research

program?

Our group uses software engineering and
computational biology techniques to make
useful molecular discoveries in human and plant
biological systems. We also engineer elastic
advanced compute systems and technologies
to run robust genomics workflows to enable
small labs to perform innovative petascale
compu-tational biology. The lab also actively
engages in traditional PhD training and the
development of a scalable asynchronous
training platform for data-intensive computing
including but not limited to computational

biology.

My lifetime research goal is to
reveal the genomic mechanisms
underlying phenotype expression. A
core aspect of this approach to
identify biomarkers that group
interesting biological states (e.g.
normal kidney verses renal tumor
somatic mutation and/or
transcriptome profiles). Given that

A Conversation with Alex Feltus

Dr. F. Alex Feltus received a B.Sc. in Biochemistry from Auburn
University in 1992, served two years in the Peace Corps in the Fiji
Islands, and then completed advanced training in biomedical
sciences at Vanderbilt University and Emory University. He has
performed research in artificial intelligence, bioinformatics,
cyberinfrastructure, high-performance computing, network

biology, tumor biology, agrigenomics, genome assembly,
systems genetics, paleogenomics, and bioenergy feedstock
genetics. Feltus is Professor in Clemson University’s
Department of Genetics and Biochemistry and a member of the
Center for Human Genetics and Biomedical Data Science &
Informatics program. He is also co-founder of Praxis Al, LLC.

| am not sure what “science literacy” means. If
it means a realistic understanding of the natural
world as opposed to an opinion of the world should
be, then | think more people would be excited about
“science” if they focus on the beauty of our
Universe as
Regarding communication to the general public, |
always try to put my work into perspective and
focus on the impact to food security and how it
might help heal you when you are sick.

revealed through discovery.

What do you consider the most pressing
unresolved issue in Human Genetics?

The most important tool we are missing in

genetics are realistic quantitative
genetic models that allow for
perturbations of the genotype to
predict the impact on phenotype.
Simulation  approaches  will
reduce the time from discovery to
impact and allow folks to tweak
biological systems thus creating
a new era of true genetic
engineering.

most traits are under control by
complex cellular control systems, we always seek to identify sets
of functionally interacting genes (biomarker systems) that
discriminate between biological states. My group focuses on the
transcriptome layer (RNA) of gene expression but we are always
seeking methods to integrate data from other genome
information orbitals.

You have a diverse research program that combines
software engineering, computational biology and molecular
genetics to explore problems in human and plant systems.
What are the challenges you face in recruiting and
integrating a diverse group of collaborators that contribute
to your research program?

I am not sure how | got here, but my lab is truly
interdisciplinary. There are geneticists, computer scientists,
computer engineers, and bioengineers. We are all linked by a
need and/or love of data intensive computing required to
discover new knowledge about the life on Earth. | have not had
any issues recruiting students due to my involvement in formal
undergraduate and graduate training programs in the Genetics
& Biochemistry department, decade long collaboration and co-
training relationship with Dr. Melissa Smith’s group in the
Electrical and Computer Engineering department, membership
in the Biomedical Data Science and Informatics (BDSI) program,
and of course the Clemson Center for Human Genetics.

Are you concerned about science literacy in the general
population? How would you effectively communicate the
importance and impact of your work to the general public?

After completing your B.Sc.
degree from Auburn University
you spent two years in the Peace Corps. How did this
experience influence your subsequent academic career?

There were two big takeaways from my time in the Fiji
Islands. First, | learnt that there are geniuses everywhere and
we need to provide access and training to reduce the barriers to
learning. The Internet didn’t exist then, so now this is possible.
The second thing | continued to develop was a love for diverse
cultures including my American culture. Putting diverse opinions
together is a lot of fun and productive!

What is your advice for young investigators?

| remember when | started my PhD training in 1995, | met a
couple of professors who thought molecular biology was a fad.
| don’t remember their names. | believe that computational
biology skills are on the same order of importance as molecular
biology. My advice is to learn how run gels AND use the
command line in Linux, program in Python, and be able to run
data-intensive containerized workflows in the Cloud. Also, learn
basic data science skills and embrace the complexity of
biological systems using computers. Genomics datasets are
only going to get bigger and you must learn how to hurdle
computational problems in order to make discoveries just like
you do when you are performing wet bench experiments. You
have to be able to run gels and computational jobs if you want
people to remember your hame.



Fruit Flies and the Joy of Teaching

by Rebecca MacPherson

| knew from the look on
their faces that they didn’t
believe me. “Fruit flies?” they
asked incredulously. | had
just told my grandfather,
aunts, uncles and cousins
that | would be spending the
next five years of my life — the
prime of my 20s, the pinnacle
of my academic career thus
far — working on the genetics
of a pest that is brought home
on bananas from the grocery
store. | took their disbelief as
a challenge; it was now my
mission to tell them why a
Ph.D. on fruit fly genetics was
relevant to the study of
human health.

Originally from Anchorage,
Alaska, Rebecca MacPherson
graduated from Clemson
University in 2018 with a B.S.

in genetics and minors in
microbiology and psychology.
She completed departmental
and general honors from the
Clemson University Honors
College and worked on a
variety of research projects
during her undergraduate
years, including canine
genetics, eukaryotic patho-
gens, synthetic biology, and

Fruit flies, or Drosophila
melanogaster, are incredibly
important to biological
research. Fruit flies share
with humans about 75% of all
genes that cause human
disease. Additionally,
scientists can use fruit flies to
make discoveries that are

cancer biology. She started
her Ph.D. in genetics in the fall
of 2018 at the Clemson Center
for Human Genetics under the
mentorship  of renowned
geneticist Trudy Mackay.

ethically or financially
impossible to make in
humans. After discussing
these topics with my family,
including the six Nobel prizes
awarded to scientists who
had worked with fruit flies, my
relatives realized that |1 was
actually pursuing something impactful.

Our conversations about genetics reminded me of
something important — | love to teach. Given my passion for
outreach and teaching, | knew | needed to find a way to stay
involved with genetics education while making it through
graduate school.

A few months later, | was standing at the head of a
classroom at the Clemson Center for Human Genetics. The
room was filled with 7"- through 12"-grade students and their
parents from a local homeschool group. A parent had recently
reached out, wondering if | could talk to the students about
genetics, and | had leapt at the opportunity. Initially | was worried
about connecting with these students because | was short on
time and had never taught in a formal setting. However, these
fears quickly faded when | saw a transformation in one of the
middle-schoolers that I'll never forget. She started out quiet at
the beginning of the lesson, but as she learned more her eyes
opened wide. The wheels in her head were turning rapidly, and

she began to ask question after question until we ran out of time.
She truly “got it,” and nothing has encouraged me more.

As a graduate student at the Clemson Center for Human
Genetics, | have also been able to foster research and outreach
collaborations with the Greenwood Genetic Center. The GGC'’s
education department offers excellent genetics education
activities directly to 7"- through 12"-grade students across
South Carolina. | have traveled with their mobile labs, partnered
with GGC education instructors to create fruit fly activities for
students, and worked with local science teachers to help bring
genetics into their classrooms. | am so grateful to have the
opportunity to teach genetics to students across multiple
backgrounds, ages, and geographic locations.

Each summer, the GGC education department offers the
Junior Genetics Scholars camp to high school students.
Participants are introduced to GGC faculty and staff and are
exposed to real-world laboratory activities, including some that
involve fruit flies. If there’s one thing I've learned in my time
teaching about fruit flies, it is that | never know how a student
will react to seeing a fruit fly in a laboratory environment.
Perhaps the students’ reactions stem from the contradiction
between a sterile space and a “gross” insect, or perhaps the idea
of studying an insect is as ludicrous for the students as it was
initially for my family. Either way, many students are overcome
by curiosity and excitement, and they often ask me humorous
questions. Due to its frequency, a question about what | name
my fruit flies (no, | don’t name my flies) no longer startles me.
However, I'm still surprised by questions about fruit fly dreams,
the biggest fruit fly ever, and if a fruit fly can swim. Students’
excitement about fruit flies also manifests into rapid shouting,
where the students provide me updates about the movement of
individual flies like sports commentators describing the action on
the field. And although some students remain quiet throughout
the activity, it is rare that | do not see a smile on their faces as
they leave the classroom.

Teaching opportunities at the Center for Human Genetics
have been a blessing, forcing me to go out and create
opportunities for myself and work in the areas of education |
most enjoy. | have successfully been able to teach across a
range of ages and educational environments, something | would
not have obtained as a teaching assistant in an undergraduate
classroom. Not only have | found in-person education
opportunities, but through volunteering at local science fairs,
working with outreach programs like Skype a Scientist, and
attending formal science communication workshops such as
ComSciCon, | have further broadened my scientific outreach
and education experiences.

Looking back over the first half of my graduate career, I've
realized that some things never change. For example, | will
always have to justify why I'm spending five years of my life
studying the genetics of a pesky little insect. But hey, thanks to
my outreach and education experiences, I'd like to think I'm at
least a little better at justifying it than | used to be.



Viewpoint: Are Mendelian Diseases Truly Monogenic?

by Robert Anholt

Gregor Mendel was both brilliant
and lucky. The traits he studied in his
peas were well-defined categorical
traits, each of which could be
accounted for by segregating alleles
from a single gene. Mendel might
not have been so successful if he
had studied traits with a continuous
guantitative  distribution in the
population, as is typical for complex
traits that result from many
interacting genes. Whereas most
common diseases result from a
complex genetic architecture,
Mendel’s rules of heredity can be
applied to rare disorders. Such
Mendelian diseases result from a
genetic disruption with a highly
penetrant effect that segregates in
pedigrees as a  monogenic
polymorphism. Although the inci-
dence of each disease is generally
less than 1 in 200,000, a total of
about 7,000 different rare diseases
have been described. Rare disorders
collectively affect up to 10% of live
births, a significant pediatric patient
population.

But are Mendelian diseases truly
monogenic? This is true for some
disorders, like cystic fibrosis, where
the same disrupted gene segregating
in different families causes a disease phenotype with high
penetrance. However, there are many examples of diseases
where a different single pathogenic mutation in independent
pedigrees results in similar disease manifestation. Often, these
different defective genes sequestered in different families are
associated with a common biological process. For example,
Bardet-Biedl syndrome is a ciliopathy, which impacts multiple
body systems. Several different mutations have been identified
in different families with affected children, but they affect
different gene products essential for ciliogenesis. Similarly,
occurrence of Coffin-Siris syndrome can result from different

genes harboring pathogenic
mutations in different families,
all associated with chromatin
remodeling. While such
diseases can be considered
Mendelian within each
pedigree, should they not be
considered polygenic across
the patient population?

Another observation to
consider is variable penetrance
of the same disease alleles in
different  pedigrees. Diffe-
rences in penetrance could
result from interactions with
modifiers in the genetic back-
ground or interactions between
the genome and environment.
Indeed, such interactions are
hallmarks of complex traits.
Assessing effects of genetic
modifiers or effects of environ-
mental exposure on the
manifestation of rare diseases
is virtually impossible in human
populations but could plausibly
be addressed through compa-
rative genomic approaches in
model organisms.

Gregor Mendel

Perhaps the widely held

view that rare diseases are

relatively simple Mendelian disorders should be revisited.
Instead, the collection of those approximately 7,000 rare
disorders might be viewed as a kaleidoscope that provides a
continuum of complexity ranging from true monogenic disorders
to disorders arising from various degrees of genetic complexity

Robert Anholt is the Provost Distinguished Professor of Genetics
and Biochemistry and Director of Faculty Excellence in the

College of Science at Clemson University.

Visit our website at https://scienceweb.clemson.edu/chqg/
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