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Accreditation

Baylor College of Medicine is accredited by the Southern Association of Colleges and Schools
Commission on Colleges to award masters and doctorate degrees. Contact the Commission on Colleges
at 1866 Southern Lane, Decatur, GA 30033-4097 or call (404) 679-4500 for questions about the accredi-
tation of Baylor College of Medicine. The Commission should be contacted only if there is evidence that
appears to support Baylor's significant non-compliance with a requirement or standard.

Baylor College of Medicine Diversity and Inclusion Policy

Baylor College of Medicine fosters diversity among its students, trainees, faculty and staff as a prerequi-

site to accomplishing our institutional mission, and setting standards for excellence in training healthcare
providers and biomedical scientists, promoting scientific innovation, and providing patient-centered care.

« Diversity, respect, and inclusiveness create an environment that is conducive to academic excellence,
and strengthens our institution by increasing talent, encouraging creativity, and ensuring a broader
perspective.

¢ Diversity helps position Baylor to reduce disparities in health and healthcare access and to better
address the needs of the community we serve.

e Baylor is committed to recruiting and retaining outstanding students, trainees, faculty and staff from
diverse backgrounds by providing a welcoming, supportive learning environment for all members of
the Baylor community.

Notice of Nondiscrimination

Baylor College of Medicine is committed to a safe and supportive learning and working environment for
its learners, faculty and staff. College policy prohibits discrimination on the basis of race, color, age, reli-
gion, gender, gender identity or expression, sexual orientation, national origin, veteran status, disability or
genetic information. Harassment based on any of these classifications is a form of discrimination and also
violates College police (02.2.25, 02.2.26) and will not be tolerated. In some circumstances, such discrimi-
natory harassment also may violate federal, state, or local law.
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Message from the Chair

| am pleased to introduce you to the Depart
ment of Molecular and Human Genetics at Baylor
College of Medicine. Our mission is to transform
medicine with the practice and science of genet-
ics and genomics. The integrated research, clinical,
and diagnostic activities housed within our de-
partment have led in the transformation of genetic
medicine. In spite of the challenges of the COV-
ID19 pandemic, our team continues to excel in all
aspects of our mission.

We continue to be a top-ranked genetics depart-
ment. Among other U.S. genetics departments,
our department has consistently ranked first in to-
tal awarded NIH funding and total number of NIH
grants.

We continue to be leaders in the diagnostic test-
ing arena with our joint venture with H.U. Group
Holdings, Inc., Baylor Genetics. This jointly gov-
erned laboratory continues to support the aca-
demic mission and innovation of the department
while promising to extend the impact of genetic
diagnostic testing world-wide including, most re-
cently, for infectious diseases.

On the clinical front, in 2016, we established the
Baylor College of Medicine & Chinese University
of Hong Kong Center for Medical Genetics where
our faculty is delivering the department's clinical,
training, and research missions to a global venue.

Since then, we led the development of a new
masters in genetic counseling program and in
2018, it's inaugural class began their studies. Also
in 2018, we launched a new web-based platform
called Consultagene, with the aim of expanding
the department’s comprehensive genetic services
and providing patient education, genetic counsel-
ing, peerto-peer medical consultations in a virtual
setting.

In addition, new and continuing consortia with
the National Institutes of Health and industry are

leading to new gene discoveries and advance-
ments in the implementation of genetics and
genomics. These consortia include the All of Us
program, the Undiagnosed Diseases Network,
the Centers for Mendelian Genomics, the Knock-
out Mouse Phenotyping Program, the Center for
Precision Medicine Models, Clinical Genome Re-
source, Clinical Sequencing Evidence-Generating
Research, and the Rare Diseases Clinical Research
Network.

Ultimately, the innovation that has characterized
our department continues to reside in our two
greatest assets: our renowned faculty and trainees.

Best regards,

Brendan Lee, MD, PhD
Robert and Janice McNair Endowed Chair
in Molecular and Human Genetics
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ABOUT THE DEPARTMENT

he Institute for Molecular Genetics was created

in 1985 and the Department of Molecular and

Human Genetics was established in 1994. The

Department embodies five decades of organized
genetics activity at Baylor College of Medicine. Starting
in the 1970’s with the arrival of Drs. C. Thomas Caskey
and the Henry and Emma Meyer Chair of Molecular and
Human Genetics, Dr. Arthur Beaudet, it has become the
leading genetics program in the world. The Department
is currently chaired by Dr. Brendan Lee, the Robert and
Janice McNair Endowed Chair in Molecular and Human
Genetics, and offers a variety of research, clinical, and
training programs in genetics and genomics to graduate
students, medical students, postdoctoral research fellows,
and medical genetics residents. The Department inte-
grates basic research in genetic and genomic mechanisms;
translational research in disease models; observational and
therapeutic clinical trials in rare and common genetic dis-
eases; prenatal, pediatric, and adult medical genetics care;
and cutting-edge genetic diagnostic services.

There are over 140 primary faculty spanning all of the
missions of the Department. The research faculty are
joined by clinical faculty, genetic counseling faculty, and
diagnostic laboratory faculty in our mission to transform
the practice of medicine with the science of genetics. Our
primary faculty include three members of the National
Academy of Sciences, six members of the National Acad-
emy of Medicine, and six fellows of the American Associa-

tion for the Advancement of Science.

The Human Genome Sequencing Center led by Rich-
ard Gibbs, PhD, Wofford Cain Chair in Molecular and
Human Genetics, is a major strength of the environment,
and the Genome Center faculty members all have primary
academic appointments in the Department. Other aca-
demic centers and units led by genetics faculty include the
Neurological Research Institute led by Dr. Huda Zoghbi
and the Huffington Center on Aging led by Dr. Hui Zheng.

Among genetics departments at U.S. medical schools,
we continue to rank highest in both the number of grants
and total funding from the National Institutes of Health.
Our facilities are equipped with state-of-the-art instrumen-
tation for research in molecular, cellular, and biochemical
genetics. Within the Department are also several special-
ized research centers that galvanize collaboration among
faculty at Baylor. We also have extended our mission
globally with a clinical center at The Chinese University
of Hong Kong and the joint venture diagnostic laboratory,
Baylor Genetics, with H.U. Group Holdings, Inc. The De-
partment's various research, clinical, and administrative
activities currently occupy about 175,000 square feet of
space. Because of this rich environment, the Department
continues to be a magnet for trainees interested in genet-
ics while continuing to grow in breadth, depth, and ac-
complishments.
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Graduate Program in Genetics & Genomics

he Graduate Program in Genetics and Genom-

ics provides outstanding educational opportuni-

ties for students who wish to pursue a career in

research, education, and service in this field. Stu-
dents in the program obtain rigorous training in modern
biology with a special emphasis on genetics and genom-
ics and participate in cutting-edge research on a variety
of topics. Our students have received prestigious awards
and have published their work in some of the best peer-
reviewed journals in the world. The unique environment
of a large medical center provides our students with an
opportunity to obtain education and practical experience
in both basic and applied research.

The program requires a full-time commitment to gradu-
ate studies and research. In order to encourage our stu-
dents to fulfill their potential and to excel in their work, we
provide a competitive stipend, which stretches consider-
ably further in Houston where cost of living is considerably
lower than other large U.S. cities. Students who enroll in
2021-2022 will receive $34,500 per year. Tuition, medi-
cal and dental insurance are also provided. Students who
obtain funding through personal fellowships receive an
additional $3,000 bonus from the Dean of the Graduate
School.

The requirements for graduation include the success-
ful completion of 30 credit hours of required courses and



electives, the successful comple-
tion of the Qualifying Examination,
the conduct of an original research
project, and the submission and de-
fense of a doctoral dissertation.

The research interests of the pro-
gram faculty span a very broad
range from the study of the basic
principles of DNA replication and
repair, through DNA recombina-
tion, cell cycle control, aging, dif-
ferentiation, and development in a
variety of model organisms. Studies
in model organisms, such as E. coli,
yeast, Dictyostelium, flies, worms
and mice, are tightly integrated with
studies on the genetic basis of the
human condition.

For the didactic phase of graduate training, students
participate in a set of foundational courses during the first
two terms, followed by field-specific courses and a variety
of electives. Through these courses, students will obtain
a broad, coherent background in advanced aspects of
genetics, molecular biology, bioinformatics, biochemistry,
and cell biology. This material is supplemented with jour-
nal clubs and seminars. Students interested in Bioinformat-
ics, Genomics and Systems Biology can join a special track
that offers training in mathematics, statistics and computa-
tional biology.

The concentration of the course work in the first year en-
ables the student to progress relatively rapidly to full-time
laboratory research efforts. During the first-year students
also participate in a minimum of three laboratory rotations.
Through these rotations, students obtain valuable hands-
on experience in laboratory techniques and become ac-
quainted with a variety of research topics before selecting
a major thesis advisor.

Students may also take relevant elective courses offered
by other programs at Baylor College of Medicine, Rice
University, The University of Texas Health Science Center-
Houston, or the University of Houston at any time during
their graduate school tenure.

In the first term of the second year of study, the students
write a detailed research proposal on a topic in the field of
their planned dissertation research. They defend the pro-
posal to a qualifying examination committee composed

Uad 1au % y

of faculty from the Graduate Program in Genetics & Ge-
nomics. Upon successful completion of the examination
and course work, the student is admitted to candidacy to
pursue a thesis research project under the direction of the
major advisor and a thesis advisory committee. Following
admission to candidacy, students will receive a $1,000
travel grant from the department to initiate their participa-
tion in national meetings.

The final step to completion of the PhD is the prepa-
ration of a thesis and presentation of the thesis research
work at a formal seminar, followed by a dissertation de-
fense to the thesis committee.

Throughout the duration of this program, graduate stu-
dents are required to attend seminars. Several excellent
seminar programs exist within the Department of Molecu-
lar and Human Genetics, as well as in the other depart-
ments at Baylor College of Medicine. The Department of
Molecular and Human Genetics also sponsors an annual
two-day research retreat where department faculty, grad-
uate students, and postdoctoral trainees present and dis-
cuss their research in an informal interactive atmosphere.

Program Leadership

Gad Shaulsky, Ph.D., Director

Graeme Mardon, PhD, Associate Director
Meng Wang, PhD, Associate Director

Graduate Program Administrator
Judi Coleman

GRADUATE AND MEDICAL EDUCATION
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Medical Student Education

dvances in medical genetics, molecular biol-

ogy, and biomedical technology have applica-

tions to the treatment of disease, determination

of disease risk, use of pharmacologic agents,
reproductive counseling and interpretation of clinical labo-
ratory data. In addition, ethical and public policy concerns
related to the application of these technologies to promote
health and wellness have emerged. Formerly known as the
Medical School Genetics Track, the Genetics & Genomics
Pathway at BCM was established in 2011 and is the first of
its type in the nation that provides an unique and valuable
opportunity to the medical students to integrate genetics
early on in their medical careers.

The goals of the Genetics & Genomics Pathway include
(1) building upon the foundation of basic genetic principles
provided in the pre-clerkship curriculum with additional
educational experiences in medical genetics, (2) enhanc-

Postdoctoral Research Training

he faculty of the Department of Molecular and
Human Genetics have incredibly broad expertise
and have mentored hundreds of postdoctoral
trainees. Faculty research projects range from
seeking answers to basic science questions to those that

ing the medical student experience to include a broad
range of patients with genetic conditions, (3) developing
the student's appreciation for the nuances inherent in per-
forming and interpreting clinical diagnostic analyses in bio-
chemical genetics, molecular genetics, and cytogenetics,
(4) providing an interface with the community and patient
advocacy organizations to enhance the student's aware-
ness of the social concerns faced by patients and families
affected with genetic disorders, (5) preparing students to
author a scholarly publication and/or presentation, and (6)
providing students a means to network and discuss various
topics and career paths in medical genetics.

Track Directors
Lorraine Potocki, MD
Shweta Dhar, MD, MS

are immediately clinically applicable. Specific research in-
terests are outlined in the profile of each faculty member.
Applications for and inquiries regarding research postdoc-
toral training should be addressed to the specific faculty
member.

Residency and Fellowship Training Programs

he Medical Genetics and Genomics Residency

Programs are accredited by the Accreditation

Council for Graduate Medical Education (ACG-

ME). We are currently approved for a total of 12
residents. Available training pathways include a two-year
residency in medical genetics and genomics (individuals
enter this program after at least two years of other resi-
dency training) and four-year combined programs in pedi-
atrics/medical genetics and genomics, internal medicine/
medical genetics and genomics, and maternal-fetal medi-
cine and medical genetics and genomics. In all of these
pathways, genetics clinical time is divided between rota-
tions on the inpatient consultation service, outpatient gen-
eral adult & pediatric clinics, prenatal clinics, subspecialty
clinics, and the diagnostic laboratory as well as attending
conferences and didactic teaching sessions.

The clinical experience is both thorough and extensive
because of the availability of the department's large clini-

cal services and clinical faculty; the comprehensive diag-
nostic laboratory which includes areas of cytogenetics,
biochemical genetics, and molecular genetics; the active
prenatal diagnosis program; and a number of medically
relevant research projects. A variety of lectures and con-
ferences on clinical and research topics is provided to
residents. Most graduates of the program stay additional
years in a mentored faculty position developing indepen-
dent research programs. Trainees are strongly encouraged
to seek individual fellowships and NIH K awards for salary
and research funding beyond the second year of training,

Medical Biochemical Genetics is a fellowship that is ac-
credited by the ACGME for Medical Genetics. This one-
year training program is meant to provide additional train-
ing in the diagnosis and management of inborn errors of
metabolism. Board certification is available through the
American Board of Medical Genetics and Genomics.



Laboratory fellowships are also accredited by the AC-
GME. We offer two-year fellowship training in Clinical
Biochemical Genetics and Laboratory Genetics and Ge-
nomics (LGG). LGG is a new specialty of the ABMGG that
incorporates training in both molecular and cytogenetic
techniques, interpretation, and laboratory management in
a single 24-month program.

Training takes place at our diagnostic laboratory, Baylor
Genetics, where there are over two dozen laboratory di-
rectors as well as 30+ physicians and genetic counselors
who support the program through direct supervision of
fellows as well as through the didactic curriculum.

Program Leadership

V. Reid Sutton, MD, Director of Clinical Resi-

dency and Fellowship Programs

Lindsay Burrage, MD, PhD, Assistant Program Director

Pengfei Liu, PhD, LGG Program Director
Weimin Bi - LGG Associate Program Director

ABMGG Residency & Fellowship Program Coordinator
Kara Bartel

Baylor College of Medicine and The Chinese University
of Hong Kong Joint Center for Medical Genetics

n 2016, Baylor College of Medicine and The Chinese

University of Hong Kong signed a memorandum of un-

derstanding to establish the Baylor College of Medicine

and Chinese University of Hong Kong Joint Center for
Medical Genetics in Hong Kong with a vision to create a
platform for training in clinical genetics, expert services for
genetic disorders and collaborative research with cutting-
edge genetic and genomic technology.

The aims of the Center are to (1) Design, establish and
conduct training in clinical genetics and genetic counsel-
ing to fit the increasing need in Asia, (2) Establish a leading
referral center in Asia for prenatal and postnatal diagnosis

and treatment for patients and families affected by genetic
disorders, (3) Conduct cutting-edge, interdisciplinary re-
search that will lead to advances in screening, diagnosis
and therapy of genetic disorders as well as new discovery
of the underlying genetic mechanism of diseases, and (4)
Host an annual pan-Asian symposium on state-of-the art
clinical genetics care and research.

Center Director:
Fernando Scaglia, MD

GRADUATE AND MEDICAL EDUCATION
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Genetic Counseling Program

he Baylor College of Medicine Genetic Counsel-

ing Program was accredited in February of 2018

and graduated its first class of eight students in

June of 2020. Beginning in 2020, the program will
now admit 9 students and has plans to increase enrollment
further in the future. The 22-month master of science de-
gree program is under the School of Health Professions
and was founded with the financial and logistical support
of the Department of Molecular and Human Genetics. The
program provides students a transformative education in
genomic medicine and the practice of genetic counseling.
The outstanding clinical, laboratory, and research faculty
will empower graduates to be empathic professionals with
effective critical thinking skills. Clinical rotations include a

variety of genetics clinics at Texas Children’s Hospital, the
VA Medical Center, the McNair campus clinics, the Baylor
Clinic, The Pavilion for Women, and the Children’s Hospi-
tal of San Antonio, among others. Program differentiators
include the Variant Interpretation and Counseling course
developed in collaboration with the diagnostic laborato-
ry, Baylor Genetics, and the diverse research opportuni-
ties available within the department and across the Texas
Medical Center.

Program Leadership:

Daniel Riconda, MS, CGC, Director

Salma Nassef, MS, CGC, Associate Director
Lindsay Burrage, MD, Medical Director
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Division of Clinical Affairs
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GENETIC COUNSELING

Genetics Clinics

aylor College of Medicine's Clinical Genetics

Program holds the position as the largest clinical

genetics program in the country, with 14 clinics

spanning across multiple genetics-based disci-
plines. The clinical program takes a collaborative approach
that provides patients with the highest quality, individual-
ized care available.

Our pediatric genetics clinic service provides inpatient
care to complex and/or critically ill patients at Texas Chil-
dren's Hospital and several other hospitals within the Texas
Medical Center and outside (TCH West Campus and The
Woodlands Texas Children’s Hospital). The outpatient pe-
diatric genetics clinics are among the largest genetics clin-
ics in the country and see over 5000 patients annually.
Specialty clinics within the Texas Children's Genetics Clinic
include the metabolic clinic, neurofibromatosis clinic, skel-

etal dysplasia clinic, and the cancer genetics clinic. We also
have many multidisciplinary team clinics like the Angelman
Syndrome Clinic, the Center for Genetic Disorders of Obe-
sity, and the Gender Medicine Program. The Department
of Molecular and Human Genetics clinical and genetic
counseling faculty also staff joint clinics with other depart-
ments such as otolarynogology (otogenetics), neurology
(neurogenetics/tuberous sclerosis), plastic surgery (Cranio-
facial/Craniosynostosis clinics).

The Adult Genetics Clinic is also one of the largest genet-
ics clinics in the country providing inpatient and outpatient
care exclusively for adult patients in 3 different healthcare
settings (Baylor Medicine, Harris Health system, the Mi-
chael E. Debakey VAMC, and through our virtual Consul-
tagene Clinic). We see patients for a wide variety of indi-
cations including, but not limited to, intellectual disability,




CLINICAL AFFAIRS

neurological conditions, cardiovascular
conditions, connective tissue disorders,
and for a personal or family history of can-
cer. In addition to our general genetics
clinics, we also have a specialized Ehlers-
Danlos Syndrome clinic, a Metabolic and
Genetic Disorders of the Bone Clinic, and
a Cardiomyopathy clinic.

As the largest of its kind in the U.S., the
Baylor Prenatal and Reproductive Genet-
ics Clinic at Texas Children’s Pavilion for
Women, and its five associated Texas
Children’s  community ~Maternal-Fetal
Medicine clinics is comprised of physi-
cians and genetic counselors that special-
ize in prenatal and reproductive genetic
risk assessment and the latest genetic test-
ing technologies. Through its partnership

with the department and the Texas Children’s Fetal Cen-
ter, the clinic offers world renowned clinical and research

CLINIC LOCATIONS

Adult Genetics

Harris Health System Smith Clinic
2525-A Holly Hall St.

Houston, TX 77054

Michael E. DeBakey VA Medical Center
1st Floor, Specialty Clinic

2002 Holcombe Blvd.

Houston, TX 77030

Baylor College of Medicine Medical
Center - McNair Campus

7200 Cambridge St., 9th Floor

Suite 9A, Houston, TX 77030

Telegenetic Counseling
Consultagene Clinic
www.consultagene.org

Pediatric Genetics

Texas Children's Hospital - Clinical Care Center
6701 Fannin St., 16th Floor

Houston, TX 77030

Prenatal & Reproductive Genetics
Texas Children's Pavillion for Women
6651 Main Street

Houston, TX 77030

expertise in prenatal and reproductive genetic screening
and diagnostic testing, and counseling. Prenatal and repro-
ductive genetic counseling is also available virtually at our
Consultagene Clinic.

By having a strong foundation of physicians and other
team members, which include genetic counselors, meta-
bolic nurses, and dietitians, we are able to achieve the op-
timal patient care, while advancing the practice of medi-
cine through genetics. Collectively, our goal is to improve
the lives of our patients by providing valuable information
from which they can make the best possible decisions.

Clinical Faculty

April Adams, MD

Carlos A. Bacino, MD

Mir Reza Bekheirnia, MD
Lindsay Burrage, MD, PhD
William J. Craigen, MD, PhD
Shweta Dhar, MD, MS
Christine M. Eng, MD

Kevin Glinton, MD, PhD
Seema Lalani, MD

Brendan Lee, MD, PhD
James R Lupski, MD, PhD
Keren Machol, MD

Ronit Marom, MD, PhD
Chaya Murali, MD

David R. Murdock, M.D.
Sandesh C.S. Nagamani, MD
Sharon E Plon, MD, PhD
Jennifer Ellen Posey, MD, PhD
Lorraine Potocki, MD

Laurie Robak, MD, PhD



Clinical Faculty (cont.)
Fernando Scaglia, MD

Daryl A. Scott, MD, PhD
Claudia Soler-Alfonso, MD

V. Reid Sutton, MD

Ignatia B. Van den Veyver, MD
Michael Francis Wangler, MD
Lilei Zhang, MD, PhD

Genetic Counseling

he Department of Molecular and Human Genet-

ics is home to approximately 45 genetic counsel-

ors that cover a wide range of clinical subspecial-

ties, as well as research and laboratory positions.
Genetic counselors communicate complex genetics in-
formation to families in a way that is understandable and
practical to them, while supporting patients and their fam-
ily members throughout the genetics evaluation and test-
ing process.

Prenatal genetic counselors provide services to patients
throughout Houston and surrounding community areas,
including Katy, The Woodlands, Sugar Land, Texas, and via
tele-genetic counseling through the Consultagene service.
Prenatal genetic counselors often see couples who have
an increased chance of having a child with a genetic con-
dition or birth defect, women who will be over 35 years
of age at the time of delivery, couples who have had re-
current miscarriages, couples who are carriers of a genetic
condition, or couples who have had abnormal genetic or
prenatal screening tests, such as ultrasound or amniocen-
tesis.

Pediatric genetic counselors often work
as part of a team and evaluate children in
the inpatient and outpatient setting at Tex-
as Children’s Hospital main campus and
The Woodlands. They evaluate children
in the general genetics clinics for a variety
of indications, such as developmental de-
lay, autism spectrum disorders, intellectu-
al disability, inborn errors of metabolism,
skeletal dysplasias, hearing loss, and birth
defects. They also see patients in many
other subspecialty and muiltidisciplinary
clinics for gender medicine, craniofacial
and craniosynostosis, hematology, cardi-
ology, neurology and pediatric oncology.

Adult and cancer genetic counselors
evaluate and offer genetic counseling ser-
vices to patients at the McNair campus,

Nursing Faculty
Alicia Turner, MSN, RN, FNP-C
Susan Fernbach BA, RN

Nursing Staff
Saima Ali, MSN, RN, FNP-C
Dianne Bauri, MS, RN, FNP-C

Michael E. DeBakey VA Medical Center, Harris Health
Clinic, and The Lester and Sue Smith Breast Center. Com-
mon indications for referral to an adult genetics clinic or
genetic counselor include increased risk of hereditary can-
cer syndromes, such as breast and ovarian cancer, colon
cancer, and thyroid cancer; adults with intellectual disabil-
ity, connective tissue disorders, such as Ehlers-Danlos syn-
drome, or mitochondrial disorders.

In addition to the clinical genetic counselors, the Depart-
ment has many laboratory genetic counselors at Baylor
Genetics who sign-out genetic test results, communicate
results to physicians, genetic counselors, and other pro-
viders, and assist with genetic variant interpretation for
complex genetic and genomic data. Genetic counselors
who have a primary focus in research participate in clinical
research activities and also work closely with Baylor Ge-
netics and clinical geneticists for new gene identification.
Collaboration on various projects and sharing of genomic
data is routinely performed with researchers, physicians,
and other genetic specialists around the world.

CLINICAL AFFAIRS
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Genetic Counseling Faculty
Sandra Darilek, MS, CGC
Tanya N. Eble, MS, CGC

Laura I. Ellis, MS, CGC

Jamie Fong, MS, CGC

Rachel Franciskovich, MS, CGC
Georgiann Garza, MS

Sarah Huguenard, MS, CGC
Melissa Hsu, MS, CGC

Dana Knutzen, MS, CGC
Andrea M. Lewis, MS, CGC
Rebecca Littlejohn, MS, CGC
Pilar Magoulas, MS, CGC
Veena S. Mathur, MS, CGC

Jilll Anne Mokry, MS, CGC
Andrea Moon, MS, CGC
Salma A. Nassef, MS, CGC
Kimberly M. Nugent, MS, CGC
Sandra K. G. Peacock, MS, CGC
Daniel Riconda, MS, CGC

Patricia Robbins-Furman, MPH, BS, CGC

Eric S. Schmitt, PhD, MS, CGC
Sarah R. Scollon, MS, CGC
Tamara Solomon, MS, CGC
Samantha Stover, MS, CGC
Haley Streff, MS, CGC

Cathy Sullivan, MS, CGC
Patricia Ward, MS, CGC
Lauren Westerfield, MS, CGC

Genetic Counseling Staff
Rachel Ault, MS, CGC
Taylor Beecroft, MS, CGC
Matthew Burgess, MAPP, CGC
Ashlee Byrnes, MS, CGC
Katie Chan, MS, CGC
Lauren Desrosiers, MS, CGC
Wanda Dosal, RN

Stacey Edwards, MS, CGC
Amanda Gerard, MS, CGC
Hannah Helber, MS, CGC
Megan Hoenig, MS, CGC
Jessica Honkomp, MS, CGC
Olivia Juarez, MMSC

Emily Magness, MS, CGC
Liz Mizerik, MS, CGC

Tiffany Nguyen Dolphyn, MS, CGC

Roa Sadat, MS, CGC
Rachel Thomas, MS, CGC
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Division of Diagnhostic Laboratory Affairs

Linyan Meng, PhD
Division Director

—> Clinical Genomic
Information
Baylor Genetics Pat Ward, MS, CGC
Division Director
. Genetic Counseling
Sarah Elsea, PhD Baylor Genetics
Sr. Director
Biochemical/MAPS
Baylor Genetics
Qin Sun, PhD
_ Division Director
Biochemical
Chad Shaw, PhD Baylor Genetics
Sr. Director, Innovation
Christine Eng, MD Lab .
Vice Chair Baylor Genetics
DIAGNOSTIC
LABORATORY
AFFAIRS
Janice Smith, PhD
Baylor Genetics Division Director
Chief Quality Cytogenetics
Officer & Chief (7 EEEd B
s . Weimin Bi, PhD
Medical Officer Division Director
. CMA
Brian Merritt, MD Baylor Genetics
Division Director
5 Cancer Center for
Excellence
Baylor Genetics
Pengfei Liu, PhD
Director
. Clinical Research
Baylor Genetics
Fan Xia, PhD
Sr. Director
=

Clinical Genomics
Baylor Genetics

Baylor Genetics

stablished in February 2015, Baylor Genetics, a

joint venture between Baylor College of Medi-

cine and H.U. Group Holdings, Inc., strives to

continue the tradition of genetic innovation and
operational excellence. By building on the Department of
Molecular and Human Genetics's strengths in research
and discovery, Baylor Genetics' mission is to provide qual-
ity genetic testing services relevant to twenty-first century
precision medicine. Over the last 40 years, the laboratory
has been at the forefront of introducing novel genetic test-
ing modalities that have provided more tools to diagnose
patients with genetic disorders. The innovative testing
approaches developed at the laboratory include whole
exome sequencing, Chromosomal Microarray Analysis

(CMA), universal carrier screening, non-invasive prenatal
testing for single gene disorders, metabolomics, and most
recently, COVID-19. In addition, Baylor Genetics contin-
ues to offer high quality comprehensive diagnostic ser-
vices in all areas of genetic testing including cytogenetics,
biochemical genetics, cancer genetics, mitochondrial ge-
netic testing, and next-generation sequencing panels. The
laboratory is located in Houston’s Texas Medical Center
with over 200 employees, over 3,000 tests available and
clients in all 50 states and in 16 countries. Baylor Genetics
is well-equipped with cutting-edge diagnostic equipment,
allowing it to efficiently generate the most accurate clinical
genetic data.




DIAGNOSTIC LABORATORY AFFAIRS

Baylor Genetics is committed to its academic foundation through publications and grants to participate in federally funded
large-scale sequencing projects. In addition, we are committed to the education and training of the next generation of clinical
and laboratory diagnosticians through our participation in the ABMGG fellowship programs.

Diagnostic Laboratory Faculty
Carlos Bacino, MD

Weimin Bi, PhD

Sau Wai Cheung, PhD, MBA
Hongzheng Dai, PhD

Sarah Elsea, PhD

Christine Eng, MD
Shashikhant Kulkarni, MS, Ph.D, FACMG
Ning Liu, PhD

Pengfei Liu, PhD

Linyan Meng, PhD

Brian Yang Merritt, MD
Jennifer Scull, PhD

Chad A. Shaw, PhD

Janice Smith, PhD

Qin Sun, PhD

Vernon Sutton, MD

Yue Wang, PhD

Shu Wen, MD, PhD

Lee-Jun Wong, PhD

Fan Xia, PhD



COMMUNITY ENGAGEMENT AND DIVERSITY

he Office of Community

Engagement and Diversity

within the Department

of Molecular and Human
Genetics as expanded significantly
over the past year. The co-direc-
tors of the office, Susan Fernbach,
RN, BSN and Debra Murray, PhD,
are Faculty Ambassadors for the
BCM Office of Institutional Diver-
sity, Inclusion, and Equity. The de-
partment's Diversity and Inclusion
Strategic Planning Committee has
grown to include Laura Rosales,
MBA, D Ed. and Graeme Mardon,
PhD. The committee created a
department dashboard to guide
future action steps to promote an
environment that fosters inclusion
for faculty, trainees, and staff.

The office offers multiple approaches to educa-
tion, recruitment, and diversity and inclusion activities.

The Evenings with Genetics series has served the com-
munity for 14 years. The department partners with Texas
Children’s Hospital to offer this free seminar series open to
the public. A genetics faculty member paired with faculty
from another specialty area, plus a parent expert speaker
are highlighted at each seminar. The goals of the series are
to provide current genetic and genomic information in a
clear, plain-language manner, offer support and resources
to families impacted by a genetic disorder and foster in-
terdepartmental collaborations. Seminars include simulta-
neous translation to Spanish. This series has expanded to
include statewide genetic outreach, in collaboration with
the UT Texas Center for Disability Studies and the Texas
Department of State Health Services.

A Lunch and Learn series (in-person) and the Careers in
Genetics and Genomics series (virtual) are provided an-
nually to present the genetics and genomics career path
to high school and undergraduate students. The office will
offer sessions at national meetings (Annual Biomedical Re-
search Conference for Minority Students, Latin Medical
Student Association) to introduce genetics and genomics
and encourage participation in the field.

Baylor TCH Rare Disease Day

The Medical Genetics Diversity Visiting Students Pro-
gram was developed by the office to provide under-repre-
sented 4th year medical students a 4-week clinical rotation
beginning in 2021. Another virtual program, the Town Hall
Medical Genetics Career Options, will offer 3rd and 4th
year medical students the opportunity to learn about these
careers from department faculty. This program is set to be-
gin in Spring 2021.

Diversity and inclusion activities include the “Let’s Learn
about One Another: the African American Experience”
program that began in the summer of 2020 to address the
social injustice climate. The Let’s Learn program will con-
tinue to expand to include perspectives from the depart-
ment’s widely diverse members. The office also curates an
online library of articles regarding diversity, inclusion, and
equity for department faculty, trainees, and staff.

Co-Directors
Susan Fernbach, RN, BSN
Debra Murray, PhD
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Division of Research Affairs

GENETIC & GENOMIC
STRUCTURE &
FUNCTION

Brendan Lee, MD, PhD

CHAIRMAN

RESEARCH AFFAIRS
Vice Chairs

GENETIC DISEASE
—> MECHANISMS &
THERAPY

Shashi Kulkarni, PhD
Baylor Genetics Lab

Kim Worley, PhD
Basic & Translational

Sandesh Nagamani, MD
Clinical

COMPUTATION,
L BIOINFORMATICS, &
BIOSTATISTICS

Erez Lieberman Aiden, PhD
Benjamin Arenkiel, PhD
Carlos Bacino, MD

David Bates, PhD

Hugo Bellen, PhD
Penelope Bonnen, PhD
Juan Botas, PhD

' Lindsay Burrage, MD, PhD

C Thomas Caskey, MD
Hsiao-Tuan Chao, MD, PhD
Rui Chen, PhD

Chonghui Cheng, MD, PhD
William Craigen, MD, PhD
Weiwei Dang, PhD
Shweta Dhar, MD

Herman Dierick, MD

Sarah Elsea, PhD

Christine Eng, MD

Florent Elefteriou, PhD
Richard Gibbs, PhD

Andy Groves, PhD

* Philip Hastings, PhD

Jason Heaney, PhD
Christophe Herman, PhD
Grzegorz Ira, PhD
Hamed Jafar-Nejad, MD
Milan Jamrich, PhD
Benny Kaipparettu, Ph.D.
Seema Lalani, MD
Richard Lewis, MD
Hongjie Li, PhD

Olivier Lichtarge, MD, PhD
James Lupski, MD, PhD
Graeme Mardon, PhD

Aleksandar Milosavljevic, PhD
Daisuke Nakada, PhD

David Nelson, PhD

Philip Ng, PhD

Dongsu Park, PhD

Jennifer Posey, MD, PhD
Lorraine Potocki, MD
Jeffrey Rogers, PhD

Susan Rosenberg, PhD
Rodney Samaco, PhD
Fernando Scaglia, MD

Daryl Scott, MD, PhD

Gad Shaulsky, PhD

Chad Shaw, PhD

Joshua Shulman, MD, PhD
Pawel Stankiewicz, MD, PhD
V. Reid Sutton, MD

Meng Wang, PhD

Michael Wangler, MD
Thomas Westbrook, PhD
Lee-Jun Wong, PhD

Shinya Yamamoto, DVM, PhD
Jihye Yun, PhD

Bing Zhang, PhD

Lilei Zhang, MD, PhD

Hui Zheng, PhD

Huda Zoghbi, MD
Chenghang Zong, PhD

Tao Wu, PhD

PRIMARY RESEARCH FACULTY

The research interests of the more than 70 primary research faculty members span important areas,

such as:

Bioinformatics

Bacterial genetics

Cancer genetics

Cytogenetics

DNA recombination

Drosophila genetics

Functional genomics

Gene therapy

Gene structure and expression

Genome sequencing

Genomic stability, replication, and repair
Mammalian development

Metabolic basis for inherited human disease
Mouse molecular genetics
Neurogenetics

Somatic cell genetics
Yeast genetics



ErRez AIDEN, PHD

Assistant Professor, Department of Molecular and Human Genetics

Assistant Professor, Departments of Computer Science and Computational and
Applied Mathematics, Rice University

Faculty Member, Graduate Programs in Genetics & Genomics and Quantitative &
Computational Biosciences

CPRIT Scholar in Cancer Research

McNair Scholar

PhD, Harvard University and Massachusetts Institute of Technology
Fellow, Society of Fellows, Harvard University

RESEARCH INTERESTS

A genome is a miraculous physical mechanism for compactly storing and rapidly access-
ing information. Recall that if you put a pair of headphones into your pocket, and pull them
out a bit later, they’ve invariably become phenomenally extremely entangled. But the giant
neurons of the sea hare, Aplysia, can take 200 trillion base pairs - half a petabyte of informa-
tion, a genomic string the length of Long Island - and fold them up into a nucleus smaller
than cubic millimeter, while keeping all those bits accessible at all times.

A central focus of our laboratory is the question of how this is achieved. How are the
genomes of humans and other organisms folded, in three dimensions, inside the nucleus of a
functioning cell? How is this folding process controlled? And how does this folding process, in
turn, regulate other cellular processes? To answer these questions, we combine the devel-
opment of new molecular technologies, high-throughput DNA sequencing, and powerful
computational and biophysical methods.

The lab is also extremely interested in the application of massive datasets - including, but
not limited to, DNA sequence - as an approach to making previously intractable measure-
ments possible. Three-dimensional genome sequencing is one example, but there are many,
many others, ranging across many fields. Recently, our work led to the creation of the Google
Ngram Viewer.

E-mail: Erez.Aiden@bcm.edu

PRIMARY RESEARCH FACULTY

SELECTED PUBLICATIONS

Lieberman-Aiden E*, van Berkum NL*, Williams L, Imakaev
M, Ragoczy T, Telling A, Amit |, Lajoie BR, Sabo P,
Dorschner MO, Sandstrom R, Bernstein B, Bender MA,
Groudine M, Gnirke A, Stamatoyannopoulos J, Mirny LA,
Lander ES, Dekker J (2009). Comprehensive mapping of
long-range interactions reveals folding principles of the
human genome. Science. 326: 289-93. *Equal contribution

Mikkelsen TS, Ku M, Jaffe DB, Issac B, Lieberman E, Gian-
noukos G, Alvarez P, Brockman W, Kim TK, Koche RP, Lee
W, Mendenhall E, O'Donovan A, Presser A, Russ C, Xie X,
Meissner A, Wernig M, Jaenisch R, Nusbaum C, Lander ES,
Bernstein BE (2007). Genome-wide maps of chromatin
state in pluripotent and lineage-committed cells. Nature.
448: 553-60.

Michel JB*, Shen YK, Aiden AP, Veres A, Gray MK; Google
Books Team, Pickett JP, Hoiberg D, Clancy D, Norvig P,
Orwant J, Pinker S, Nowak MA, Aiden EL* (2011). Quanti-
tative analysis of culture using millions of digitized books.
Science. 331: 176-82. *Co-corresponding, equal contribu-
tion

Lieberman E*, Michel JB*, Jackson J, Tang T, Nowak MA
(2007). Quantifying the evolutionary dynamics of lan-
guage. Nature. 449: 713-6. *Equal contribution

Ohtsuki H, Hauert C, Lieberman E, Nowak MA (2006). A
simple rule for the evolution of cooperation on graphs and
social networks. Nature. 441: 502-5.

Lieberman E, Hauert C, Nowak MA (2005). Evolutionary
dynamics on graphs. Nature. 433: 312-6.

Lieberman Aiden E (2011). GE Prize essay. Zoom!: explor-
ing how the genome folds by using three dimensional
genome sequencing. Science. 334: 1222-3.

Shendure J, Lieberman Aiden E (2012). The expanding
scope of DNA sequencing. Nat Biotechnol. 30: 1084-94.

Dekker J, Wysocka J, Mattaj |, Lieberman Aiden E, Pikaard
C (2013). Nuclear biology: what's been most surprising?
Cell. 152: 1207-8.
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BENJAMIN R. ARENKIEL, PHD

Associate Professor, Departments of Molecular and Human Genetics and
Neuroscience

Faculty Member, Graduate Programs in Development, Disease Models &
Therapeutics; Genetics & Genomics; Neuroscience; and Developmental Biology
McNair Scholar

PhD, University of Utah School of Medlicine
Howard Hughes Medlical Institute Postdoctoral Fellow, Duke University

RESEARCH INTERESTS

The main focus of our research is to elucidate the basic mechanisms that guide the forma-
tion and maintenance of neural circuits in the mammalian brain. Using the mouse, we apply
multifaceted experimental approaches that combine genetic engineering, optical imaging,
and electrophysiological recording techniques to better understand synapse and circuit func
tion.

The blueprints for most neural circuits are specified by innate, genetic mechanisms.
However, circuit architecture and function can be strongly influenced by neural activity and
sensory experience. Towards better understanding the interplay between experience, syn-
aptic connectivity, and circuit function, we are currently pursuing three main projects in our
laboratory: 1) Identifying activity dependent- and neuropeptide signaling mechanisms that
underlie synaptogenesis and circuit formation of adult-born neurons. 2) Mapping functional
connectivity of brain circuits, with emphasis on the olfactory system, basal forebrain, and
hypothalamus. 3) Elucidating signaling and circuit mechanisms that govern feeding behavior.

The long-term goal of our research is to form a deeper understanding of the mechanisms
that guide synapse and circuit formation, with the ultimate hope of gaining insight towards
repairing or replacing damaged or diseased nervous tissue. At the heart of this experimenta-
tion is the continued effort to develop novel tools and techniques to mark and manipulate
neurons and their associated circuits.

E-mail: arenkiel@bcm.edu

SELECTED PUBLICATIONS

Liu G, Froudarakis E, Patel JM, Kochukov MY, Pekarek B,
Hunt PJ, Patel M, Ung K, Fu CH, Jo J, Lee HK, Tolias AS,
Arenkiel BR (2019). Target specific functions of EPL inter-
neurons in olfactory circuits. Nat Commun. 10: 3369.

Patel JM, Swanson J, Ung K, Herman A, Hanson E, Ortiz-
Guzman J, Selever J, Tong Q, Arenkiel BR (2019). Sensory
perception drives food avoidance through excitatory basal
forebrain circuits. ELife. 8. pii: e44548.

Tepe B, Hill MC, Pekarek BT, Hunt PJ, Martin TJ, Martin JF,
Arenkiel BR (2018). Single-Cell RNA-Seq of Mouse
Olfactory Bulb Reveals Cellular Heterogeneity and
Activity-Dependent Molecular Census of Adult-Born
Neurons. Cell Rep. 25: 2689-2703.e3.

McClard CK, Kochukov MY, Herman |, Liu Z, Eblimit A,
Moayedi Y, Ortiz-Guzman ], Colchado D, Pekarek B,
Panneerselvam S, Mardon G, Arenkiel BR (2018). POUG6f1
Mediates Neuropeptide-Dependent Plasticity in the Adult
Brain. ] Neurosci. 38: 1443-1461.

Herman AM, Ortiz-Guzman J, Kochukov M, Herman |,
Quast KB, Patel JM, Tepe B, Carlson JC, Ung K, Selever J,
Tong Q, Arenkiel BR (2016). A Cholinergic basal forebrain
feeding circuit modulates appetite suppression. Nature.
538: 253-256.

Huang L, Ung K, Garcia |, Quast KB, Cordiner K, Saggau P,
Arenkiel BR (2016). Task Learning Promotes Plasticity of
Interneuron Connectivity Maps in the Olfactory Bulb. J
Neurosci. 36: 8856-71.

Garcia I, Quast KB, Huang L, Herman AM, Selever J,
Deussing JM, Justice NJ, Arenkiel BR (2014). Local CRH
Signaling Promotes Synaptogenesis and Circuit Integration
of Adult-Born Neurons. Dev Cell. 30: 645-59.

Herman AM, Huang L, Murphey DK, Garcia |, Arenkiel BR
(2014). Cell type-specific and time-dependent light expo-
sure contribute to silencing in neurons expressing
Channelrhodopsin-2. ELife. 3: e01481.

Garcia I, Huang L, Ung K, Arenkiel BR (2012). Tracing
Synaptic Connectivity onto Embryonic Stem Cell-Derived
Neurons. Stem Cells. 30: 2140-51.



CARLOS A. BAciNno, MD, FACMG

Professor and Vice Chair for Clinical Affairs, Department of Molecular and Human
Genetics

Director, Pediatric Genetics Clinic

Medical Director, Cytogenetics Laboratory, Baylor Genetics

Chief, Genetics Service, Texas Children’s Hospital

MD, University of Buenos Aires, Argentina
Intern and Resident, Pediatrics, Beth Israel Medical Center
Fellow, Clinical Genetics and Cytogenetics, Cedars-Sinai Medical Center, Los Angeles

RESEARCH INTERESTS

I am primarily devoted to clinical activities in the Department of Molecular and Human
Genetics. | am actively involved in the diagnosis and management of pediatric patients with
birth defects and rare genetic disorders. | am also involved in bone disorders and participate
at the Skeletal Dysplasia Clinic at TCH. | am directly involved in the supervision and train-
ing of medical students, residents, and fellows. As the Medical Director of the Cytogenetics
Laboratory at Baylor Genetics, | have a particular interest in structural chromosomes abnor-
malities and genomic disorders (contiguous gene deletion/duplication syndromes), as well as
the mechanism of origin of these chromosome anomalies:

Epigenetics and Disorders of Imprinting: | have worked in Angelman syndrome clinical
research for many years. We have followed a large group of Angelman syndrome patients at
Texas Children's Hospital for developmental, clinical and EEG evaluations on a yearly basis.
This study has allowed us to understand progression, complications and co-morbidities asso-
ciated with this condition. We have also concluded two different clinical trials using betaine,
creatine and folic acid/metafolin to promote methylation and revert silencing of the paternal
allele. These trials attempted to ameliorate the symptoms of Angelman syndrome by altering
patterns of imprinting. We also did look at the effects of levo-dopa in children with AS in a
separate trial. We currently run a multidisciplinary clinic for patients with Angelman syndrome
that started with the support of the Angelman Syndrome Foundation.

Skeletal dysplasias: Through the sponsorship of a private pharmaceutical company, |
am involved in several studies, 1) looking at anthropometric measurements in a cohort of
patients with achondroplasia, 2) enrolling patients with achondroplasia for a phase 3 clinical
research trial using a recombinant cartilage natriuretic peptide (CNP) also known as vosorit-
ide (BMN-111), a drug we anticipate will promote linear and more proportionate skeletal
growth in these patients. This is a double-blind drug-placebo trial divided in two groups for
patients over and under 5 years of age.

Undiagnosed Disease Network (UDN): Our group is currently recruiting and studying
patients with rare disorders under the auspices of the UDN consortium. This effort has been
possible by a grant awarded by the NIH under the leadership of Dr. Brendan Lee and will
give us a unique ability to characterize rare disorders, make new discoveries, and gain insight
on novel genes and disease mechanisms. | am currently the co-Pl of this effort.

E-mail: cbacino@bcm.edu

PRIMARY RESEARCH FACULTY

SELECTED PUBLICATIONS

Tokita MJ, Braxton AA, Shao Y, Lewis AM, Vincent M, Kiiry
S, Besnard T, Isidor B, Latypova X, Bézieau S, Liu P, Motter
CS, Melver CW, Robin NH, Infante EM, McGuire M, EI-
Gharbawy A, Littlejohn RO, McLean SD, Bi W, Bacino CA,
Lalani SR, Scott DA, Eng CM, Yang Y, Schaaf CP, Walkie-
wicz MA (2016). De Novo Truncating Variants in SON
Cause Intellectual Disability, Congenital Malformations,
and Failure to Thrive. Am J] Hum Genet. 99: 720-7.

Boone PM, Chan YM, Hunter JV, Pottkotter LE, Davino NA,
Yang Y, Beuten J, Bacino CA (2016). Increased bone turn-
over, osteoporosis, progressive tibial bowing, fractures,
and scoliosis in a patient with a final-exon SATB2 frameshift
mutation. Am ] Med Genet A. 170: 3028-3032.

Bi W, Cheung SW, Breman AM, Bacino CA (2016). 4p16.3
microdeletions and microduplications detected by chro-
mosomal microarray analysis: New insights into
mechanisms and critical regions. Am J Med Genet A. 170:
2540-50.

llari R, Agosta G, Bacino C (2016). 5q14.3 deletion neuro-
cutaneous syndrome: Contiguous gene syndrome caused
by simultaneous deletion of RASA1 and MEF2C: A pro-
gressive disease. Am ] Med Genet A. 170: 688-93.

Bacino C, Chao YH, Seto E, Lotze T, Xia F, Jones RO,
Moser A, Wangler MF (2015). A homozygous mutation in
PEX16 identified by whole-exome sequencing ending a di-
agnostic odyssey. Mol Genet Metab Rep. 5: 15-18.

Brunetti-Pierri N, Torrado M, Fernandez Mdel C, Tello AM,
Arberas CL, Cardinale A, Piccolo P, Bacino CA (2014).
Terminal osseous dysplasia with pigmentary defects
(TODPD) due to a recurrent filamin A (FLNA) mutation.
Mol Genet Genomic Med. 2: 467-71.

Bacino CA, Dhar SU, Brunetti-Pierri N, Lee B, Bonnen PE
(2012). WDR35 mutation in siblings with Sensenbrenner
syndrome: A ciliopathy with variable phenotype. Am ]
Med Genet A. 158A: 2917-24.

Burrage LC, Person RE, Flores A, Villanos MT, Bi W,
Wiszniewska J, Bacino CA (2012). De novo interstitial du-
plication of 15q11.2-q13.1 with complex maternal
uniparental trisomy for the 15q11-q13 region in a patient
with Prader-Willi syndrome. Am J Med Genet A. 158A:
2557-63.

Bacino CA, Arriola LA, Wiszniewska J, Bonnen PE (2012).
WDR62 missense mutation in a consanguineous family
with primary microcephaly. Am ] Med Genet A. 158A:
622-5.

Tompson SW, Bacino CA, Safina NP, Bober MB, Proud VK,
Funari T, Wangler MF, Nevarez L, Ala-Kokko L, Wilcox WR,
Eyre DR, Krakow D, Cohn DH (2010). Fibrochondrogene-
sis results from mutations in the COLT1AT type XI collagen
gene. Am ] Hum Genet. 87: 708-12.
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DAviD BATES, PHD

Associate Professor, Departments of Molecular and Human Genetics and
Molecular Virology & Microbiology; Dan L. Duncan Comprehensive Cancer Center
Faculty Member, Graduate Programs in Genetics & Genomics; Immunology &
Microbiology; and Integrative Molecular and Biomedical Sciences

PhD, University of New Mexico
Postdoc, University of New Mexico School of Medicine
Postdoc, Harvard University

RESEARCH INTERESTS

Chromosome Dynamics: Although genetic information is encoded in a one-dimensional
array of DNA bases, all major DNA processes (replication, transcription, and recombination)
are controlled by changes in the three-dimensional structure of DNA. Large-scale structural
features of chromosomes including the arrangement of important chromosomal sites (origins,
termini, and centromeres) and overall chromosome compactness change dramatically and
predictably during the cell cycle. However, these features are difficult to measure using
standard microscopy methods. Our lab is developing a novel chromosome painting technol-
ogy to image individual domains within the entire chromosome in single bacterial cells. This
method, inspired by in situ hybridization-based human karyotyping techniques, utilizes multi-
color combinatorial labeling and high resolution three-dimensional photography to generate
whole genome maps of the chromosome. Our goal is to define the cell cycle program of
chromosome movement in E. coli using a cell cycle synchronization apparatus we designed
called the “baby cell machine”.

Chromosome Cohesion: In eukaryotes, replicated chromosomes are held together by
linkages (cohesion) until they are separated by the mitotic spindle apparatus. Our lab showed
that an analogous cohesion process occurs in bacteria, in which replicated DNA is linked
together as it exits the replication fork, remaining stably attached for 10-20 minutes before
segregating apart. Evidence suggests that bacterial cohesion is not protein (glue) based, but
rather results from entanglement of sister chromosomes in a topological structure called a
precatenane. Interestingly, cohesion occurs much more strongly in some regions of the E. coli
chromosome, which we refer to as “snaps”. We are currently exploring models of how these
centromere-like snaps are generated and what role they play in faithful chromosome replica-
tion, repair, and segregation.

DNA Replication: In vitro, precatenanes form along DNA segments that are under posi-
tive helical tension (overwound). The presence of precatenanes behind replication forks in
vivo implies that replicative helicases generate tension that outpaces the relaxing ability of
topoisomerases (forks can travel at an astounding 1000 bp/sec!). Theoretically, this tension
rapidly spins the replication fork causing the two replicated DNAs to wrap around each
other. Our lab is investigating whether DNA-bound proteins act as topological barriers during
replication, driving the formation of precatenanes. The basic enzymology of DNA replication
is well conserved among all life, and it has recently been shown that eukaryotic chromo-
somes are also highly catenated along their lengths.

We expect that our work will lead to a better understanding of the factors that limit rep-
lication fork speed, cause replication fork stalling (quickly leading to double-strand breaks),
and inhibit chromosome segregation. These events in humans are a major source of genomic
instability and diseases including cancer.

E-mail: bates@bcm.edu

SELECTED PUBLICATIONS

Visser BJ, Joshi MC, Bates D (2017). Multi-locus imaging of
the E. coli chromosome by Fluorescent In Situ Hybridization.
Methods Mol Biol. 1624: 213-226.

Bates D, Pettitt BM, Buck GR, Zechiedrich L (2016)
Importance of entanglement and disentanglement during
DNA replication and segregation. Phys Life. 18: 160-4.
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Jayaram M, Rosenberg SM (2016). Holliday-junction trap
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ian role of RecQ helicase. Sci Adv. 2: e1601605.

Magnan D, Bates D (2015). Regulation of DNA Replication
Initiation by Chromosome Structure. J Bacteriol. 197:
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MioC and GidA proteins promote cell division in E. coli.
Front Microbiol. 6: 516.
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G (2014). The bacterial nucleoid: nature, dynamics and
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(2014). A replication-inhibited unsegregated nucleoid at
mid-cell blocks Z-ring formation and cell division indepen-
dently of SOS and the SImA nucleoid occlusion protein in
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Joshi MC, Magnan D, Montminy TP, Lies M, Stepankiw N,
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One of the main aims of the research in my lab is to elucidate the molecular basis of
neurodegeneration. Since no unbiased genetic screens in model organisms were performed
to sample genes that cause neurodegenerative phenotypes, we embarked on such a screen
in fly photoreceptors and isolated 700 mutations corresponding to 165 complementation
groups. This screen has provided a very rich resource of novel mutants for the fly community,
and has permitted us to dissect mechanisms for a variety of diseases, including Charcot-
Marie-Tooth disease, Leigh Syndrome, and Friedreich’s ataxia. This screen has also led to
the identification of mutations in 32 genes that encode proteins that are targeted to mito-
chondria. By exploring the molecular mechanisms of these rare diseases, we were able to
determine that biochemical pathways are affected that also play a role in Parkinson’s disease,
Amyotrophic Lateral Sclerosis, and Alzheimer’s Disease. These pathways are now being
studied intensely in the lab.

My lab as well as the laboratories of Michael Wangler and Shinya Yamamoto here at BCM
and John Postlethwhait and Monte Westerfield at the University of Oregon were selected by
the Undiagnosed Diseases Network (UDN) to direct the Model Organism Screening Center
(MOSC) for the UDN of the US. Through close collaborations with human geneticists and
physicians, we have identified variants in human genes that are associated with neurological
diseases in children. We have so far participated in the discovery of the genetic causes of 30
human diseases in the past five years. We are also studying some of these genes in depth to
determine the molecular events that underlie these diseases to identify targets to develop
drugs and have been successful for four genes.

My lab also plays an important role in developing new tools to manipulate flies as well
as to generate reagents for the fly community. I have been the PI of the Genome Disruption
Project (GM067858) for 17 years. The reagents that we have produced include more than
25,000 single transposable element insertion stocks in more than 70 percent of all fly genes.
These stocks are currently distributed by the Bloomington Drosophila Stock Center (BDSC).
Most recently we created a novel transposable element named MiMIC that allows a stagger-
ing array of manipulations of the fly genome in vivo. So far more than 17,000 lines have been
created, of which 7,500 have been deposited in the BDSC. We have used these lines to tag
1,000 genes with a multifunctional tag that allow us to determine gene expression patterns
in vivo, immunoprecipitations, ChlP, and in vivo protein inactivation. Finally, in collaboration
with Norbert Perrimon at Harvard, we have developed the CRIMIC technology. This allows
us to insert a small multifunctional cassette in almost any gene using CRISPR. We are in the
process of inserting these very versatile tags in thousands of genes.

I have excellent resources via the HHMI and the NIH, and | am truly dedicated to gradu-
ate education and postdoctoral training as is obvious from the success of my former trainees.

E-mail: hbellen@bcm.edu

website: http://flypush.imgen.bcm.tmc.edu/
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Personalized genomics to identify genes causing Mitochondrial Disease

Mitochondrial disease has an incidence of 1/5000 and can affect every organ system.
Childhood-onset mitochondrial disease most often results from recessive mutations in the
nuclear genome; however, the vast majority of cases remain without a molecular diagno-
sis and no effective treatments thus underscoring the critical need to identify the genetic
aberrations driving these disorders. We are leveraging a personalized functional genomics
approach combining genome-wide sequencing, mitochondrial functional profiling in patient
cells, and functional genomics to identify validated novel mitochondrial disease genes. This
project will significantly advance the diagnosis and treatment of mitochondrial disease, as
well as provide new insights into the mechanisms underlying the pathology of mitochondrial
respiratory chain disorders and commonly occurring conditions associated with mitochon-
drial dysfunction such as cancer, diabetes and neurodegeneration.

E-mail: pbonnen@bcm.edu
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During the past two decades many genes triggering neurological diseases have been
identified. Some of these diseases are caused by gain of function mutations and/or impaired
proteolysis of the respective proteins. Among these proteins are huntingtin (Huntington
disease, HD), alpha-synuclein (Parkinson disease, PD) and the tau and amyloid precursor
proteins (in Alzheimer's AD). On the other hand, diseases like Rett Syndrome are caused by
loss of function mechanisms.

Despite many significant advances, we still have a poor understanding of what happens
between the triggering of the disease by the faulty protein and the ultimate death of the
neuron. What are the molecular mechanisms and gene networks driving pathogenesis? What
mechanisms are deployed by neuron and glia to compensate CNS dysfunction? Can we
identify therapeutic targets common to more than one disease?

To address these questions, we integrate computational and wetlab approaches using a
combination of experimental model systems including Drosophila and mice, as well as neuronal
primary cultures and iPSC-derived human neurons. Importantly, we have generated fruit fly
(Drosophila) models for many neurological and neuromuscular disorders that recapitulate
key neuropathological phenotypes observed in patients. For example, Drosophila models
the neurodegenerative diseases spinocerebellar ataxia type 1 (SCA1), Huntington’s, Parkinson'’s
and Alzheimer’s show late onset, progressive neuronal degeneration and disease-specific
neuropathology. We use these Drosophila models as a discovery tool: together with state-of-the-
art robotic instrumentation they allow us to carry out high-throughput, genome-wide genetic
screens to identify genetic modifiers and therapeutic targets—genome-scale screens in vivo
are possible in Drosophila but not feasible using mouse models. These genetic approaches are
integrated with human and model system -omic datasets. Network analyses allows us to nominate
highly validated targets for in-depth studies using mice and human neurons.

In sum, we use a multidisciplinary, cross-species, approach for comparative analysis of
modifier genes and pathogenic mechanisms. Our goal is to identify therapeutic opportunities
that may be applied to more than one neurological disorder.

E-mail: jbotas@bcm.edu
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As a physician-scientist and clinical biochemical geneticist, | have a long-standing interest
in the pathophysiology of inborn errors of metabolism and their utility as models for more
common disorders. Our group uses laboratory-based approaches in murine models and
clinical studies to gain greater understanding of the etiology of long-term complications of
inborn errors of metabolism with a special focus on urea cycle disorders in order to optimize
management strategies for our patients.

One main focus of my research program is to gain a greater understanding of chronic
liver dysfunction in individuals with urea cycle disorders. As an investigator in the Urea Cycle
Disorders Consortium (UCDC) of the Rare Diseases Clinical Research Network, I have
pursued a variety of data-mining projects using data from the UCDC Longitudinal Study of
Urea Cycle Disorders. Using this data, we discovered an increased prevalence of chronic
hepatocellular injury in two distal urea cycle disorders (argininosuccinate lyase deficiency
and arginase deficiency) compared to disorders impacting enzymes that are more proximal
in the cycle. To follow-up this work, we are performing a more comprehensive assessment of
liver disease using serum biomarkers and novel imaging techniques in individuals with urea
cycle disorders.

Our clinical study of hepatic complications complements our laboratory-based work
in the murine model of argininosuccinate lyase deficiency (ASLD). We are using an
ASL-deficient mouse model to investigate mechanisms underlying the chronic hepatic
complications observed in our patients. The ASL-deficient mice model the human disorder
with urea cycle dysfunction, nitric oxide (NO) deficiency, and chronic hepatocellular injury
with hepatomegaly. In addition, as in human patients with the disorder, we have recently
discovered hepatic glycogen accumulation and impaired hepatic glycogenolysis in these
mice. We are currently dissecting the role of altered energy metabolism and hepatic glycogen
accumulation in ASL-deficient mice. We are also exploring molecular and biochemical
mechanisms by which ASL deficiency causes chronic liver disease using in vitro and in vivo
models.

To complement my independent research program, | am also involved in a variety of large
interdisciplinary research teams focusing on various aspects of rare disease research. As an
investigator in the Urea Cycle Disorders Consortium, | am involved in a wide variety of multi-
center clinical research initiatives focused on urea cycle disorders. Locally, at BCM, | have a
leadership role in the sequence analysis team (e.g. whole exome and whole genome) for the
Baylor College of Medicine site for the Undiagnosed Diseases Network (UDN). The work
of our team has led to discovery of multiple potential new disease genes and phenotypic
expansion in the setting of a wide variety of phenotypes. In addition, | lead the clinical
section of the new BCM Center for Precision Medicine Models. This large collaborative
project focuses on the generation and use of precision medicine models to support gene
discovery in rare undiagnosed diseases and to facilitate pre-clinical studies to investigate
therapies for these disorders.

E-mail: burrage@bcm.edu
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Dr. Caskey was the CEO of The Brown Foundation Institute of Molecular Medicine at
UTHSC-Houston. Dr. Caskey served as Senior VP, Human Genetics and Vaccines Discovery
at Merck Research Laboratories, West Point, and as President of the Merck Genome Research
Institute.

Dr. Caskey is Board Certified in Internal Medicine, Medical Genetics, and Molecular
Genetics with 25 years of patient care experience. Member of: National Academy of
Sciences, Institute of Medicine (Chair, Board on Health Sciences Policy), Royal Society of
Canada, past President: American Society of Human Genetics & Human Genome
Organization, and Texas Academy of Medicine, Engineering and Science. He is an editor of
the Annual Reviews of Medicine.

Dr. Caskey received numerous academic and industry honors. His genetic research identi-
fied genetic basis of 25 major inheritable diseases and clarified the understanding of
“anticipation” in triplet repeat diseases (Fragile X, myotonic dystrophy and over 25 others). His
personal identification patent is the basis of worldwide application for forensic science and he
is also a consultant to the FBI in forensic science.

Dr. Caskey is currently directing a program of Precision Medicine with Young Presidents
Organization (YPO) co-sponsored by The Cullen Foundation for Higher Education. The pro-
gram won the YPO International Award for most innovative education program. He is a
Consultant to Human Longevity, Inc. and a member of the Board of Metabolon, Inc., both,
leaders in precision medicine technology. Recent publications address the utility of genome
wide sequencing to preventive adult onset diseases. His current research focuses on the ap-
plication of whole genome sequence and metabolomics of individuals toward the objective
of disease risk and its prevention.

E-mail: tcaskey@bcm.edu
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As a physician-scientist, my efforts are primarily focused on understanding the genetic and
neuro-physiologic underpinnings of neurodevelopmental disorders such as intellectual disabil-
ity, epilepsy, autism, schizophrenia, and other neuropsychiatric conditions. In particular, one
emerging theme in the field is that disrupted inhibitory neuronal development and function
has been found in association with many neurologic and psychiatric disorders. This would be
consistent with the growing body of knowledge that inhibitory neurons are highly diverse and
key for virtually all aspects of neurobiology from neural circuit development to information
processing. Therefore, elucidating the genetic etiologies of inhibitory neuronal development
and function has great potential to advance our understanding of inhibitory neurobiology in
health and disease. However, determining the genetic cause is only the first step. The critical
advances needed for translation of human genetic studies into clinical applications is to iden-
tify the consequences of genetic alterations at the molecular, cellular, neural network, and
whole-organism levels. This mechanistic dissection of neurodevelopmental disorders bridges
molecular function to disease pathogenesis, which is crucial for the development of effective
targeted therapeutics.

In my laboratory at the NRI, we integrate cross-species approaches in humans to uncover
the genetic etiologies of neurodevelopmental disorders, fruit flies to elucidate the molecular
pathways, and mice to explore the cascade of events in the mammalian brain. A wide variety
of approaches and techniques are employed in our laboratory including genetically engi-
neered mouse and fruit fly models, structural and functional analyses with electrophysiology,
imaging, transcriptomics, molecular and cellular assays, and comprehensive behavioral profil-
ing. Our goal is to determine the role of inhibitory dysfunction in the pathogenesis of
neurodevelopmental disorders by deciphering how genetic alterations perturb inhibition in
the brain, impact neural development, and lead to abnormal neurologic output.

In addition to the laboratory research activities, | am a member of the Undiagnosed
Diseases Network (UDN) and focus clinically on EBF3-related Hypotonia, Ataxia, and Delayed
Development syndrome (HADDS). In 2017, | established a multidisciplinary HADDS clinic at
TCH in partnership with Dr. Michael Wangler. We now follow the largest group of HADDS
patients to date in a single institution. Through the clinic, we conduct developmental, clinical,
and genetic evaluations on a yearly basis. This natural history study allows us to expand our
understanding of the genotype-phenotype correlations, progression, complications, and co-
morbidities associated with this condition. The findings from the clinical study also informs our
laboratory research efforts to understand how EBF3 gene disruptions alter inhibitory and excit-
atory neuronal development, perturb neural network activity, and lead to cognitive and
behavioral abnormalities.

E-mail: hc140077@bcm.edu
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RESEARCH INTERESTS

Our lab is broadly interested in identifying genetics factors underlying human diseases,
investigating molecular mechanisms of disease using animal models, and developing novel
therapeutics approaches. We are currently focusing on:

Genetics of human inherited retinal degenerative diseases: Collectively, ocular diseases
affect large population in the world with 40 million people are blind and another 100 million
with substantial visual impairment. Together with our collaborators, we are currently working
on identifying genes involved in various inherited retinal diseases (IRD), such as Leber con-
genital amaurosis (LCA), Usher syndrome, retinitis pigmentosa (RP), cone and rod dystrophy,
and Stargardt’s disease. So far, we have recruited over 7,000 patients with IRDs across the
world. A combination of next generation sequencing (NGS) based panel, whole exome, and
whole genome sequencing has been conducted. These efforts have led to accurate molecular
diagnosis of about 70% of the patients. In addition, we have identified and published 15 new
IRD associated genes. Continued investigation of underlying genetics of unsolved IRD pa-
tients is one of our main focuses, including but not limited in identifying novel IRD associated
genes, improving our ability to identify and interpret complex or non-coding mutations, and
exploring digenic and oligogenic complex inheritance.

Molecular mechanisms and novel therapeutic of retinal degenerative diseases: We will
use mice as the model to investigate molecular mechanism of IRD diseases. From the list of
novel IRD genes identified in our group, we have selected and generated knock out and/or
knock in mice model for several genes, such as Spata7, Cwc27, and Reepb6, that are either
currently under investigated or represent new genetics pathways. A combination of genetic,
genomic, and biochemical approaches is used to characterize these mouse models and eluci-
date underlying molecular mechanism of the disease. In parallel, using the engineered mice
as the model, we have performed rAAV based gene therapy. Furthermore, we are exploring
the idea of developing novel therapy method that can address a significant portion of IRD
patients by targeting converging pathways and/or downstream effector genes. Finally, cell-
based therapy approach is also being explored.

New non-human primate model for human diseases: One major limitation to the devel-
opment of effective therapies is the use of animal models that poorly replicate human
conditions. Well-defined NHP models that are more predictive of human conditions are nec
essary to more efficiently advance new therapies. In collaboration with multiple primate
centers across the country, we have conducted molecular screen for over 2,000 individual
monkey carrying spontaneous occurred mutation in IRD and other human diseases. We have
now identified and established the breeding colony carrying PDE6C mutations. In addition,
carriers with mutation in many genes associated with IRD and other human diseases have
been identified. These models will serve as invaluable resource for future therapy develop-
ment and mechanistic studies.

Single cell genomics and Human cell atlas: Single-cell omics is a rapidly growing new field
that provides many advantages over traditional ‘bulk’ tissue profiling methods, such as the
ability to resolve intratissue heterogeneity in cell types, profile the disease microenvironments,
and study rare subpopulations. Over the last several years, single-cell genomic and transcrip-
tome methods have had major impact on many areas of biomedical research. In addition to
single cell genomic and transcriptome method, additional omics technologies, such as chro-
matin profiling, DNA methylation, and proteomics, are under rapid development. Together
these single cell omics technologies are becoming essential tools that are revolutionizing many
diverse fields of biomedical research. Our lab has applied this emerging technology to our
research and is also actively engaged in expanding the application and further developing the
technology. We are funded by the Chan Zuckerberg Initiative (CZI) as part of the Human Cell
Atlas (HCA) Seed Network project, particularly focusing on generating reference map for the
human retina at the single cell resolution.
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RESEARCH INTERESTS

In the Cheng lab, we strive to understand the fundamental questions of how RNA regula-
tion controls cellular processes in normal biology and in the context of cancer. Working at the
interface of RNA splicing and breast cancer biology, our current focus is on regulation of
breast cancer metastasis driven by alternative splicing. We use molecular biology, genomics,
and bioinformatics approaches in conjunction with genetic models and patient samples to
discover rules and networks that regulate metastasis and associated processes. We work
closely with physician scientists and aim to apply our findings from basic research to the de-
velopment of prognostic markers and therapeutics for the treatment of breast cancer.

The developmental program, Epithelial-Mesenchymal Transition (EMT), is frequently re-
activated in metastatic and recurrent tumors. Our work provided a conceptual understanding
depicting a causal role for RNA alternative splicing in EMT and breast cancer recurrence. We
found that splice isoform switching of the CD44 gene must take place in order for cells to
undergo EMT. We also discovered a novel splicing-mediated pathway that drives cancer me-
tastasis. We demonstrated that the RNA binding protein hnRNPM reprograms alternative
splicing including CD44 and promotes a breast cancer metastatic phenotype. By competitive
binding on cis-regulatory RNA elements, hnRNPM activates a mesenchymal splicing program
in a cell-type restricted manner, emphasizing a tightly regulated splicing program during tumor
metastasis. We are combining patient data biocomputing analysis with cell-based and animal
experiments to determine the networks of RNA regulation that governs the phenotype of
breast cancer metastasis.

In collaboration with nano-technology engineers, we developed the “NanoFlare” method
that enables the detection and isolation of live circulating tumor cells (CTC), establishing a
platform to study splicing-mediated cancer cell plasticity and phenotypes in patient-derived
samples. We are continuing on this collaboration to develop novel tools for the prognosis and
diagnosis of breast cancer.

We have been intrigued by the fact that nearly all human genes are detected to undergo
alternative splicing, vastly expanding the human proteomes. Therapeutic resistance of promis-
ing anti-tumor drugs, such as the anti-HER2 antibody Trastuzumab and the B-RAF(V600E)
inhibitor Vemurafenib, is now known to be caused by aberrantly spliced HER2 and B-RAF.
Despite these important observations, alternative splicing in cancer has remained largely an
untargeted territory. We are actively looking for dedicated research fellows to join us to under-
stand the contribution of RNA regulation in breast cancer metastasis and to apply it to clinical
settings.

E-mail: chonghui.cheng@bcm.edu
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Mitochondrial Function: Mitochondria are now recognized to play a variety of important
physiologic roles in various processes beyond ATP synthesis, including programmed cell death
(apoptosis), retrograde signaling, cellular proliferation, and the regulation of intermediary me-
tabolism. One area of interest in the lab is in understanding the role of the mitochondrial outer
membrane permeability in the regulation of cellular energy economy, apoptosis and mam-
malian organ function. Voltage-dependent Anion Channels (VDACT-3: also known as
mitochondrial porins) are a family of mitochondrial outer membrane proteins that conduct
small molecules across the outer membrane. VDACs also bind cytosolic kinases such as hexo-
kinase isoforms, and may act to tether other multi-protein complexes to mitochondria. One
isoform (VDAC2) functions in suppressing apoptosis by binding the multi-domain pro-apop-
totic protein BAK, while other isoforms play roles in glucose metabolism, learning and
memory, and fertility. Using model organisms we are interested in determining the specific
functions of each isoform in biology and relating VDAC function to disease states. These stud-
ies involve biochemical, physiologic, and genetic experimentation.

Human Metabolic Disorders: Despite advances in identifying human metabolic diseases,
pathophysiologic mechanisms are poorly understood and specific treatment strategies lack-
ing. Others projects in the laboratory involve studies of metabolic pathways leading to human
inherited disorders. Using mutant mice, our current studies are designed to understand the
metabolic disturbances that are associated defects in phospholipid and fatty acid metabolism,
purine and creatine synthesis, and mitochondrial respiratory chain activities. We are interested
in defining cell type-specific functions for the enzymes of intermediary metabolism using
knockout mice in conjunction with tissue-specific transgene expression.
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Our laboratory is studying epigenetic regulation mechanisms during aging and oncogen-
esis. Aging is the single greatest risk factor for diseases that are principal causes of mortality,
including cardiovascular diseases, diabetes, neurodegenerative diseases and infectious dis-
eases. A breakthrough in aging research resulting in even a moderate retardation of aging and
a delay in the onset of age-associated diseases, such as cancer, would have tremendous im-
pact on the quality of life for the general public. However, aging and how it contributes to the
development of age-associated diseases remain poorly understood. Epigenetic changes, in-
cluding histone modifications and proteome, are critical regulatory mechanisms, involved in
all developmental processes including aging and age-associated diseases. The goal of our re-
search is to discover novel chromatin and proteomics regulation pathways that modulate
longevity and regulate the development of age-associated diseases, such as cancer. This
mechanistic study will form the basis in future development of therapeutic target for treating
age-associated diseases and improving human health span.

Epigenetics generally includes all cellular alterations beyond genetic changes that result in
observable phenotypes. In practice, epigenetics usually means persistent covalent alterations
to chromatin, such as histone acetylation and DNA methylation. Recent proteomics and acety-
lomics studies have broadened our views of epigenetics and many more enzymes and factors
can carry modifications that confer epigenetic phenomena. It is very clear now epigenetics
represents a complex regulation network on top of the genetic code. In medicine, epigenetics
holds a very promising future because interventions in epigenetics can alter genetic outcomes
and the strength of such intervention can be fine-tuned.

Replicative aging of budding yeast has been a powerful system for aging studies, providing
fundamental genetic and molecular insights into both cellular and organismal aging. Studies of
chromatin biology have also immensely benefited from the yeast model, since it provides a
uniquely tractable system for such studies and also because many molecular mechanisms of
chromatin are highly conserved from yeast to complex eukaryotes. We use the budding yeast
replicative aging as a model to study how epigenetic regulations can modulate longevity. In
the past, we have shown that elevated levels of histone H4K16 acetylation near telomeres is
a hallmark of old cells. It is regulated by a pair of enzymes Sir2 and Sas2 in yeast and is a causal
factor in determining lifespan. Furthermore, through a series of unbiased lifespan screens and
other high throughput systems biology approaches, we have identified more chromatin regu-
lation pathways that seem to also alter lifespan. Such pathways include those involved in
transcription regulation, DNA damage response, cellular stress response, chromatin compac-
tion and heterochromatin formation, etc. Further studies are currently carried out in our lab to
elucidate the molecular mechanisms and their causal relationship to aging.

Stem cell aging and cellular senescence are important processes that contribute to the
aging pathology and development of cancer. As a complement to our yeast replicative aging
model, we are using mammalian primary cell lines and adult stem cells to study whether and
how chromatin and epigenetic regulation pathways identified in yeast are involved in stem cell
aging and cellular senescence. Changes in aging and senescence phenotype are investigated
by knocking down conserved enzymes. Epigenetic features are tracked during senescence
and compared between young and old stem cells. Studying mechanistic conservation using
mammalian cell models will provide valuable insights into mammalian aging and conditions
predisposed to cancer development.

E-mail: weiwei.dang@bcm.edu
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As the Medical Director for the Adult Genetics Clinics at BCM, | am proud to say that this
is one of the largest Adult Genetics Service in the country. My primary clinical focus lies in
diagnosis and management of adults with genetic conditions, known or suspected. These in-
clude diagnosis and management of single gene disorders, chromosomal disorders and
familial cancer syndromes, risk assessment for cancer and reproductive planning as well as
testing for known genetic disorders in the family. | have developed interest and expertise in the
management of connective tissue disorders in adults, particularly Ehlers Danlos Syndrome
(EDS) and run a specialized EDS clinic.

I am also involved in the education of medical students at BCM particularly in the field of
adult genetics. | direct the Genetics course for MS2 and am always looking for opportunities
to enhance the genetic education of our medical students and residents through various elec
tives. The Genetics & Genomics Pathway at BCM was established in 2011 and is one of the
first such medical pathways in the nation. As one of the pathway directors, | ensure that stu-
dents get an unparalleled experience in genetics through their medical school career at BCM.
My research activities include diagnosis of rare genetic disorders through the Undiagnosed
Disease Network Project currently ongoing at BCM in collaboration with several other centers
in the country. Finally, through my position as chair of the Adult Genetics Special Interest
Group (SIG) at ACMG, | was able to launch the Adult & Cancer Diagnostic Dilemmas session
at the annual meeting.
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Aggression is a complex social behavior that is influenced by numerous genetic and envi-
ronmental factors. Neither the genes underlying this behavior nor its neurobiological
mechanism(s) are very well worked out. Much of the aggressive behavior observed in nature
is directed towards animals of the same species, so called intraspecific aggression, and re-
volves around competition for limited resources in the environment, food and mating partners.
Most if not all animals show some form of aggression which suggests that the fundamental
aspects of aggressive behavior may well be conserved throughout the animal kingdom. Even
though aggression is a normal behavior necessary for animals to successfully compete and
contributes to the survival of the animal and the species, aggression can also take on patho-
logical forms. Numerous human diseases are characterized by an aggression component.

In the past, we have pursued two angles to start to understand the neurobiological basis
of aggression in Drosophila melanogaster. In a first set of experiments, we performed selection
on a wild type strain using a very specific selective pressure in a population based environ-
ment. We picked animals for further breeding that performed a rare but highly aggressive
behavioral element known as escalated fighting in which males reciprocally lunge at each
other and box and tussle in order to gain control over a territory. After the selected lines
showed reliably different levels of aggression from control strains, we performed micro array
expression experiments to look for changes in gene expression in the heads of the high and
low aggression strains. This resulted in a list of candidate genes, some of which as individual
mutations partially recapitulated the phenotype. In a set of follow-up experiments, we ana-
lyzed the effect of two neuromodulators, known to affect aggression in mammals. Both these
modulators, serotonin (5-HT) and neuropeptide F (npf) strongly affect aggression in the fly,
albeit not exactly in the same way.

Our research goal is to continue to dissect the genetics and neurobiological mechanisms
of aggressive behavior in Drosophila melanogaster, using the many sophisticated genetic, cell
biological and neurobiological tools that are available in this species. Eventually, we want to
investigate whether the mechanisms and genes identified in the vinegar fly are conserved in
vertebrate species including mammals.

E-mail: dierick@bcm.edu
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Our research is about deciphering biological mechanisms that control bone development,
remodeling, repair and cancer metastasis to identify novel therapeutic strategies that can pre-
vent or treat skeletal diseases.

One main focus of the laboratory is on the etiology of the skeletal maladies observed in
individuals with neurofibromatosis type | (NF1). Some of these patients exhibit skeletal abnor-
malities associated with high morbidity, including unilateral tibia bowing, fracture non-union
and dystrophic scoliosis. We use genetic and pharmacological strategies to identify both cell
of origin and molecular abnormalities causing these orthopedic conditions, with the goal of
designing and testing novel targeted therapeutic strategies to improve bone mass, bone
strength and bone repair in children with NF1. These studies also provide critical insights
about the role of neurofibromin, the RAS-GAP protein encoded by the NF7 gene, in endo-
chondral bone formation, remodeling and mineralization.

A second major focus area of the laboratory is related to the interaction between the au-
tonomic nervous system and bone cells. Autonomic nerves regulate body involuntary
functions such as heart rate or breathing, but also the process of bone remodeling. Our cur-
rent emphasis is on determining the role of the endogenous sympathetic and parasympathetic
nervous systems in the regulation of bone homeostasis, and on addressing the biological and
clinical relevance of these preclinical findings. This leads us to study conditions including bone
aging, chronic stress, depression and their impact on bone remodeling and skeletal breast
cancer metastasis.

A third active line of research in the laboratory revolves around the biology of chondro-
cytes, the cells of cartilaginous tissues that allow bone elongation during development and
protection of joint articular surfaces in adults. Through our focus on the transcription factor
TonEBP/Nfat5, we investigate how chondrocytes survive and function in their hyper osmotic,
avascular and mechanically loaded environment.

E-mail: florent.elefteriou@bcm.edu
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Despite many advances in the diagnosis of rare disease, the pathophysiological mecha-
nisms underlying these disorders are poorly understood. Our research goals are targeted
toward defining the biochemical mechanisms and molecular pathways impacted in human
genetic disease. The genetic analysis of neurodevelopmental disorders complicated by obesity
and circadian rhythm defects, including autism, intellectual disability, seizures, and behavioral
phenotypes, is a primary focus. This includes the clinical and molecular analysis of genomic
conditions, wherein deletion or duplication of a portion of the genome is the primary underly-
ing etiology, leading to altered gene dosage. Disorders include Smith-Magenis syndrome,
Potocki-Lupski syndrome, 2g23.1 deletion syndrome, 2q23.1 duplication syndrome, 2q37.3
deletion syndrome, Pitt-Hopkins syndrome, and others. Our goals are to improve diagnosis,
enhance understanding of phenotypes, and develop a working knowledge of the molecular
relationships among neurodevelopmental disorders toward targeted therapeutics. To further
support these studies, we have created and maintain a Smith-Magenis syndrome patient reg-
istry.

In order to investigate the molecular and cellular basis of these rare, pleiotropic disorders,
we have utilized a multidisciplinary approach including mouse, frog, zebrafish, and human
cellular models, such as induced pluripotent stem cells and neural progenitor cells. Current
studies are focused toward understanding the molecular and cellular relationships between
and among a subgroup of neurodevelopmental disorders with overlapping phenotypes using
expression profiling, metabolomics, and other functional approaches. Genes and pathways
include RAIT, MBD5, HDAC4, TCF4, FMR1, and DEAF1, among others, with associated syn-
dromes exhibiting commonly altered pathways, including circadian rhythm, metabolic, and
developmental gene networks that may be targets for therapeutic intervention. For example,
one of the hallmark features of Smith-Magenis syndrome is a circadian rhythm defect. Our
work has shown that RAIT directly regulates CLOCK, a master regulator of circadian rhythm,
providing strong evidence for molecular and cellular etiology behind the sleep phenotype and
identifying a pathway that can be therapeutically targeted.

New projects include investigation of the role of NAD kinase in both Alzheimer’s disease
and pancreatic cancer and the role of this genetic and biochemical pathway in tumor growth
toward developing personalized approaches to treatment. Utilizing cell culture model systems
and conditional mouse models to improve understanding of the underlying etiology of these
neurodegenerative and neoplastic mechanisms is a primary goal.

We have developed at Baylor Genetics a clinical metabolomics pipeline for diagnosis and
management of inborn errors of metabolism. Clinical and research studies have focused to-
ward the development and utilization of metabolomic profiling and analysis of metabolic
pathways toward biomarker discovery in a variety of inherited and acquired disorders. Our
work is focused toward development of personalized medicine approaches for treatment of
neurodevelopmental and metabolically-driven conditions utilizing genomic, metabolomic,
and transcriptomic approaches toward improving quality of life for individuals impacted by
these conditions. We have performed metabolomic profiling of more than 3500 clinical and
research samples, providing a functional analysis of genomic variants that has improved diag-
nosis and management of individuals with a variety of metabolic conditions and contributed
to biomarker discovery in metabolic disorders.

While most of our studies have a molecular basis, we also work to educate others about
rare disease and to provide parents, caregivers, and siblings of individuals with neurodevelop-
mental syndromes with the tools they need to maintain healthy families. Our data show that
families are doing very well despite the high prevalence of anxiety and depression among both
mothers and fathers and that while younger typically developing siblings may have some dif-
ficulties, adult siblings are doing very well, with many choosing careers in education or
healthcare for individuals with developmental disabilities.
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My research interests are directed towards translational medicine, specifically the applica-
tion of molecular genetics to the diagnosis and treatment of genetic diseases. Recently, my
efforts have been focused on laboratory and clinical aspects of genetic testing and clinical
research in lysosomal storage diseases.

My main area of interest is the development, implementation, and evaluation of novel
molecular approaches to the diagnosis of genetic disorders. As Senior Director of the Medical
Genetics Laboratories and Medical Director of the Whole Genome Laboratory, our primary
mission is to provide state-of-the-art genetic testing for common and rare conditions in a CAP
and CLIA-certified clinical laboratory. To this end, we are very active in development of new
disease tests and testing strategies, refinement of testing methods for improved sensitivity and
specificity, and extension of these activities beyond the usual scope of a molecular diagnostic
lab. In collaboration with the Human Genome Sequencing Center at Baylor, we have recently
developed, validated, and implemented whole exome sequencing as a clinical diagnostic test
for individuals with apparent genetic disorders that have been a challenge to diagnose. The
whole exome sequencing test is a highly complex test that identifies changes in a patient's
DNA that are causative or related to their medical concerns. In contrast to current sequencing
tests that analyze one gene or small groups of related genes at a time, the whole exome se-
quencing test analyzes the exons or coding regions of thousands of genes simultaneously
using next-generation sequencing techniques. Identification of the underlying diagnosis can
improve medical management and offer information to the family regarding prognosis.
Another area of development in the area of personalized medicine is based on determining
an individual's genomic profile. We recently developed and validated a highly multiplexed,
beadchip assay that is designed to detect single nucleotide changes in disease genes and ge-
netic loci that are causative or predictive of specific single gene disorders, increase the risk of
developing certain common multifactorial conditions such as diabetes, or are associated the
altered metabolism and response to certain drugs. In addition to the development of tests for
clinical application, we also have an active interest in determining molecular mechanisms for
novel mutations detected through routine testing as well as identifying potential novel disease
genes.

My major clinical research interest is in lysosomal storage diseases, particularly Fabry dis-
ease, Gaucher disease, and Mucopolysaccharidosis type 2, with emphasis on both clinical and
laboratory approaches to the elucidation of the natural history, molecular genetics, and evalu-
ation of treatments in clinical trials. Previous accomplishments in my laboratory include the
further characterization of the natural history of the classical and cardiac variant forms of the
disease, study of genotype-phenotype correlations, and development of rapid mutation assays
for prenatal diagnosis and identification of carrier females. Currently, my efforts have been di-
rected toward the evaluation in clinical trials of novel treatment approaches for Fabry disease,
Gaucher disease, and other lysosomal storage disorders in the form of recombinant enzyme
replacement therapy and chaperone therapy.
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Richard Gibbs is the Founder and Director of the Human Genome Sequencing Center
(HGSC), established at BCM in 1996. The HGSC has a core mission of advancing medical
care through research and translation of genomics. The group was one of the five worldwide
sites to undertake and complete the Human Genome Project, culminating in contribution of
approximately ten percent of the sequence in 2003. The group subsequently collaborated to
sequence many key species (Drosophila melanogaster, the Brown Norway rat, rhesus ma-
caque, bovine, Dictyostelium discoideum, sea urchin and honey bee genomes) and to
generate the first comprehensive map of human genetic variation (the HapMap project). The
HGSC now employs more than 180 staff, including eighteen faculty.

Since 2007, new technologies have allowed unprecedented advances in human genetics.
The HGSC pioneered whole exome capture methods and published the first diploid sequence
of a human, James Watson. Next, we demonstrated the utility of whole genome sequencing
for genetic disease discovery and for guiding effective clinical treatments. In 2011, we began
deploying these methods into routine clinical practice and now provide full gene sequencing
to hundreds of individual patients each month. The HGSC is also part of the national program
for systematic discovery of the cause of human single genome defects and has an active bio-
informatics program, with research projects involving biologists and computer scientists. To
advance the use of genomics in adult clinics the HGSC has developed methods for screening
for cardiovascular genetic risk and has recently joined the national All of Us consortium.
Problems under study focus on developing tools for generating, manipulating, and analyzing
genome data.
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Research in our lab spans the development of the inner ear from its earliest beginnings as
a piece of embryonic ectoderm to the development of the highly patterned organ of Corti in
the cochlea. We are also interested using our understanding of developmental processes to
address why the sensory tissue of the cochlea fails to regenerate after damage and to identify
genes involved in hereditary deafness.

We have an ongoing collaboration with Shinya Yamamoto's lab at Baylor in which we are
trying to use the fruit fly, Drosophila, to identify new mutations in genes that affect hearing.
We are also working with Huda Zoghbi's lab to identify targets of transcription factors that
promote the differentiation of sensory hair cells. Finally, we also work on some aspects of
craniofacial development, prompted by the discovery of the Foxi3 transcription factor, a
Forkhead gene that plays crucial roles in the development of the inner ear and the branchial
arch region and which causes canine ectodermal dysplasia in three breeds of hairless dogs.
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Part of my current work is on the genetic responses to stress in Escherichia coli. We have
shown that gene amplification occurs in response to stress, and is, therefore, an adaptive pro-
cess comparable to the well-known adaptive mutation response. We are using genetic and
molecular techniques to elucidate the mechanism by which adaptive amplification occurs.
Because this genetic instability would be part of an adaptive response, we expect to be able
to induce it, and thus to study the processes by which genetic instability occurs. This might
provide a model system in which to study the induction of chromosomal instability in onco-
genesis (about 80 percent of cancers show chromosomal instability), and in evolution.

We have discovered that amplification is initiated by a template-switch mechanism during
replication. By comparing our data to those derived from yeast and human cancer and genomic
disease, we have derived a model for the origin of chromosomal structural changes for all organ-
isms. This then suggests a mechanism for the origin of copy number variation (the major genetic
difference between individuals) and for genomic disease. The model involves modification of
the mechanism of replication fork repair occurring in cells experiencing a programmed stress-
response. We are testing predictions of this model both in E. coli and in human.
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In my laboratory we use mouse genetics, genomics, and genome editing technologies to
catalog gene function and contribution to human disease. Ongoing research includes:

Characterizing genes and developmental pathways that contribute to testicular germ cell
tumors (TGCTs). Germ cells arise during embryogenesis as pluripotent-like primordial germ cells
that differentiate into mature gametes and ultimately the cells and tissues of an adult organism.
Defects during male germ cell development can lead to the formation of TGCTs. In 129 mice,
TGCTs arise during embryogenesis as foci of pluripotent embryonal carcinoma cells (EC cells),
which differentiate to form teratomas. During embryogenesis, male germ cells normally enter
mitotic arrest until after birth and female germ cells initiate the meiotic program, both of which
are accompanied by down-regulation of pluripotency. We have identified a defect in this devel-
opmental switch as the cause of TGCT initiation. In TGCT susceptible gonads, XY germ cells do
not enter mitotic arrest, delay expression of male germ cell differentiation genes, and continue
to express core pluripotency factors. Ongoing studies are using genome editing in mice, devel-
opmental biology approaches, and single-cell RNA sequencing to (1) characterize the
mechanisms by which male germ cell sex specification is delayed, (2) test the contribution of a
shift in pluripotent states (i.e. naive to primed pluripotency) to germ cell transformation into EC
cells, and (3) functionalize TGCT susceptibility loci identify in human genome-wide association
studies.

Characterizing haploessential genes. The Knockout Mouse Production and Phenotyping
(KOMP2) Project has established an infrastructure for high-throughput generation of null (loss-
of-function) allele mouse lines with CRISPR/Cas9 genome editing and broad-based adult and
embryo phenotyping of the null lines. KOMP2 has implemented embryo phenotyping pipelines
for null alleles that cause lethality in the homozygous (recessive) as well as heterozygous (domi-
nant) state. De novo dominant loss-of-function (haploessential) genes likely contribute to the
50% of miscarriages and 80% of still births where chromosomal abnormalities are not identified.
We are (1) utilizing bioinformatics strategies to predict and prioritize haploinsufficient genes, (2)
using CRISPR/Cas9 genome editing in mouse embryos, time-lapsed imaging of cultured, pre-
implantation stage embryos and imaging of postimplantation stage embryos, and
high-throughput embryo genotyping to characterize developmental defects associated with
heterozygous loss-of-function, (3) functionalizing genes predicted to contribute to human mis-
carriages and stillbirths, and (4) identifying gene families and cellular pathways enriched for
haploessentiality.

Characterizing gene and variant contribution to Mendelian diseases. Up to 70% of pa-
tients with suspected genetic disease remain undiagnosed likely because their disease-causing
variant(s) has yet to be discovered or the clinical significance of identified variants remains un-
clear. Precision model organisms are important tools aiding in the interpretation of these variants
of uncertain clinical significance and are critical for testing therapeutic paradigms. The BCM
Center for Precision Medicine Models leverages the expertise, infrastructures, and established
collaborations between the Mendelian disease clinical and gene discovery programs; fly, mouse,
and nonhuman primate animal modeling programs; and database infrastructure programs within
the Department of Molecular and Human Genetics. The Center supports local, national, and
international programs and individual researchers in the development of precision models that
will end the diagnostic odyssey of patients with undiagnosed, rare, and Mendelian diseases and
serve as resources for pre-clinical studies investigating personalized medicine approaches to
their care.
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Transcription errors and Epigenetic Inheritance

Phenotypic inheritance relies on the correct transfer of the genetic (DNA) and epigenetic
(heritable expression state) information. It is well established that DNA alteration can heritably
change the phenotype of a cell, but what is less clear is what triggers heritable epigenetic
change. Seminal work in bacteria has highlighted the importance of genetic networks in epi-
genetic inheritance. To generate stable phenotypic diversity in a population, cells with
identical genomes can be differently programmed by transcription factors connected in a
positive feedback loop, allowing the stable expression of two alternative phenotypes.
Regulatory proteins associated with these molecular switches are often present in low num-
bers and therefore, subject to fluctuation or "molecular noise". Therefore, the strategy used by
a genetic network to control levels of its key regulators is fundamental to the understanding of
the potential sources of dysregulation. Molecular noise in gene expression is universal and
arises as a result of the stochastic nature of transcription and translation and can directly per-
turb the behavior of geneticregulatory-networks generating phenotypic diversity.

My lab is investigating the role of transient errors in information transfer (transcription,
translation, or post-translational modification errors) in the dysregulation of bistable genetic
networks leading to heritable change in phenotype. To study the contribution of information
transfer errors on the generation of heritable phenotypic diversity, we are using classical bi-
stable switches in the bacterium Escherichia coli; the bacteriophage lambda genetic switch;
and the Lac operon.

With the exception of Prion inheritance, the idea that transient errors in information trans-
fer from RNA to protein can have heritable consequences without any alteration of the DNA
sequence has not been considered before, but our work challenge this idea by showing that
transient alteration of autocatalytic systems can have profound heritable consequences. Thus,
our work suggests that transient errors in information transfer may be an important mecha-
nism of epigenetic change and should be considered as the causative agent for many human
diseases ranging from the progression of AIDS to devastating neurodegenerative diseases.
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DNA recombination is ubiquitous and essential for DNA-based life. Recombination repairs
DNA gaps and breaks that occur during replication or are induced in meiosis. Mutation in
human genes involved in homologous recombination results in genome instability and dis-
eases including a large fraction of inherited breast and ovarian cancers, Nijmegen breakage
syndrome, ataxia telangiectasia, Bloom syndrome, Fanconi Anemia, Rothmund-Thomson
syndrome, and others. Eukaryotes show a very high degree of conservation of mechanisms
and protein components of recombination. This offers a great potential for using model organ-
isms to study DNA recombination processes. We use budding yeast, given the extensive
genetic and molecular approaches available.

Our research goal is to understand the molecular mechanisms of homologous recombina-
tion and the role different proteins play during recombination. More specifically we are
focusing on the function of DNA helicases and newly identified in genetic screen proteins in
DNA repair. The main experimental model is recombination induced by a single double-
strand-break. This assay allows us to follow the kinetics of all steps in recombination at the level
of DNA strand exchange and protein-DNA interaction. The results from our projects will
constitute the foundation for studying DNA recombination in human cells and will provide
insight into molecular basis of genetic instability observed in cancer.
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Glycosylation is the most common post-translational modification of extracellular and se-
creted proteins and plays major roles in various aspects of cellular and organismal biology. We
use Drosophila and mouse genetics, cell culture experiments and biochemical assays (in col-
laboration) to understand the role of glycosylation in animal development and pathophysiology
of human disease. A major focus of our work is on glycosyltransferases that add O-glucose
glycans to epidermal growth factor-like (EGF) repeats and their role in the regulation of the
Notch signaling pathway. Another project focuses on a cytoplasmic enzyme called
N-glycanase 1, mutations in which have been identified in a multi-system developmental dis-
order called NGLY1 deficiency. We hope that our findings will shed light on the
pathophysiology of the human diseases caused or modified by alterations in the function of
these enzymes and will provide a framework to identify mechanism-based therapies for them.

Role of O-linked glycosylation in the regulation of Notch signaling. An evolutionarily
conserved enzyme called POGLUT1 (Rumi) adds an O-linked glucose to EGF repeats harbor-
ing a CXSX(P/A)C consensus motif. Several xylosyltransferases extend the O-glucose by
adding one or two xylose residues to it. Notably, we have found that in some contexts, the
Notch pathway is sensitive to the gene dosage of the enzymes responsible for the addition of
the xylose-xylose-glucose-O glycans to EGF repeats. Moreover, our recent report on the iden-
tification of a hypomorphic POGLUTT allele in patients with a new form of limb-girdle
muscular dystrophy (LGMD-27) indicates that myogenesis is highly sensitive to Notch glyco-
sylation by POGLUT1. Our current studies are aimed at elucidating the molecular bases for
tissue-specific regulation of Notch signaling by xylose-xylose-glucose-O glycans. Another
major goal is to understand how the corresponding glycosyltransferases regulate Notch
signaling in a dosage-dependent manner. These studies might help us establish a framework
for therapeutic modulation of Notch pathway in diseases caused or exacerbated by aberrant
Notch signaling.

A mouse model for Alagille Syndrome. Alagille syndrome (ALGS) is an autosomal domi-
nant disorder characterized by a congenital cholangiopathy of variable severity accompanied
by cardiac, skeletal, renal and other abnormalities. In 94% of cases, ALGS is caused by muta-
tions in JAG1, which encodes one of the ligands for the Notch pathway. We have previously
reported a mouse model for the ALGS and have identified Poglut7 as a dominant genetic
suppressor of the ALGS biliary phenotypes. We have also identified the transcription factor
Sox9 and another glycosyltransferase as novel dosage-sensitive modifiers of the Jag1[+/-]
phenotypes in mice. Ongoing experiments are aimed at using this model and its genetics
modifiers to better understand the pathophysiology of ALGS and to develop a therapy for
this disease. This project has the potential to provide novel insight into the formation of the
biliary tree, both during normal development and upon liver injury.

Using fly and mouse models to understand the pathophysiology of NGLY1 deficiency.
Human patients with mutations in N-glycanase 1 exhibit a host of developmental abnormali-
ties including a delay in physical and intellectual development, movement disorders,
osteopenia, and lack of tears. NGLY1 is a “deglycosylation” enzyme and is thought to remove
N-linked glycans from misfolded proteins during ER-associated degradation (ERAD). Using
flies, mice and mammalian cells, we have identified two major signaling pathways affected by
the loss of NGLY1: BMP signaling and another pathway involved in cellular metabolism. The
goal of this project is to elucidate the mechanisms underlying the NGLY1 deficiency pheno-
types and to identify potential therapeutic targets for this disease. This project is helping us
redefine the roles of deglycosylation in ERAD.
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The overall aim of our research is to define the molecular basis of embryonic pattern for-
mation. Pattern formation is a process that leads to ordered spatial arrangements of
differentiated tissues. It is not only interesting from a theoretical standpoint, but from a medi-
cal perspective as well. Each year in USA alone, more than 250,000 infants are born with
congenital malformation due to incorrect embryonic patterning. It is our goal to identify genes
that are involved in pattern formation and characterize developmental processes that lead to
correct and incorrect pattern formation. The major research effort in our laboratory is focused
on study of homeobox and fork head genes that are involved in the patterning of the embryo.
In the last few years, we have identified several genes that are important in early stages of head
development.

We have found that a novel homeobox gene R, is essential for normal eye development.
Rx is initially expressed in retinal progenitor cells and later in retinal stem cells. Xenopus em-
bryos injected with Rx RNA develop ectopic retinal tissue and display hyperproliferation in the
neuroretina. Mouse embryos carrying a null allele of this gene do not form optic cups and
consequently do not develop eyes. These observations suggest that Rx regulates the fate or
the proliferative abilities of retinal cells and controls the survival of retinal stem cells (Mathers
etal., 1997).

We have isolated a Xenopus forkhead gene XlensT that is the earliest marker of lens forma-
tion and is involved in the control of lens proliferation and differentiation (Kenyon et al.,1999).
We have cloned and characterized its murine functional homologue, the forkhead gene
Foxe3, which is expressed in the early stages of mouse lens formation. Foxe3, like Xlens1, is
expressed in the initial stages of lens induction. It turns off its expression in differentiating fiber
cells and remains active only in the relatively undifferentiated, proliferative cells of the anterior
lens epithelium. Foxe3 maps to a region on chromosome 4 that contains the dysgenetic lens
locus. We have found that two mutations in the forkhead box of the Foxe3 allele from dyl mice
cause amino acid changes in positions thought to be essential for the structure and function of
winged helix domains (Brownell et al.,, 2000).

Furthermore, we have found that a mutation affecting C-terminal region of the human
FOXE3 protein is responsible for anterior segment dysgenesis and cataracts (Semina et al,
2000). We are currently testing gene therapy strategies that would correct this genetic defect.
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RESEARCH INTERESTS

Abnormal metabolism is an emerging hallmark of cancer progression and metastasis.
Metabolic plasticity that occurs by rewiring cellular metabolic status allows cancer cells to dis-
sociate from the primary tumor, overcome the nutrient and energy limitations in the
microenvironment, and eventually survive to form metastasis in hostile environments.
Although aerobic glycolysis (Warburg effect) is generally regarded as a dominant metabolic
program in cancer, recent evidence suggests that mitochondrial oxidative phosphorylation
(OXPHOS) significantly contributes to cancer progression and metastasis. Nevertheless, it is
still unclear how these metabolic modes are regulated in cancer and the particular advantages
each of these modes confers to metastasizing tumors. My lab seeks to understand the mech-
anism of mitochondrial energy reprogramming and mitochondria-nuclear crosstalk in cancer
progression and metastasis of aggressive tumors. Most lab projects have a translational focus
to evaluate our findings’ therapeutic potential using preclinical studies.

Hybrid metabolic status of aggressive cancer cells: To address the interplay between
glycolysis and OXPHOS in metastatic cancer, we use mathematical modeling and experimen-
tal validation to simulate the metabolic regulatory network dynamics and couple gene
regulation with metabolic pathways. We have recently shown that metastatic cancer cells can
acquire a hybrid (glycolysis & OXPHOS) metabolic phenotype in which both glycolysis and
OXPHOS can be utilized for energy production and biomass synthesis. This hybrid state en-
ables cancer cells to achieve metabolic plasticity for robust survival under hostile environments.

Mitochondria-nuclear crosstalk in cancer: Mitochondrial signaling can regulate several
oncopathways. To understand the genetic and metabolic factors involved in the crosstalk be-
tween mitochondria and nucleus, my lab uses transmitochondrial cybrid (cybrid) models as a
discovery tool. In cybrid models, we compare mitochondria from different cells under a com-
monly defined nuclear background. Thus, cybrids are an excellent tool to decipher the
inter-organelle communication between mitochondria and the nucleus systematically. We
utilize cybrid models coupled with multiple-OMICs approaches to identify genes and path-
ways regulated by mitochondria-nuclear communication. Discoveries from cybrids are then
validated using cell lines, mouse models, patient-derived xenografts (PDXs) and clinical data.

Metabolic reprogramming and drug resistance: Compared to other breast cancer sub-
types, triple-negative breast cancer (TNBC) is associated with a worse overall outcome owing
to the lack of targeted therapies. We have published the pioneering report on the clinical
significance of mitochondrial energy reprogramming to fatty acid p-oxidation (FAO) in meta-
static TNBC as a prerequisite to attain aggressive metastatic potential. We have shown that
FAQ is critical for the Src family kinases (SFKs) in TNBC. We are now evaluating how FAO-SFK
crosstalk sustains a feed-forward loop that permits TNBC metastasis. Additionally, we also
focus on the mechanisms of drug resistance to SFK inhibitors in TNBC.

Bioimaging and Multimodal Nanomaterials: In collaboration with material scientists, we
have developed several nano-based compounds for bioimaging. We are currently focus on
materials that can be altered by cellular metabolic or biochemical modulations

E-mail: kaippare@bcm.edu
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RESEARCH INTERESTS

Using multi-omic approaches to understand cancer biology by elucidating alterations
and mechanisms relevant for pathogenesis: We use whole genome, exome, and transcrip-
tome sequencing to discover recurring mutations that are potentially relevant for Acute
Myeloid Leukemia (AML) pathogenesis and to understand clonal diversity and relapse (Cell
and Nature 2012; NEJM 2013). Although this information has changed our understanding of
the disease, it is not yet clear how to perform optimal genomic testing for each AML patient
to improve clinical outcomes. As a proof of concept, we have successfully performed clinical
whole genome sequencing on AML patients with diagnostic uncertainty in clinically relevant
timeframe to find clinically actionable findings (JAMA 2012). These efforts are being extended
to evaluate the clinical utility of genomic sequencing in several tumor types both in germline
and somatic setting (Cell, 2018; Hum Mut 2018). We are exploring the following projects: A)
multi-omic before and after induction therapy to define the mutational spectrum and clonal
architecture of each sample and to precisely define the response to initial therapy; B) RNA-seq
to assess the expression of all somatic mutations identified will be performed, to identify ex-
pressed fusion genes and to identify dysregulated genes that are not mutated.

Developing Standards and Guidelines for the Interpretation of Sequence Variants: One
of the major bottlenecks for implementation of individualized genomic medicine is lack of
clinical grade genomic knowledgebase to facilitate consistent clinical interpretation of se-
quence variants. Our group is one of several participating laboratory of a major NHGRI/NIH
funded multi-institutional effort called ClinGen (Clinical Genome Resource Program). The
purpose of ClinGen (http://clinicalgenome.org) is to create a centralized repository and inter-
connected resources of clinically relevant variants, which are critically needed by the clinical
and research communities. We are expanding the scope of this effort by creating somatic
variant expert curation of clinically actionable knowledge (Gen Med 2017, Hum Mut 2018).
This expert curated variant interpretation somatic variation database which will be housed at
publicly available NCBI’s ClinVar database.

Design and Optimization of Next-Generation Sequencing Technical and Informatics
Pipelines for Clinical Laboratory Practice: We are actively involved in defining standards for
next generation sequencing in clinical diagnostics in collaboration with the Centers for
Disease Control and Prevention through the Clinical Next-Generation Sequencing Quality
Standards National Working Group comprised of key opinion leaders in the field (J Mol Diag
2018, Nat Biotech 2012, Nat Biotech 2015). Additionally, we are working with Clinical
Laboratory Standards Institute’s (www.CLSl.org) professional guidelines committee for whole
genome copy number assays for clinical diagnostics. CLSI standards and guidelines are con-
sidered as gold standard and are followed by clinical labs nationally and internationally for
raising levels of quality, safety, and efficiency in laboratory testing and reporting.
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RESEARCH INTERESTS

My work has focused on understanding the molecular basis of neurodevelopmental and
cardiovascular disorders in the pediatric population. We have used molecular cytogenetic di-
agnostic tools such as chromosomal microarray analysis (CMA) and exome sequencing in
understanding the genetic basis of birth defects. Using clinical exome sequencing, we have
identified novel Mendelian disorders utilizing the large datasets available at Baylor Genetics.

In addition, we have recruited over 150 families with Wolff-Parkinson-White (WPW) syn-
drome and are interested in understanding the genetic basis of this pre-excitation syndrome
that affects 1-3/1000 individuals. We are also recruiting families with TANGO2 mutation to un-
derstand the mechanisms underlying metabolic crises and rhabdomyolysis in the affected
individuals.
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Developmental, translational and clinical studies of skeletal dysplasias and inborn errors
of metabolism

As a pediatrician and geneticist, the overall mission of my research program is to translate
the study of structural birth defects and inborn errors of metabolism into a basic understand-
ing of development, disease and novel therapeutic approaches. In the area of metabolism, we
have applied genetic approaches to the study of biochemical genetic disorders (specifically
urea cycle disorders) as models of complex disease (those involving nitric oxide dysregula-
tion). This has led us to study the consequences of metabolic derangements broadly in the
endocrine, cardiovascular, skeletal, renal, and neurological systems. In the area of structural
birth defects, we have studied paracrine and endocrine signaling pathways that regulate skel-
etal development including morphogens (TGFB, Wnt and Notch), and extracellular matrix
proteins and their modifications (e.g. collagen prolyl-hydroxylation) that contribute to the
human skeletal dysplasias including brittle bone diseases. These developmental pathways
have led us to ask how their dysregulation lead to common diseases such as osteoporosis,
osteoarthritis, and bone cancer.

The mechanistic discoveries of my laboratory research program are translated into the
clinical arena via clinical research that is performed as part of the Skeletal Dysplasia Clinic and
the Metabolic Disorders Clinic at Texas Children’s Hospital, respectively, and as part of two
NIH rare diseases clinical research consortia (the Brittle Bone Disorders Consortium and the
Urea Cycle Disorders Consortium). My clinical research program began with stable isotopic
measurements in humans and urea cycle disorder patients to better diagnose and assess new
treatments. These human studies evolved into the assessment of nitric oxide flux in patients
with UCDs and specifically in those with argininosuccinic aciduria. I have participated in and
led both investigator-initiated and industry-sponsored interventional studies including the de-
sign and implementation of Phase Il and Il studies of a novel ammonia scavenger
glyceryl-triphenylbutyrate in urea cycle patients; combinatorial phenylbutyrate/arginine treat-
ment and nitric oxide supplementation in patients with argininosuccinic aciduria; and
phenylbutyrate in maple syrup urine disease. In the area of skeletal dysplasias, | have studied
the utility of zoledronic acid, teriparatide, and anti-TGFf treatments in pediatric and adult os-
teogenesis imperfecta. Our preclinical gene therapy studies have led to a clinical trial of
helper-dependent adenoviral gene therapy in osteoarthritis. Finally, | have focused on advanc
ing diagnosis of genetic diseases via gene discovery and mechanistic studies in the NIH
Undiagnosed Diseases Network.
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RESEARCH INTERESTS

Dr. Lewis, an ophthalmologist at the Cullen Eye Institute, joined the Department of
Molecular and Human Genetics to provide in-depth consultations and research in genetic eye
disorders and ocular manifestations of systemic hereditary disorders for Texas Children’s
Hospital and the adult Genetics Services at the Baylor-affiliated hospitals. His clinical practice
includes genetic eye disease and their constitutional associations. With numerous members of
the Department, he and his colleagues pioneered the mapping and isolation of many X-linked
ocular disorders, including X-linked Retinitis Pigmentosa, Choroideremia, the Oculo-Cerebro-
Renal Syndrome of Lowe, Blue Cone Monochromacy, X-linked Nettleship-Falls Ocular
Albinism, and the Nance-Horan X-linked Cataract-Dental Syndrome.

Dr. Lewis and Dr. David Nelson collaborated and isolated the gene for Incontinentia
Pigmenti (IP2) at Xq28, an X-dominant disorder with multisystem complications in the eye,
skin, brain, and teeth, and embryonic lethality in males. Studies with Dr. Igna Van den Veyver
and Dr. Reid Sutton continue the search for the genetic construct for Aicardi Syndrome, an-
other distinctive phenotype in females only with extreme retinal and optic nerve malformations
and profound brain and developmental consequences.

For many years, he has collaborated with Dr. James Lupski on studies of Mendelian ocular
disorders, including Stargardt Disease/Fundus Flavimaculatus (the most common genetic
cause for juvenile macular degeneration), the Laurence-Moon-Bardet-Biedl Syndromes (pro-
gressive retinal dystrophy with obesity, polydactylia, developmental disability, and various
renal anomalies), the Usher Syndromes (retinitis pigmentosa and neurosensory deafness), and
Leber Congenital Amaurosis (genetically heterogeneous disorders that share profound visual
impairment from birth and other systemic features from neurosensory hearing impairment to
progressive renal failure). The first human examples of digenic triallelic inheritance in man (in
BBS) were defined from their extensive studies of his BBS cohort. The role of the Stargardt
Disease gene in Age-Related Macular Degeneration and autosomal recessive forms of retinitis
pigmentosa were explored here first as well.

Ongoing collaborations with Dr. Lupski and the Center for Mendelian Genomics include
the discovery of the gene for the “Hutterite-type” juvenile-onset cataract and the recognition
that this gene may also cause subsequent sudden death of these individuals as they grow into
their third and fourth decades of life; the study of an unusual autosomal dominant form of
progressive retinal dystrophy uniquely associated with mitral valve prolapse and other cardiac
malformations; the genetic evaluation of a multigenerational Texas family with autosomal
dominant optic atrophy preceding nearly uncontrollable grand mal seizures first identified by
Dr. Arthur Beaudet; the search for the underlying genetic mechanism(s) of the Hallermann-
Streiff Syndrome, a rare ectodermal dysplasia with a distinctive face, beaked nose, natal teeth,
thin hair, congenital and often spontaneously resorbing cataracts, and proportionate short
stature; and the investigations of the spectrum of Septo-Optic Dysplasia, optic nerve hypopla-
sia, and cerebral visual impairment, the Goldenhar Syndrome, and investigations of
yet-unsolved forms of ectodermal dysplasia.

Dr. Lewis also serves on the Steering Committee of Baylor’s Undiagnosed Disease
Network program. He has been a member of the Steering Committee of the National Eye
Institute’s National Ophthalmic Disease Genotyping Network (eyeGENE) Program since its
inception in 2003 and its Chair since 2009. He was the Principal Investigator for Baylor of the
Studies of the Ocular Complications of AIDS (SOCA) for its entire 25-year history, the longest
single NIH-funded research protocol in the history of the Department of Ophthalmology, and
the sole Principal Investigator for the Age-Related Eye Disease Study 2 (AREDS2), that demon-
strated that neither lutein nor fish oil (nor both) reduces the risk of progression of macular
degeneration in older Americans and that supplemental micronutrients do not protect against
cognitive decline.
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Technology development of multi-omics: We have developed the first single-cell RNA
sequencing platform in Drosophila neurons and glia for studying neural development (Li et al.,
2017 Cell; Li et al 2020 Current Biology). Recently, we developed a single-nucleus RNA-seq
method in flies (McLaughlin, ..., Luo, Li, 2020 bioRixv) and applied it to the Fly Cell Atlas (FCA)
project, a large collaborative project aiming to get the transcriptomic map of the entire fly. We
will continue developing and applying multi-omics technologies (transcriptomics, epigenom-
ics, and proteomics), and combine them with powerful fly genetic tools to study development,
aging and diseases.

Anti-brain aging to increase healthy lifespan: Our long-term goal is to identify molecular
and cellular mechanisms that contribute to brain aging, including glia-neuron interactions,
systemic inflammatory signals, and gut-brain interactions. We will apply single-cell sequencing
and cell surface proteomics (J. Li, Han, H. Li, 2020 Cell) to study glia-neuron interactions and
inter-organ communications to understand brain aging. We will employ the single-bacterium
genomics to explore gut microbiota changes during aging and study how they contributes to
brain aging.

Limiting age-triggered tumor initiation and growth: Age is the biggest risk factor for many
types of cancers, including breast, prostate, lung and colorectal cancers (H. Li and Jasper,
2016). A central goal of this project is to discover how aging triggers tumor onset in the regen-
erating intestine. We will use fly intestine as a discovery model to generate hypotheses that we
will then test in mouse cancer models and human colon cancers, aiming to develop effective
strategies for limiting age-related tumor initiation and growth.

E-mail: Hongjie.Li@bcm.edu
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RESEARCH INTERESTS

Our lab marries computation with experiments to understand the molecular evolution of
genes and pathways—how their functions may become corrupted by genetic mistakes or how
they may be re-engineered to new designs. Technically, we draw upon a wide range of disci-
plines to address fundamental questions in structural biology, clinical genomics and precision
medicine. Over the long-term, we hope to discover new therapeutic paths and to harness the
synthetic potential of organisms. In the short-term we seek to interpret the mutational action
of human genome variations on health and to pinpoint the genes that drive complex diseases.

Starting from structural bioinformatics, our algorithms broadly merge mathematical and
evolutionary principles. They enable multi-scale data integration and, in favorable conditions,
precise control of molecular functions. This has led to discoveries across diverse systems, in-
cluding G protein signaling, malaria and cancer. Newer interests include network theory,
text-mining and cognitive computing. Specific examples include a network compression
scheme that made tractable the diffusion of information across nearly 400 species. This ap-
proach uncovered a possible mechanism for the best current drug against malaria. Other
network studies, reasoned over the entire PubMed literature to discover new kinases and
protein interactions for p53.

A recent promising line of research quantifies the evolutionary action (EA) of mutations on
fitness to make a bridge between molecular biology and population genetics. EA correlates
with experimental loss of function in proteins; with morbidity and mortality in people; and with
purifying gene selection in population. In head and neck cancer patients, EA stratifies out-
comes and suggests alternate therapy for some patients. In the future, we hope to unite these
different approaches into a coherent path to compute precision therapy that is personalized
to each patient based on their unique profile of genome variations.

E-mail: lichtarge@bcm.edu
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To what extent are de novo DNA rearrangements in the human genome responsible for
sporadic human traits including birth defects? How many human Mendelian and complex
traits are due to structural changes and/or gene copy number variation (CNV)? What are the
molecular mechanisms for human genomic rearrangements? The answers to these questions
will impact both prenatal and postnatal genetic diagnostics, as well as patient management
and therapeutics. Moreover, the answers have profound implications for human evolution.

For six decades, the molecular basis of disease has been addressed in the context of how
mutations effect the structure, function, or regulation of a gene or its protein product.
However, we have been living in a genocentric world. During the last decade, it has become
apparent that many disease traits are best explained on the basis of genomic alterations.
Furthermore, it has become abundantly clear that architectural features of the human genome
can result in genomic instability and susceptibility to DNA rearrangements that cause disease
traits — | have referred to such conditions as genomic disorders.

Twenty-five years ago, it became evident that genomic rearrangements and gene dosage
effects, rather than the classical model of coding region DNA sequence alterations, could be
responsible for a common, autosomal dominant, adult-onset neurodegenerative trait—Charcot-
Marie-Tooth neuropathy type 1A (CMT1A). With the identification of the CMT1A duplication
and its reciprocal deletion causing hereditary neuropathy with liability to pressure palsies
(HNPP), the demonstration that PMP22 copy-number variation (CNV) could cause inherited
disease in the absence of coding-sequence alterations, was initially hard to fathom. How could
such subtle changes—three copies of the normal “wild-type” PMP22 gene rather than the usual
two—underlie neurologic disease?

Nevertheless, it has become apparent during this last decade and a half that neurodegen-
eration can represent the outcome of subtle mutations acting over prolonged time periods in
tissues that do not generally regenerate, regardless of the exact molecular mechanism. This
concept has revealed itself through 1) conformational changes causing prion disease, 2) the
inability to degrade accumulated toxic proteins in amyloidopathies, o-synucleinopathies, and
polyglutamine expansion disorders, and 3) alteration in gene copy number and/or expression
levels through mechanisms such as uniparental disomy (UPD), chromosomal aberrations (e.g.,
translocations), and submicroscopic genomic rearrangements including duplications, dele-
tions, and inversions. Specific deletions and duplications have recently been shown to be
associated with both autism and schizophrenia, as well as with obesity.

Currently, structural variation of the human genome is commanding a great deal of atten-
tion. In the postgenomic era, the availability of human genome sequence for genome-wide
analysis has revealed higher-order architectural features (i.e., beyond primary sequence infor-
mation) that may cause genomic instability and susceptibility to genomic rearrangements.
Nevertheless, it is perhaps less generally appreciated that any two humans contain more base-
pair differences due to structural variation of the genome than resulting from single-nucleotide
polymorphisms (SNPs). De novo genomic rearrangements have been shown to cause both
chromosomal and Mendelian disease, as well as sporadic traits, but our understanding of the
extent to which genomic rearrangements, gene CNV, and/or gene dosage alterations are re-
sponsible for common and complex traits remains rudimentary.

Central to our understanding of human biology, evolution, and disease is an answer to the
following questions: What is the frequency of de novo structural genomic changes in the
human genome? What are the molecular mechanisms for genomic rearrangements? and What
is the genomic code?
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The primary goal of our research is to understand the molecular mechanisms of retinal
development with the ultimate goal of improving our ability to prevent, diagnose, and treat
human retinal disease. To this end, we are using two animals, the mouse Mus musculus and
the fruit fly Drosophila melanogaster, as model systems to identify and determine the function
of conserved genes required for normal retinal development. In spite of substantial differences
between vertebrate and insect retinal morphology, genetic mechanisms of retinal develop-
ment have been conserved for more than 500 million years. Thus, study of the molecular and
genetic pathways controlling Drosophila eye development has provided a valuable set of tools
with which to decipher the development and function of the vertebrate retina. In addition, the
mouse provides a powerful model system to decipher the function of newly identified human
retinal disease genes and to conduct gene therapy studies.

Our main Drosophila project uses a combinatorial approach of genetics, genomics, and
computational biology to dissect the roles of four retinal determination genes: eyeless, toy,
eyes absent, and sine oculis, all of which encode highly conserved transcription factors that are
both necessary and sufficient for eye development. We are using molecular genetics and ge-
nomics to identify direct targets of these transcription factors and the pathways they regulate
to control normal retinal development. In addition, we are using novel genomic rescue strate-
gies to definitively dissect the in vivo function of these genes. Finally, we are using the CRISPR/
Cas9 system to create new alleles to conduct functional studies of eyeless and toy.

In the mouse, we have created knockout models for two genes that cause congenital blind-
ness in humans, SpataZ and Kcnj13. Loss-of-function of these genes results in early visual
system defects in both humans and in our mouse models, which fully recapitulate the human
disease condition. We are using these models to fully dissect molecular mechanisms by which
the genes act in vivo and as tools for conducting gene therapy studies. Our most recent mod-
els for Kcnj13 have been created using CRISPR/Cas9 and have greatly increased the speed
with which we can dissect gene function in vivo.
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The Bioinformatics Research Laboratory (BRL), directed by Dr. Milosavljevic, develops
new data intensive methods and advanced computational approaches to advance under-
standing of biological systems and improve human health. The laboratory is engaged in
collaborative projects with over a dozen current collaborators in the areas of genomics, epig-
enomics, extracellular RNA (exRNA) communication, and tumor biology. The laboratory
serves as the data coordination and analysis center for consortia, including NIH Common
Fund projects that are modeled after the Human Genome project and aim to transform bio-
medical research by creating maps and atlases of previously unexplored yet promising
domains of biology.

As part of the NIH Roadmap Epigenomics Initiative, the laboratory constructed the
Human Epigenome Atlas that maps cell-type specific epigenetic programs and identifies mark-
ers of cellular identity. This information is currently being applied to better understand the
biology of human tumors, specifically the diversity of cell types within tumors and their interac-
tions during cancer progression.

As part of the NIH Extracellular RNA Communication Consortium, the laboratory is half-
way through a 10-year project to construct the exRNA Atlas that catalogs extracellular RNAs
found in human body fluids that are involved in physiological or pathological intercellular com-
munication of endocrine and paracrine type. One specific area of interest is paracrine signaling
between epithelial, stromal and immune cells within tumors that are mediated by microRNAs
and that may serve as “liquid biopsy” markers to guide cancer therapy.

The laboratory is involved in analysis of genome variation in human health and disease. As
part of the Clinical Genome Resource project, the laboratory has developed the ClinGen
Pathogenicity Calculator, Evidence Repository, Linked Data Hub, Allele Registry and other
core components of the emerging ecosystem of data and computable knowledge to aid the
interpretation of human genome variation in clinical contexts.

One particular challenge in interpreting genetic variation form whole genome sequencing
is the understanding of the impact of genetic variation in regulatory loci. To address this ques-
tion, we mapped the “epigenomic footprints” of genetic variation by constructing an
extremely high-resolution map of sequence-dependent allelic imbalances in DNA methylation
and other epigenomic marks. Surprisingly, the regulatory loci showed stochastic switching,
which is defined as random transitions between fully methylated and unmethylated states of
DNA between cells and even between the two chromosomes within the same cell. The meth-
ylation imbalances at thousands of loci are explainable by different relative frequencies of the
methylated and unmethylated states for the two alleles at heterozygous loci. Further analyses
provided a unifying model that links sequence-dependent allelic imbalances of the epig-
enome, stochastic switching at gene regulatory loci, and disease-associated genetic variation.
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RESEARCH INTERESTS

My research is focused on translational medicine, specifically, evaluating new and potential
therapies for various genetic disorders. The main focus of my research program concerns
clinical investigation including the conduct of natural history studies, proof-of-concept pilot
studies, and interventional clinical trials in patients with inborn errors of metabolism and skel-
etal dysplasias.

Inborn Errors of Metabolism: As the Co-Principal Investigator for the NIH Rare Disease
Clinical Research Network’s Urea Cycle Disorders Consortium, | am actively involved in con-
ducting natural history studies, data-mining projects, and exploratory studies aimed at
improving therapies for UCDs. We have discovered that some distinct features of UCDs could
be a result of perturbations of non-ureagenic functions of urea cycle enzymes. In particular,
we have shown that nitric oxide (NO) deficiency in the UCD argininosuccinate lyase defi-
ciency (ASLD) contributes to the phenotype of the disorder. We are now translating these
molecular findings into the clinical realm by performing clinical trials to evaluate the effects of
NO supplementation on vascular and neurocogpnitive parameters in ASLD.

Skeletal dysplasia: As a lead investigator of the NIH RDCRN's Brittle Bone Disorders
Consortium, | am involved in the conduct of many studies in individuals with osteogenesis
imperfecta, the most common Mendelian form of osteoporosis. One of the key trials involves
evaluating the safety and efficacy of TGF-beta inhibition in individuals with severe forms of Ol.

Clinical Interests: As an adult clinical geneticist, | provide care to adults with a wide variety
of heritable conditions. As the Director of the Clinic for Metabolic and Genetic disorders of
bone, | evaluate and treat patients with osteogenesis imperfecta, heritable disorders of bone,
early-onset osteoporosis, and other common forms of metabolic bone diseases.
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RESEARCH INTERESTS

Hematopoietic stem cells (HSCs) are immature progenitor cells that are responsible for
replenishing blood cells that are lost during homeostasis and become activated upon inflam-
mation or injury to promote regeneration. HSCs are multipotent and have the full
developmental potential to differentiate into all blood cells types and persist throughout life
through a cell division mechanism called self-renewal. Differentiation and self-renewal often
go awry in blood cancer, or leukemia, to enable unlimited proliferation of malignant blood
cells.

The focus of our lab is to study the molecular and cellular mechanisms that regulate self-
renewal and differentiation in HSCs and leukemia. We use mouse genetics, genome-editing
tools, and epigenome profiling to understand how physiological changes and stress conditions
stimulate HSCs. We recently developed a lineage-tracing mouse model to trace the fate of
HSCs and to study their behavior in vivo. This model is being used to investigate how HSCs
respond to hematopoietic insults and the mechanisms by which they regenerate the blood
system after stress. We also study how mechanisms that regulate HSCs go awry to cause leu-
kemia. Our recent study indicates that leukemia cells rely on particular metabolic and
epigenetic master regulators to support their unlimited proliferative capacity and to block
differentiation. Our ongoing studies aim to identify and characterize novel metabolic pro-
cesses that are essential for leukemia progression that can be targeted for intervention. By
studying differentiation and self-renewal mechanisms in normal stem cells and cancer cells, we
seek to identify key differences that could be targeted to promote regeneration by normal
stem cells and suppress cancer by disabling the aberrant stem cell mechanisms.
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One of the most exciting recent developments in human genetics has been the identifica-
tion of unstable trinucleotide repeats involved in high frequency mutations leading to more
than one dozen genetic disorders, including myotonic dystrophy and Huntington's disease.
With collaborators, Dr. Nelson described the first of these unstable DNA sequences, a CGG
trinucleotide repeat in the FMRT gene and responsible for the fragile X site and mental retarda-
tion found in people with Fragile X syndrome. This is the most common form of inherited
mental retardation, with a frequency of ~1/2000 males in the general population. The mecha-
nism by which this mutation leads to disease is through loss of function of the FMRT gene
product due to diminished expression resulting from aberrant methylation of the gene. Recent
evidence suggests that the gene product of FMR1 interacts with complexes of RNA and ribo-
somes, implying a role in regulation of translation. Efforts in the Nelson group are focused on
dissecting this pathway and understanding the development of DNA instability at this locus.

The Nelson group also studies disorders found in FMR1 premutation carriers (55-200 re-
peats). Males with CGG repeat lengths in this range are at risk for a late-onset
neurodegenerative disorder termed FXTAS. FXTAS is distinct from fragile X syndrome; indi-
viduals are cognitively unaffected until their 6th or 7th decade and show neuronal
degeneration and nuclear inclusions that stain with ubiquitin on autopsy. The Nelson group
has utilized models in flies and mice to investigate the hypothesis that a gain of function
through RNA toxicity is responsible for neuronal dysfunction and death. Fly models allowed
identification and characterization of modifiers, and mouse models showed definitively that
the CGG repeat was both necessary and sufficient to affect mammalian neurons. The group
is also studying Fragile X associated primary ovarian insufficiency, a disorder of early meno-
pause found in some female carriers of the premutation using mouse models. These models
have led to improved understanding of mechanism, including a role for several RNA-binding
functions such as TDP-43 and alterations in 5-hydroxymethylcytosine, suggesting widespread
dysregulation of gene expression.
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My laboratory is interested in developing gene therapies using helper-dependent adenovi-
ral vectors (HDAd). HDAd (also called gutless or gutted adenovirus) do not contain any viral
genes and thus represent a major improvement over early generation adenoviral vectors with
respect to safety and efficacy. These vectors can transduce target cells with high efficiency to
provide high level long-term transgene expression without chronic toxicity. Studies into im-
proving the production of HDAd as well as their characterization are ongoing in my laboratory
including manufacturing the vector under current Good Manufacturing Practices (cGMP) for
clinical applications in humans.

A focus of my laboratory is liver-directed gene therapy using HDAd to treat a wide variety
of genetic and acquired disease such as hemophilia, Crigler-Najjar syndrome, cardiovascular
disease, alpha T-antitrypsin deficiency and many others. We are investigating novel methods
of delivering HDAd preferentially into the liver of mice, dogs and nonhuman primates. We
have developed a minimally invasive, balloon occlusion catheter-based method to deliver
HDAd preferentially into the liver of large animals which results in negligible toxicity and long-
term, high level transgene expression. This technology may pave the way towards human
clinical application for a wide variety of genetic and acquired diseases. We are also investigat-
ing ways of modifying the capsid of the vector to achieve preferential transduction of
hepatocytes.

Another major focus of my laboratory is lung-directed gene therapy using HDAd with the
primary goal of treating cystic fibrosis. We have developed a novel method of aerosolizing
HDAd into the lungs of nonhuman primates which has resulted in very high efficiency gene
transfer to the airway epithelium with negligible toxicity. These encouraging and compelling
results may pave the way to treat patients with cystic fibrosis in the future.

We are also interested in investigating the innate and adaptive immune responses to
HDAd. These important studies will provide information regarding the host-vector interactions
which will be very useful for further improving the safety and efficacy of HDAd-mediated gene
therapy.

Another active area of research in my lab is gene editing of human induced pluripotent
stem cells (iPSCs) by HDAds. Gene editing of iPSCs has emerged as a powerful tool in re-
search and has great potential in medicine. The major appeal of HDAd-mediated gene editing
is that induction of an artificial double stranded break at the chromosomal target locus by a
designer endonuclease is not required to achieve high targeting efficiency, thereby eliminating
the potential for off-target cleavage. We are interesting in understanding the mechanism of
gene editing by HDAd so that we may further improve its efficiency to ultimately permit direct
and efficient in vivo gene editing in the future.
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Identification of skeletal stem cell heterogeneity and regulatory mechanism in vivo: The
main interest of my lab is to understand the biology of mesenchymal/skeletal stem cells in
tissue regeneration and cancer. Mesenchymal cells are critical for maintenance and regenera-
tion of most tissues with particular importance in the life-long regeneration of bone. These
cells are also critical in the bone marrow microenvironment to regulate hematopoiesis with
likely participation in leukemia and cancer metastasis. However, the in vivo characteristics and
function of mesenchymal/skeletal stem cells represent fundamental and still unanswered
questions. Modulation of mesenchymal regeneration in skeletal and non-skeletal tissues re-
mains a major therapeutic challenge. To address these questions, we have developed a new
strategy utilizing genetic pulse-chase models and advanced intravital imaging technology.
Using this approach, we defined the lifespan and unexpectedly short-term recycling of osteo-
blasts in vivo. Further, long-term maintenance of osteogenic cells comes from lineage-restricted
skeletal stem/progenitor cells (Park et al, Cell Stem Cell 2012). More recently, we discovered
long-term repopulating, functionally distinct adult periosteal skeletal stem cells (P-SSCs) in
vivo. These P-SSCs are critical for periosteal (outer) bone maintenance, specifically express
CCL5 receptors, CCR5, and have a unique CCL5-dependent migratory mechanism required
for bone injury repair (Ortinau et al, Cell Stem Cell, 2019). We now aim to address functional
heterogeneity and epigenetic regulation of skeletal stem cells in the context of skeletal aging
and to explore the clinical relevance of these cells in bone disorders and cancer bone metas-
tasis.

In vivo mechanism of HSC niche cells: The maintenance and function of HSCs are finely
controlled by a specialized microenvironment, HSC niche. SSCs are a key component for the
HSC niche and are essential to protect HSCs from external stress. However, due to the lack of
in vivo HSC tracking model, how stress signals control endogenous HSCs and their niche in-
teraction is largely unknown. We previously found that bone marrow stresses regulate the
HSC lineage commitment and identified important factors in myeloid/erythroid-lineage dif-
ferentiation under marrow stress conditions. Recently, we generated a novel animal model to
selectively label endogenous HSCs and found a clear displacement of HSCs away from
CXCL12-expressing niche cells upon interferon treatment. We are now elucidating the mecha-
nisms by which niche cells regulate HSCs and understanding how perturbations to these
interactions can promote disease states such as hematopoietic aging and malignancies.

Identification of muscle and tendon stem cells: My laboratory is also interested in the
identity and function of mesenchymal populations in non-skeletal tissues such as muscle and
tendon. However, their cellular origin and mechanisms that govern tissue regeneration and
repair remain unanswered. A key question is whether mesenchymal stem/progenitor cells
from different tissues behave differently in vitro and in vivo. My laboratory has the tools to
answer these important questions using a variety of genetic, immunologic, and microscopic
technologies with the goal of identifying molecules and mechanisms that regulate mesenchy-
mal cells of different tissue origin. These studies will elucidate fundamental aspects of tissue
regeneration and may lead to the development of new regenerative medicine strategies.
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RESEARCH INTERESTS

As a physician scientist and a medical and human geneticist, my ultimate goal is to be able
to translate our understanding of the relationship between an individual’s genotype and phe-
notype into actionable and treatable information in the clinic. The first step toward this goal is
elucidation of the complex relationships between genotypes and human disease phenotypes.
My research program is focused on the following three scientific inquiries, each of which will
lead to a more precise understanding of these relationships:

1. What is the genetic etiology of Postural Orthostatic Tachycardia Syndrome (POTS),
and to what extent do genetic heterogeneity and more complex modes of inheritance play
a role in the clinical expression of POTS?

POTS represents one of many adolescent- or adult-onset conditions for which the molecu-
lar contribution - and genetic architecture - of disease is not well understood (Posey et al.,
2016). Despite numerous examples of families with POTS following an autosomal dominant
mode of inheritance, candidate disease genes have not been forthcoming, supporting the
possibility that genetic heterogeneity, or perhaps more complex modes of inheritance, may
play a role in the clinical expression of this condition. To address this possibility, we have built
a cohort of individuals and families with POTS and other forms of autonomic dysfunction, and
are applying and analyzing genomic methods to identify the molecular etiologies of disease in
these individuals.

2. How common are dual molecular diagnoses, and can we take advantage of struc-
tured phenotype data to predict which individuals with rare conditions are more likely to
have two (or more) molecular diagnoses contributing to disease expression?

Dual, or multiple, molecular diagnoses break from the ‘one-gene-one-disease’ paradigm,
resulting in two or more independently segregating Mendelian conditions within an individual.
Despite being long-recognized to occur in ‘rare’ cases, the true frequency of multiple molecu-
lar diagnoses has only more recently been described with the emergence of genome-wide
techniques, such as array comparative genomic hybridization (aCGH) and ES, enabling a
comprehensive identification of rare variation. In collaboration with the BG diagnostic labora-
tory and the BHCMG, we demonstrated that multiple molecular diagnoses are identified in at
least 4.9% of individuals for whom ES is diagnostic (Posey, Harel, et al., 2017). We are now
expanding this cohort and utilizing structured phenotype data to develop methods to predict
which individuals may have multiple molecular diagnoses.

3. What are the roles of nuclear and mitochondrial genome variation in the expression
of atypical forms of diabetes?

Diabetes has been broadly classified into type 1 diabetes (T1D) associated with auto-im-
mune destruction of the pancreas, and type 2 diabetes (T2D) with adult-onset insulin
resistance and/or impaired glucose tolerance. Despite these classifications, approximately
1-4% of individuals < 18 years with diabetes have a monogenic form that is clinically (pheno-
typically) distinct from T1D and T2D. As a member of the Rare and Atypical DIAbetes
NeTwork (RADIANT) consortium, we are applying genomic methods to identify the molecu-
lar etiology of rare, monogenic forms of diabetes.
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RESEARCH INTERESTS

As a clinical geneticist | strive to provide the most comprehensive and compassionate care
to individuals with developmental and genetic disorders. As a medical educator | strive to
engender curiosity in all learners and help foster an environment that is conducive to collab-
orative learning and discovery.

My clinical research interest stems from experience in the characterization of Potocki-
Shaffer syndrome (PSS), Smith-Magenis syndrome (SMS; deletion 17p11.2), and Potocki-Lupski
syndrome (PTLS; duplication 17p11.2).

PSS is a contiguous gene deletion syndrome due to an interstitial deletion within the short
arm of chromosome 11 [ del(11)(p11.2p12)]. Clinical findings of PSS include intellectual dis-
ability, multiple exostoses, biparietal foramina, and genital anomalies in males. The presence
of multiple exostoses is associated with deletion of EXT2, the presence of biparietal foramina
is associated with the deletion of ALX4, and haploinsufficiency of PHF21A is associated with
intellectual disability and craniofacial anomalies. Individuals with duplication of this region
have also been identified.

SMS is associated with a heterozygous deletion within 17p11.2 or point mutation of RAIT
that maps within 17p11.2. While the phenotype is variable among patients with the same
sized deletion, most patients have cognitive impairment, neurobehavioral abnormalities, and
severe sleep disturbances including an inversion of the circadian rhythm of melatonin.
Cardiovascular anomalies—observed in less than 50%-include septal defects, and in more se-
vere cases, obstruction of the right ventricular outflow track as seen in tetralogy of Fallot.
While not thoroughly investigated, growth hormone deficiency may play a role in the short
stature and obesity phenotype observed in SMS.

Duplication 17p11.2 represents the reciprocal recombination of the common SMS dele-
tion. The clinical phenotype of persons with dup17p11.2 is distinct from that of SMS and
consists of infantile hypotonia and failure to thrive, mildly dysmorphic facial features, cognitive
impairment, and autism spectrum. Although sleep disturbances are less of a concern for indi-
viduals with PTLS, many have sleep disordered breathing. Cardiovascular anomalies are seen
in approximately 50 percent of patients and include left ventricular outflow tract anomalies
such as hypoplastic left heart and bicuspid aortic valve. Growth hormone deficiency has only
recently been observed in a subset of our PTLS cohort.

Clinical comparisons of PTLS and SMS, in conjunction with molecular analyses, will pro-
vide insight as to dosage sensitivity and the roles of the genes within this region.
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RESEARCH INTERESTS

My research is focused on the genetics and genomics of nonhuman primates. These spe-
cies are widely used as animal models of disease because they are so similar genetically and
physiologically to humans. For studies of neurobiology and behavior, infectious diseases,
metabolic diseases and other common health problems, nonhuman primates provide unique
and valuable experimental models. As the analysis of genetic mechanisms in biomedical and
basic biological research increases, the need for detailed information about the genomics of
nonhuman primates also grows.

My laboratory is working on various aspects of primate genomics, including both basic
comparative analyses and targeted research using primate models of human disease. As a
member of the Human Genome Sequencing Center, | plan and execute various studies of
nonhuman primate genomes. Working with other HGSC faculty and staff, as well as people
outside BCM, we have produced de novo whole genome assemblies for several primates, in-
cluding baboons (Papio anubis), sooty mangabeys (Cercocebus atys), marmosets (Callithrix
Jjacchus), gibbons (Nomascus leucogenys), mouse lemurs (Microcebus murinus), owl monkeys
(Aotus nancymaae) and other species. These projects involve deep whole genome sequenc
ing of one individual per species, and computational assembly of the sequence data to
produce a reference genome sequence that will be a resource for all future genetic analyses
of that species. These projects also include the sequencing of additional individuals to identify
intra-species genetic variation and RNA sequencing to characterize gene expression. The re-
sult is high quality genomic information that facilitates both disease-related research and
analyses of genome evolution (Rogers and Gibbs, 2014). We have also conducted an exten-
sive survey of genomic variation in the most widely used nonhuman primate, the rhesus
macaque (Macaca mulatta). By sequencing the genomes of more than 600 rhesus monkeys
from various research colonies we have discovered many thousands of functionally significant
genetic variants that can be used to examine the effects of specific genes on various disease-
related phenotypes. Information regarding genetic variation, including changes in protein
coding sequences and putative regulatory sequences, in combination with other genomic
data, makes all these primate species more useful for future biomedical research projects.

The second major line of research in my laboratory is the targeted analysis of particular
nonhuman primate models of human genetic diseases. In collaboration with psychiatrists and
neurobiologists, we have studied individual variation in behavior among macaques and ba-
boons (Johnson et al., 2015; Rogers, 2018), and explored the underlying neurobiological
mechanisms. The multifaceted behavior of primates, including their capacity for complex so-
cial interactions, makes them outstanding subjects for behavioral and neurogenetic
investigation (Oler et al., 2010; Rogers et al., 2013; Fawcett et al., 2014). The primate models
point us to genetic mechanisms that may influence susceptibility to psychiatric disorders in
people (Rogers et al., 2013). We are also analyzing primate models of inherited susceptibility
to cancer (Dray et al., 2018), retinal disorders and early onset progressive vision loss (Moshiri
et al., in press) and genetic factors that increase risk for a specific form of severe cardiomy-
opathy.

While most of our effort is focused on the projects above, | also maintain an active interest
in genetic analyses of wild primate populations. | led a large international consortium of re-
searchers who investigated genetic differentiation among six species of baboons (genus
Papio). We found that these species, although genetically and phenotypically quite distinct,
have an evolutionary history that includes multiple episodes of inter-species admixture and
gene flow (Rogers et al., in press). This makes the living baboon species an excellent model for
human genome evolution and our ancient admixture with Neanderthals and Denisovans. In
another project, we and our colleagues are studying wild kinda baboons (Papio kindae) in
Zambia (Jolly et al., 2011), a species only recently recognized as distinct from other baboons
and which has received little formal scientific attention.
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RESEARCH INTERESTS
Genome Instability in Evolution, Antibiotic Resistance, and Cancer

Stress-Induced Mutagenesis: For 70 years the world believed that mutations occur at
random. The discovery of stress-induced mutagenesis has changed ideas about mutation and
evolution and revealed mutagenic mechanisms that are induced by stress responses. The
stress responses increase mutagenesis specifically when cells are maladapted to their environ-
ments, i.e. are stressed, potentially accelerating evolution then. We are elucidating molecular
mechanisms of stress-inducible mutation in E. coli using genetic, molecular, genomic, func-
tional systems biological, single-cell, and synthetic approaches. We discovered that the
normally high-fidelity mechanism of DNA-break repair is switched to a mutagenic version of
that mechanism, using a special error-prone DNA polymerase, specifically when cells are
stressed, under the control of at least two cellular stress responses. Stress-induced mutation
mechanisms are providing important models for genome instability underlying some cancers
and genetic diseases, resistance to chemotherapeutic and antibiotic drugs, pathogenicity of
microbes, and many other important evolutionary processes. We are interested in molecular
mechanisms that drive evolution.

Antibiotic-Resistance Mutation: Some mutations that confer antibiotic resistance form by
mechanisms similar to stress-induced mutagenic DNA break repair, described above, induced
by antibiotics themselves. We are examining the mechanisms by which these mutations form,
and working to develop drugs to block evolution of antibiotic resistance.

Engineered Proteins Detect Spontaneous DNA-Damage Reaction Intermediates in
Living Cells: We created E. coli cells that fluoresce red when their DNA is damaged, and use
flow cytometry to quantify and recover red cells with spontaneous DNA damage to learn their
origins. We also engineer synthetic “freeze-frame” proteins that “trap” DNA-damage reaction
intermediates, which we use to discover the origins of spontaneous DNA damage in bacterial
and human cells. We quantify fluorescent foci that represent specific DNA structures/interme-
diates, and map those specific DNA damage structures in genomes with ChiIP-seq.
Spontaneous DNA damage is the main culprit underlying genome instability in all cells. These
tools are allowing us to discover its origins and a new functional class of cancer-driving genes
conserved from bacteria to human.

Deep Translational Discovery of Cancer-Gene Functions Using E. coli. Genomic instabil-
ity is a hallmark of cancer, yet the DNA-repair proteins that prevent and sometimes cause
instability are highly conserved and similar in all organisms. E. coli RecQ DNA helicase has five
human orthologs, mutations in which cause genome instability, cancer, and cancer-predispo-
sition syndromes: Bloom, Werner, and Rothmund-Thomson. We found that E. coli RecQ works
in homology-directed DNA repair opposite to how one human, a yeast and a fly RecQ ortho-
log do, and thus exemplifies a second paradigm for the function of RecQ-family proteins in
living cells. We also modeled p53™ (most) cancers in E. coli by upregulating the E. coli ortholog
of human RAD51, which most common cancers upregulate. We discovered that increased
RecA causes DNA replication to stall, and that RecQ prevents this, allowing DNA replication.
We used bioinformatics and human-cancer RNA data to discover that most common cancers
co-upregulate two RecQ orthologs—BLM and RECQL4—with RAD51, and two proteins
known to remove replication-fork stalls. Our data imply that, in most common cancers, sur-
prisingly, four DNA-repair proteins that prevent cancer are upregulated and very probably
promote cancer when overproduced by allowing DNA replication. We are pursuing other
promising bacterial homologs of human cancer proteins to learn their mechanisms of action
first in the simpler, more tractable bacterial system to provide mechanisms and models for the
molecular bases of cancer, and reveal its Achilles” heels.

E-mail: smr@bcm.edu

SELECTED PUBLICATIONS

Xia J, Chiu LY, (...), Herman C, Miller KM, Rosenberg SM
(2019). Bacterial-to-human protein networks reveal origins
of endogenous DNA damage. Cell 176: 127-143.e24.

Sivaramakrishnan P, Sepulveda LA, Halliday JA, Bravo
Ninez MA, Liu J, Golding I, Rosenberg SM, Herman C
(2017). The transcription fidelity factor GreA impedes
DNA break repair in Escherichia coli. Nature. 550: 214-
218.

Fitzgerald D, Hastings PJ, Rosenberg SM (2017). Stress-in-
duced mutagenesis: implications in cancer and drug
resistance. Annu Rev Cancer Biol. 1: 119-40.

Xia J*, Chen L-T*, Mei Q¥ (..), Rosenberg SM (2016).
Holliday-junction trap shows how cells use recombination
and a junction-guardian role of RecQ helicase. Sci Adv. 2:
e1601605.

Shee C, (...), Harris RS, Miller KM, Rosenberg SM (2013).
Engineered proteins detect spontaneous DNA breakage in
human and bacterial cells. ELife. 2: €01222.

Wimberly H, Shee C, Thornton PC, Sivaramakrishnan P,
Rosenberg SM, Hastings PJ (2013). Rloops and nicks initi-
ate DNA breakage and genome instability in non-growing
Escherichia coli. Nat Commun. 4: 2115.

Al Mamun AA, Lombardo M-}, Shee C, Lisewski AM, Gon-
zalez C, Lin D, Nehring RB, Saint-Ruf C, Gibson JL, Frisch
RL, Lichtarge O, Hastings PJ, Rosenberg SM (2012). Iden-
tity and function of a large gene network underlying
mutagenic repair of DNA breaks. Science. 338: 1344-8.

Shee C, Gibson JL, Rosenberg SM (2012). Two mecha-
nisms produce mutation hotspots at DNA breatks in
Escherichia coli. Cell Rep. 2: 714-21.

Shee C, Gibson JL, Darrow MC, Gonzalez C, Rosenberg
SM (2011). Impact of a stress-inducible switch to muta-
genic repair of DNA breaks on mutation in Escherichia coli.
Proc Natl Acad Sci U S A. 108: 13659-64.

Pennington JM, Rosenberg SM (2007). Spontaneous DNA
breakage in single living Escherichia coli cells. Nat Genet.
39: 797-802.

Ponder RG, Fonville NC, Rosenberg SM (2005). A switch
from high-fidelity to error-prone DNA double-strand break
repair underlies stress-induced mutation. Mol Cell. 19:
791-804.

Hastings PJ, Bull HJ, Klump JR, Rosenberg SM (2000).
Adaptive amplification: An inducible chromosomal insta-
bility mechanism. Cell. 103: 723-31.

Rosenberg SM, Longerich S, Gee P, Harris RS (1994).
Adaptive mutation by deletions in small mononucleotide
repeats. Science. 265: 405-7.

Harris RS, Longerich S, Rosenberg SM (1994). Recombina-
tion in adaptive mutation. Science. 264: 258-60.



RobNEY C. SAMAcO, PHD

Assistant Professor, Department of Molecular and Human Genetics
Faculty Member, Graduate Programs in Genetics & Genomics and Neuroscience

PhD, Baylor College Of Medicine

RESEARCH INTERESTS

Our primary research interest is to identify and understand the key molecular and neuro-
anatomical determinants of behavior using mouse and rat models of neurobehavioral and
neuropsychiatric endophenotypes.

Behavior is governed by both genetic and environmental factors, yet the genetic basis for
normal behavior remains poorly explored in spite of a need to better understand it for human
health. Through the use of genetically engineered mouse and rat models combined with neu-
robehavioral measurements, in vivo neurophysiological recordings and high-throughput
molecular and biochemical approaches, our lab studies the spatial and temporal requirement
of genes either causative or implicated in the features associated with disorders of the brain.
We aim to forge definitive links between genetic perturbations and alterations at the cellular,
molecular and neural network levels that are responsible for behavioral impairments. Such
work will provide the foundation for studies designed to improve behavioral phenotypes in
mouse models of brain disorders by either genetic or pharmacological means, and will have
clinical implications for human conditions characterized by impairments in these domains.

E-mail: rodney.samaco@bcm.edu
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RESEARCH INTERESTS

My primary research interest involves the study of the natural history and the molecular
characterization of mitochondrial cytopathies. There is cumulative evidence based on isolated
cased reports and limited neuroradiological, biochemical, and molecular studies that mito-
chondrial dysfunction may be linked to autism spectrum disorders (ASDs). It has been
hypothesized that ASDs are prevalent in subjects with mitochondrial cytopathies.

One of the current projects is to characterize from a clinical, biochemical and molecular
standpoint the autistic endophenotype in subjects with mitochondrial disease. A detailed
clinical and molecular understanding of a potential mitochondrial dysfunction linked to this
group of neurobehavioral disorders, if present, offers the possibility of evaluating more spe-
cific therapies and improved clinical outcomes for ASD phenotypes. In addition, | am
interested in ascertaining the prevalence of mitochondrial DNA depletion in the setting of
acute liver failure in infants. A search of candidate nuclear genes involved in the maintenance
of mitochondrial DNA integrity and responsible for the phenotype of recessive mitochondrial
encephalomyopathies is currently underway by using exome sequencing.

Moreover, | have been involved in two clinical research studies that are evaluating nitric
oxide flux and production and glucose kinetics in subjects with MELAS syndrome. This syn-
drome is associated with metabolic stroke episodes. These episodes could reflect the effect
of nitric oxide depletion in the small vasculature. By assessing nitric oxide production and the
effect of arginine and citrulline supplementation in these subjects, potential therapeutic strate-
gies could be offered to them. The glucose kinetics study would shed light on the different
types of pathological mechanisms of diabetes in MELAS syndrome helping to identify poten-
tial biomarkers and therapies.

E-mail: fscaglia@bcm.edu
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RESEARCH INTERESTS

Our laboratory is dedicated to identifying and characterizing genes and genomic altera-
tions that cause common, life-threatening birth defects and determining the molecular
mechanisms by which they impact human health.

Congenital Diaphragmatic Hernia (CDH): Children with congenital diaphragmatic hernia
(CDH) have an abnormal opening in the diaphragm that allows abdominal organs, like the
liver and intestines, to enter into the chest. This invasion interferes with normal lung develop-
ment causing severe respiratory problems at birth. CDH affects about one in every 2,500
newborns. To date, we have identified over 20 genomic regions that are recurrently deleted
or duplicated in individuals with CDH. It is likely that each of these regions harbors one or
more dosage-sensitive CDH genes. Using a combination of molecular cytogenetic data and
mouse modeling, we have identified and characterized several genes that cause CDH in hu-
mans including HCCS, FZD2, FREM1 and ZFPM2. We have also developed novel mouse
models for CDH that carry mutations in Sox7, frem1, frem2, and Fras1. We are now using
these models to learn how diaphragmatic hernias form and how various CDH genes interact
in vivo.

1p36 Deletion Syndrome: Deletions of chromosome 1p36 can cause a variety of birth
defects including brain anomalies, eye/vision problems, hearing loss, cardiovascular defects,
cardiomyopathy and renal anomalies. Approximately one in 5,000 newborns carries either a
terminal or interstitial deletion on chromosome 1p36. The RERE gene is located on chromo-
some 1p36 and encodes a nuclear receptor coregulator that plays an important role during
embryonic development. Using a combination of animal models and data from individuals
with mutations of RERE, we have shown that RERE plays a critical role in the development of
the brain, eye, inner ear, heart and kidneys. We are actively working to determine the molecu-
lar mechanisms by which RERE-deficiency causes defects in each of these organs. We are also
searching for other genes that contribute to the medical problems seen in individuals with
1p36 deletions.

Esophageal Atresia/Tracheoesophageal Fistula (EA/TEF): Another life-threatening birth
defect of interest is esophageal atresia/tracheoesophageal fistula (EA/TEF). During develop-
ment, the esophagus (stomach tube) and the trachea (windpipe) develop from a common
progenitor called the anterior foregut tube. In about one in 3,500 newborns, the development
of these tubes is abnormal resulting in failure of the esophagus to reach the stomach (esopha-
geal atresia) or an abnormal connection between the trachea and esophagus
(tracheoesophageal fistula). Approximately 50% of EA/TEF cases occur in association with
additional anomalies and 10% of cases have a constellation of findings known as VACTERL
(Vertebral, Anal, Cardiac, TracheoEsophageal Fistula, Renal and Limb) association. We are
presently using array-based copy number detection assays and whole exome sequencing to
identify genes that cause these disorders.

Novel Gene Discovery: We also work with physicians and scientists from around the world
to identify genes and genomic regions that are associated with a variety of other phenotypes
including congenital heart defects, cardiomyopathy, developmental delay, intellectual disabil-
ity and autism.
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Functional Genomics: We have used transcriptomes to discover gene function in
Dictyostelium (Booth, 2005; Van Driessche, 2007). We also showed that the transcriptome is
a good phenotyping tool for discovering epistatic relationships (Van Driessche, 2005). Using
RNA-seq, we compared the developmental transcriptomes of D. discoideum and D. purpu-
reum, two species that diverged ~350MYA, but whose developmental morphologies are
similar. We found vast similarities between the two transcriptomes (Parikh, 2010). We ana-
lyzed many mutants and we developed a system for analysis of transcription factors with
RNA-seq and ChlIP-seq (Santhanam, 2015). We found complex regulation of transcriptional
activity during development (Rosengarten, 2015) and described the long-non-coding tran-
scriptome (Rosengarten, 2017). We are analyzing the major transcriptional transitions that
characterize Dictyostelium development using RNA-seq profiles of 20 mutants.

We are developing new tools for exploration of the Dictyostelium genome. Recent tools
include a deep coverage genomic DNA library (Rosengarten, 2015), a method for gene dis-
covery by chemical mutagenesis at low level and whole-genome sequencing to identify
mutations (Li, 2016), and an adaptation of the GoldenBraid system as a synthetic biology tool
for Dictyostelium (Kundert, 2020).

The evolution of social behavior in Dictyostelium: Social organisms must deal with cheat-
ers - individuals that reap the benefits of sociality without paying the costs. In Dictyostelium,
some cells sacrifice themselves and benefit other cells that may be genetically different, pro-
viding a fertile ground for cheating. We have found over 100 genes that participate in social
interactions (Santorelli, 2008) and used genetic tools to characterize mechanisms that deter-
mine social interactions and test how cooperators resist cheating (Khare and Shaulsky, 2006;
Khare, 2009; Khare and Shaulsky, 2010).

Allorecognition: We found that Dictyostelium cells preferentially cooperate with relatives
(Ostrowski, 2008), possibly reducing their exposure to cheaters. We are investigating the mo-
lecular mechanisms that underlie kin discrimination. We found two cell-cell adhesion genes,
tgrB1 and tgrC1, that are highly polymorphic in natural populations and are required for al-
lorecognition (Benabentos, 2009). Gene replacement experiments have shown that the
sequence polymorphism in these genes is sufficient to explain allorecognition in this system
(Hirose, 2011). This kin-recognition system protects cooperators against cheaters (Ho, 2013)
and it is temporally regulated, which allows it to evolve despite its essential role in develop-
ment (Ho, 2015). We are investigating the mechanisms that regulate allorecognition under the
hypothesis that TgrB1 and TgrC1 function as a ligand-receptor pair (Hirose, 2017), which is at
the top of a signal transduction cascade that regulates development and allorecognition.
Some signal transduction genes were found using a genetic suppressor screen (Li, 2016) and
we are continuing the characterization and identification of additional signaling elements.

Data Mining: We are collaborating with Dr. Zupan and his group at the University of
Ljubljana in Slovenia to develop new concepts in genetic analysis. Previously we have devel-
oped a tool that performs automated epistasis analysis, GenePath (Demsar, 2001). We
developed a gene function prediction system that relies on compressive data fusion and chain-
ing and demonstrated its utility in predicting the function of bacterial-recognition genes in D.
discoideum (Zitnik, 2015). We also developed dictyExpress, a web tool that can access and
analyze our transcriptional profiling data (Stajdohar, 2017). Two of our recent collaborative
projects include scOrange, a tool for analyzing single cell RNA-seq data (Strazar, 2019) and
an image analysis platform that utilizes deep models in a visual programming environment
(Godec, 2019).
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Chad Shaw is trained as a mathematical statistician, and he has worked in statistical ge-
nomics and bioinformatics for approximately 20 years. He is currently a Professor at BCM and
Adjunct Professor of Statistics at Rice University. He is also the Head of Statistical Genetics at
Baylor Genetics Diagnostic Laboratory.

Chad has experience in next-generation sequencing, variant analysis, multi-omic data inte-
gration, gene expression profiling, and variant functionalization. He also has expertise in
copy-number analysis and has worked in the area of mechanistic studies of structural variation,
with a focus on the role of repetitive elements on new mutations.

Chad led the development and analysis of an applied probabilistic model for the transmis-
sion of new mutations in the context of human genetic disease, which led to the elucidation
of the dependency of recurrence risk on parent of origin, parental somatic mosaicism, and
paternal age. This fundamental contribution to human genetics was featured in many reviews
and in the New York Times as a lay press article.

Chad has been an author on approximately 200 peer reviewed publications, and his work
has been cited approximately 17,000 times. He has trained five PhD students in his own labo-
ratory and over 10 students as a thesis committee member.

E-mail: cashaw@bcm.edu
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Recent advances have made the discovery of genetic susceptibility loci for complex
human phenotypes a reality, including nervous system disorders. The critical next step will be
to definitively identify the responsible genes and understand their functions in both health and
disease. Our research integrates genetic and genomic investigation in human subjects and
model organisms, with the goal of understanding brain function and aging, and improving the
treatment of neurologic disease. We focus on Alzheimer’s disease and Parkinson’s disease,
two incurable neurodegenerative disorders and experimental paradigms for the age-depen-
dent failure of brain cognitive and motor control in humans.

Human Genetics: The clinical manifestation of neurodegenerative disease is the culmina-
tion of a multi-tiered pathogenic cascade that evolves over decades—understanding how
genetic variants impact this causal chain is essential. We are therefore investigating the impact
of genomic variation on directly measured Alzheimer’s and Parkinson’s disease pathology and
related biomarkers, including quantitative measures of motor impairment based on assess-
ments with biosensor devices. We are also deploying whole genome sequencing in the
Alzheimer’s and Parkinson's disease clinics and returning results to patients and families for
precision medicine applications. Lastly, we are actively exploring links between inherited pe-
diatric lysosomal disorders and risk for late-onset, adult neurodegenerative diseases.

Drosophila Genetics: Despite the promise of current human genomic strategies, such as
genome-wide association studies, next generation sequencing, and gene expression profiling,
they often fail to definitively identify disease causal genes and variants. Therefore, we are taking
advantage of the rapid and powerful genetics available in the fruit fly, Drosophila melanogaster,
in order to accelerate the validation of responsible genes and understanding relevant mecha-
nisms in nervous system health and disease. Expression of human amyloid-beta, Tau, or
alpha-synuclein proteins in the fly nervous system recapitulates many core features of
Alzheimer’s disease and Parkinson’s disease pathogenesis. We are testing candidate human
susceptibility genes for functional genetic interactions in these fly models of neurodegeneration.
Implicated molecular pathways are probed in greater depth, using both Drosophila as well as
mouse and human cellular models for translation. Current areas of interest include endolyso-
somal sorting, RNA metabolism/splicing, neuronal cell adhesion, and synaptic mechanisms of
neurodegeneration.
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Genomic Disorders: The main areas of focus in our research is pathogenetics of lung de-
velopment, and, in particular, the role of non-coding regulatory elements. We demonstrated
that haploinsufficiency of the transcriptional factor FOXF1 gene on 16q24.1 results in a lethal
neonatal diffuse developmental lung disorder, alveolar capillary dysplasia with misalignment
of pulmonary veins (ACDMPV). Recently, we unraveled the role of the TBX4 and FGF10 genes
in other developmental lung diseases, including acinar dysplasia and congenital alveolar dys-
plasia.

We found that somatic mosaicism for CNVs that also contribute to the germline mosaicism
is significantly more common than previously thought. We showed that a considerable num-
ber of apparently de novo mutations causing genomic disorders occur in the previous
generation as a low-level somatic mosaicism and can thus be recurrently transmitted to future
offspring. We continue to study the scale and clinical importance of this phenomenon.

Moreover, we investigate the molecular mechanisms and phenotypic consequences of
genomic rearrangements. We are particularly interested in elucidating the role of higher-order
genomic architectural features such as low-copy repeats (LCRs) and repetitive elements
(LINEs, Alus, HERVs) in genomic instability. Recently, we reported the role of BPTF, PSMD12,
and TRIP12 in neurodevelopmental disorders.

E-mail: pawels@bcm.edu
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RESEARCH INTERESTS

I have committed myself to advancing scientific knowledge and patient care by applying
my clinical skills to research questions. | have employed my knowledge and expertise in the
diagnosis of genetic syndromes, dysmorphology, genetic mechanisms of disease, inborn er-
rors of metabolism and skeletal dysplasias to answer clinical research questions. | have done
this in independent studies of my own design as well as many instances of collaborative re-
search with colleagues engaged in the laboratory investigation of Mendelian diseases.

I have made contributions through gene discovery and defining the phenotypic spectrum
of a number of syndromes including Uniparental Disomy for Chromosome 14, Aicardi, Goltz
(Focal Dermal Hypoplasia), Ankyloblepharon-Ectodermal Dysplasia Clefting (AEC) and
Robinow and White-Sutton syndrome. | am the clinical geneticist for the Baylor-Hopkins
Center for Mendelian Genomics which is an NIH/NHGRI-funded study to discover the ge-
netic basis of Mendelian disorders.

In my role as the Medical Director of the Biochemical Genetics Laboratory at Baylor
Genetics, we have developed large-scale metabolomic profiling for the screening and diagno-
sis of inborn errors of metabolism and our laboratory is the first in the world to offer
metabolomic profiling on a clinical basis, which has led to both advances in care and new
discoveries.

I am the principal investigator for a multi-site longitudinal study of Ol that is funded by the
NIH (NCATS, NICHD, NIDCR & NIAMS) as part of the Brittle Bone Disorders Consortium of
the Rare Disease Clinical Research Network and am also the administrative Pl for this project.

E-mail: vrsutton@texaschildrens.org
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RESEARCH INTERESTS

Our research goals are to advance our knowledge on the fundamental mechanisms of
somatic aging, lipid metabolism and reproductive senescence. These intertwined biological
processes exert profound influence on human health, and are the major risk factors for various
chronic and degenerative diseases. Our laboratory has been studying the molecular mecha-
nisms governing these key biological processes and their complex interrelationship, by
harnessing the power of functional genomics in Caenorhabditis elegans with metabolomics/
lipodomics, chemical engineering and optical biophysics.

Our research has uncovered a lysosome-to-nucleus retrograde lipid messenger pathway,
provided in-depth biochemical mechanisms for its action, and demonstrated its novel roles in
regulating longevity. We have also discovered a previously unknown communication mode
between bacteria and host mitochondria, deciphered bacteria-derived metabolites mediating
this ancient dialogue and their signaling mechanisms, and determined their vital effects on
host’s lipid metabolism and longevity. In addition, our work provides evidences that volatile
metabolites signal through specific olfactory neuroendocrine nexus to shape reproductive and
metabolic strategies. Technically, we have developed and applied hyperspectral and isotope-
labeling-coupled stimulated Raman scattering (SRS) microscopy systems for investigating in
vivo spatiotemporal dynamics of metabolite molecules and its previously unknown association
with metabolic pathologies. Based on SRS microscopy, we have assembled high-throughput
platforms for both forward and reverse genetic screens, leading to the discovery of new regu-
latory mechanisms of lipid metabolism.

Ongoing projects in my laboratory include: (1) investigating the systemic role of lipid sig-
naling in the regulation of longevity; (2) studying the mechanistic link governing the signaling
crosstalk between bacteria and host mitochondria; (3) characterizing the cellular and molecu-
lar mechanism regulating reproductive homeostasis during aging; (4) analyzing lipid dynamics
using quantitative SRS label-free imaging.

E-mail: wmeng@bcm.edu
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RESEARCH INTERESTS
Molecular and Developmental Mechanisms of Mendelian Disorders

Our lab studies rare human disease phenotypes in order to gain insight into general prin-
ciples of human health. Our overall goal is to improve our understanding of the molecular
pathogenesis of Mendelian disease by merging clinical observations, genomics and studies in
model organisms particularly Drosophila melanogaster. We are currently using Drosophila to
study Mendelian disorders and their underlying genetic and developmental mechanisms in
two major efforts:

1) Model Organisms and the Molecular Pathogenesis of Mendelian Disorders: We use
Drosophila models for diagnostic paradigms. We are part of the Model Organisms Screening
Center (MOSC) for the Undiagnosed Diseases Network (UDN). Similar efforts are underway
related to the Centers for Mendelian Genomics (CMG) and the Simon’s Foundation for
Autism Research Initiative (SFARI).

2) Mendelian Disorders of the Peroxisome and Organelle Dynamics: Peroxisomes are
fundamental sub-cellular organelles present in all eukaryotic cells. We use clinical and
Drosophila studies in the elucidation of mechanisms of Peroxisomal Biogenesis Disorders-
Zellweger Spectrum disorders (PBD-ZSD). These diseases are expanding from autosomal
recessive disorders to a broad range of human disease related to peroxisomes.

E-mail: michael.wangler@bcm.edu
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Cancers are driven by genomic and epigenetic alterations that result in the activation of
cellular proto-oncogenes and the inactivation of tumor suppressor genes. Although high-
throughput genomic approaches have begun to establish extensive catalogs of gene
alterations in human tumors, the genes that control tumor genesis, progression, and response
to therapies are often concealed by the complex chromosomal instability in cancer cell ge-
nomes. This challenge is exacerbated by the lack of functional annotation for the vast majority
of genes in the human genome. Thus, functional approaches are critical for identifying the
genetic programs underlying cancer pathogenesis. Our laboratory applies genome-wide RNA
interference (RNAI) and other technologies to the unbiased discovery of cancer genes and
networks. Specifically, we focus on two areas of cancer gene discovery:

Discovering new oncogene-induced “stress pathways” and translating these pathways
into cancer therapies: The cancer community has largely studied the effects of oncogenes
and tumor suppressors and how they contribute to the “pro-tumorigenic” hallmarks of cancer
cells. However, it’s also become clear that oncogenes themselves induce a variety of stresses
in cancer cells such as metabolic reprogramming, oxidative pressures, mitotic instability, and
proteomic imbalance. These stress phenotypes, sometimes collectively referred to as onco-
genic stress, can serve to antagonize tumor growth and survival. The idea that oncogenes
confer a highly stressed state onto cancer cells predicts that strategies to exacerbate one or
more of these oncogene-induced stresses may tilt this balance in favor of killing cancer cells.
We have been interested in exploiting the idea of oncogene-induced stresses for therapeutic
discovery by tackling 3 poorly understood questions: (1) what are the molecular mechanisms
by which prominent oncogenes (ex. Myc, Ras, etc.) induce these stresses? (2) how do cancer
cells tolerate these stresses? and (3) are these stress support pathways different in normal and
tumor cells? By using forward genetic approaches, we have made surprising discoveries about
the endogenous cell pathways that are required to tolerate predominant oncogenic drivers like
cMyc (ex. Kessler et al., Science 2012). We are now extending these studies by elucidating the
stress support pathways that enable cancer cells to tolerate other prominent drivers.

Identifying new oncogene / tumor suppressor networks via functional genetic screens:
With the explosion of genomic data emerging from TCGA, COSMIC, and other annotations
of cancer genomes, there are fundamental challenges in (1) discerning which mutant genes
are critical cancer drivers, (2) how are these drivers connected in genetic / signaling networks,
and (3) how can these cancer gene networks be exploited for new therapies. We are address-
ing these important questions by developing genetic screens in human and mouse systems for
new cancer gene networks. By combining new genetic technologies and engineered cell sys-
tems, we are uncovering new tumor suppressors (PTPN12, REST, INPP4B, etc.) and oncogenes
(PLKT, TEX14, etc.) that control tumor initiation and progression (ex. Westbrook et al., Nature
2008; Sun et al., Cell 2011; Pavlova et al,, eLife 2013). Through orthogonal studies, we have
assembled these cancer genes into interconnected networks and uncovered new entrypoints
for cancer therapies. For example, our group discovered a new tumor suppressor network
that is disrupted in more than 70% of aggressive triple-negative breast cancers (TNBCs), with
the tyrosine phosphatase PTPN12 acting as a core component of this network. Importantly,
disruption of this tumor suppressor network leads to the concerted hyper-activation of a class
of receptor tyrosine kinases. These kinases work together to drive TNBC and probably other
cancers. Importantly, we have shown that pharmcologic inhibition of these collaborating ki-
nases leads to tumor regression of primary TNBCs in vivo. We are currently dissecting the
mechanism(s) by which these signaling pathways cooperate, and translating these discoveries
into new clinical trials for TNBC patients at BCM.
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My primary research interest lies in the understanding of mitochondrial genetics and func
tion in disease, cancer, and aging. For many years, our laboratory has had its major contribution
to the improvement of the molecular diagnosis of the complex dual genome mitochondrial
disorders. This includes the development of various molecular technologies to detect and
quantify single nucleotide variants (SNVs) and copy number changes (CNVs) in both mito-
chondrial and nuclear genomes. We have developed a dense exon targeted oligonucleotide
arrays CGH for coding exons for various mitochondrial, metabolic, and genetic disorders for
the detection of various sizes of exonic CNVs. We invented back-to-back primers to amplify
the intact circular mitochondrial genome followed by deep massively parallel sequencing to
accurately detect and quantify mtDNA point mutations at any nucleotide positions of the mi-
tochondrial genome without the interference of nuclear mitochondrial DNA homologous
sequences. In addition, the breakpoints of mtDNA single and multiple deletions can be un-
equivocally determined. Using target gene capture and deep next generation sequencing
(NGS) technology, we have validated a series of NGS-based panel testing for clinical diagnos-
tic utilities. These include groups of genes involved in specific metabolic pathways, such as
glycogen storage disease (GSD) and congenital disorders of glycosylation (CDG); disease with
defined clinical phenotype (eg Usher syndrome); genetically heterogeneous diseases involved
a particular organ (eg eye, bone); various cancers, genetically and clinically heterogeneous
mitochondrial disorder, in addition to complex neuromuscular disorders. We developed ana-
lytical pipeline to simultaneously detect point mutations (SNVs) and exonic deletions (CNVs),
as well as balanced translocations and Alu mediated chromosomal rearrangement involving
captured regions using deep NGS sequence data. Most recently, we apply sophisticated mo-
lecular barcoding technologies to cell free DNA based noninvasive prenatal screening and
liquid biopsies for cancers.

Reprogramming of energy metabolism is one of the hallmarks of cancer. In proliferating
cancer cells, the rates of glycolysis, lactate production, and biosynthesis of lipids and other
macromolecules are increased. This Warburg effect is attributed to defective or re-pro-
grammed mitochondrial energy metabolism in cancer cells. My research interest is to
investigate the mechanism of the interplay between the nuclear and mitochondrial genomes
and to identify key modulators in the dual genome cross-talk that impact cellular energetics.
We established transmitochondrial cybrids with a defined nuclear background containing mi-
tochondria derived from cancer cell lines with various degrees of tumorigenicity and
metastatic potency to investigate the functional effect of cancer mitochondria on nuclear
gene expression and to provide insight into the mechanism of mitochondrial-nuclear cross-talk
as well as the relationship between energy metabolism and cancer development.

E-mail: ljwong@bcm.edu

SELECTED PUBLICATIONS

Yu H, Zhang VW, (...), Wong LJ (2016). Rapid molecular
diagnostics of severe primary immunodeficiency deter-
mined by using targeted next-generation sequencing. J
Allergy Clin Immunol. 138: 1142-1151.

Qin L, Wang J, Tian X, Yu H, Truong C, Mitchell JJ, Wie-
renga KJ, Craigen WJ, Zhang VW, Wong L) (2016).
Detection and Quantification of Mosaic Mutations in Dis-
ease Genes by Next-Generation Sequencing. ] Mol Diagn.
18: 446-53.

Li J, Tang J, Feng Y, Xu M, Chen R, Zou X, Sui R, Chang EY,
Lewis RA, Zhang VW, Wang J, Wong LC (2016). Improved
Diagnosis of Inherited Retinal Dystrophies by High-Fidelity
PCR of ORF15 followed by Next-Generation Sequencing.
J Mol Diagn. 17: 545-53.

Park JH, (...), Wong L), Kaipparettu BA (2016). Fatty Acid
Oxidation-Driven Src Links Mitochondrial Energy Repro-
gramming and Oncogenic Properties in Triple-Negative
Breast Cancer. Cell Rep. 14: 2154-65.

Wang J, Yu H, Zhang VW, Tian X, Feng YM, Wang G, Gor-
man E, Wang H, Lutz RE, Schmitt ES, Peacock S, Wong LJ
(2016). Capture based high coverage NGS: a powerful
tool to uncover a wide spectrum of mutation types. Genet
Med. 18: 513-21.

Tian X, Liang WC, Feng YM, Wang J, Zhang VW, Chou CH,
(...), Wong LJ, Jong Y] (2015). Expanding genotype/pheno-
type of neuromuscular diseases by comprehensive target
capture/NGS. Neurol Genet. 1: e14.

Li J, Dai H, Feng Y, Tang J, Chen S, Tian X, Gorman E,
Schmitt ES, Hansen T, Wang J, Plon SE, Zhang VW, Wong
L) (2015). A comprehensive strategy for accurate mutation
detection of the highly homologous PMS2 gene. JMD 17:
545-553.

Gargis AS, Kalman L, Bick DP, da Silva C, Dimmock DP,
Funke BH, ..., Lubin IM (2015). Good laboratory practice
for clinical next-generation sequencing informatics pipe-
lines. Nat Biotechnol. 33: 689-93.

Feng Y, Chen D, Wang GL, Zhang VW, Wong LJ (2015).
Improved molecular diagnosis by the detection of exonic
deletions with target gene capture and deep sequencing.
Genet Med. 17: 99-107.

Zhou S, Hertel PM, Finegold MJ, Wang L, Kerkar N, Wang
J, Wong LC, Plon SE, Sambrotta M, Foskett P, Niu Z,
Thompson RJ, Knisely AS (2015). Hepatocellular carci-
noma associated with tight-junction protein 2 deficiency.
Hepatology. 62: 1914-6.

Tannour-Louet M, York B, Tang K, Stashi E, Bouguerra H,
Zhou S, Yu H, Wong L), Stevens RD, Xu J, Newgard CB,
O'Malley BW, Louet JF (2014). Hepatic SRC-1 activity or-
chestrates transcriptional circuitries of amino acid
pathways with potential relevance for human metabolic
pathogenesis. Mol Endocrinol. 28: 1707-18.



Kim C. WORLEY, PHD

Professor and Vice Chair for Research Affairs - Basic and Translational,
Department of Molecular and Human Genetics

Faculty Member, Human Genome Sequencing Center

Chair Elect, BCM Faculty Senate

BS, Massachusetts Institute of Technology
PhD, Baylor College of Medicine
Postdoc, Baylor College of Medicine

RESEARCH INTERESTS

My research interests center on building, annotating, understanding and making use of
genomes. | have coordinated research in large multi-institutional international research consor-
tia, including analysis and publication of research results for the Human Genome Project,
Human Microbiome Project, and comparative genomics projects for over 40 animal species.
For these projects, | had a role creating genome representations through de novo genome
assembly, improving genome representation through targeted sequencing and structural
variation analysis, and contributing to the understanding genome function through analysis,
annotation and computational methods. The number of sequenced human genomes has in-
creased, and genomes representative of diverse humans have become available, but the
challenge of interpreting the impact of personal variation and applying this knowledge in a
way that serves individual patients and improves the practice of medicine remains an analyti-
cal frontier.

E-mail: kworley@bcm.edu
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RESEARCH INTERESTS

The core question our lab wants to answer is how the epigenetic factors dynamically regu-
late the cell fate decision and the response to external stimulation. Our final goal is to apply
the fundamental knowledge for curing human diseases, such as cancer. Cancer is a systems
biological disease. The tumor is a complex and robust biological system. Although we have
developed powerful weapons such as chemotherapies, molecularly targeted therapies, and
immunotherapies to kill cancer cells, the cancer treatment resistance is still the pressing chal-
lenge in current cancer research and treatment. Although acquired resistance can be
developed by genetic mutations of tumor cells during treatment, it could also be due to many
non-genetic factors such as activation of compensatory signaling pathways or stimuli-response
epigenetic regulatory processes. Epigenetic regulatory processes in mammals, such as DNA
methylations and histone modifications, are pivotal for controlling cellular functions. The pro-
found alterations of DNA methylation (5mC) and histone modifications are common
signatures in most types of cancer. Recently, using 2nd generation high-throughput sequenc
ing, about 50% of human cancers were found to harbor mutations in the epigenetic regulatory
enzymes which are involved in chromatin organization. Meanwhile, the vast efforts were de-
voted to developing the drugs or small molecules by targeting epigenetic regulators, which can
manipulate epigenomic modifications (such as HDACs for H3K27ac or DNMTs for DNA
5mC) in cancer cells to alter the activity of the responsive genes. However, the underlying
molecular mechanisms of cancer epigenetics are still elusive.

In previous work, | discovered a novel DNA modification “N6-methyladenine” (6mA, a
DNA methylation that had never been detected in mammals before) with SMRT-ChIP (3rd
generation single-molecule real-time sequencing with native ChIP samples) in mouse ES cells.
We also identified ALKBH1 as the major demethylase of DNA 6mA. Very recently, we pin-
pointed that 6mA level is ultra-high in glioblastoma stem cells and high-grade glioblastoma
(GBM) patient’s samples. In contrast, the 6mA’s abundance is much lower in the differentiated
GBM cells or low-grade GBM patient’s samples. Furthermore, the demethylase ALKBH1 ap-
pears to regulate hypoxia response genes which were well-known for driving the drug
resistance in GBM. Based on these discoveries, | hypothesize that DNA 6mA might be a driver
epigenetic mutation and its regulators could constitute an essential pathway which manipu-
lates cancer treatment resistance. The DNA 6mA’s readers, writers, or erasers, could be
defined as new cancer dependencies which could be targeted to bypass the resistance and
enhance the cancer therapies.

In our lab, we focus on the research projects to explore novel epigenetic regulatory pro-
cesses and identify new epigenomic targets of the treatmentresistant cancerous cells with
holistic approaches (genomics, genetics, biochemistry, systems biology and high-throughput
screening). With the adapted single-molecule SMRT sequencing, single-cell sequencing and
optimized CRISPR/Cas9 screening approaches, we will explore new cancer dependencies
with the novel DNA or histone modifications in different model systems.

E-mail: Tao.Wu@bcm.edu
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RESEARCH INTERESTS

Many pediatric diseases and conditions are caused by mutations found in the patients’
genomic DNA. Genetic mutations responsible for some of these disorders have been success-
fully identified which have opened up new doors for researchers to develop better diagnostic
tools and new treatments. However for most neurological and psychiatric diseases, the causes
are yet to be identified.

The human genome contains “25,000 genes, yet the biological functions of more than
80% of them are not well characterized. Yamamoto lab aims to bridge this gap using powerful
genetic tools available in the model organism, Drosophila melanogaster (fruit flies) that allow
for rapid discovery and functional elucidation of genes that play key roles in the development
and maintenance of nervous system.

Using the information obtained from large-scale fly screens and combining this with large
whole exome sequence (WES) datasets from thousands of patients with undiagnosed diseases
(in collaboration with Drs. Jim Lupski, Richard Gibbs, Michael Wangler and the Baylor-
Hopkins Center for Mendelian Genomics), we have identified a number of new human
disease causing genes. Furthermore, by extensively studying the function of the fly homologs
of these diseases genes, we have revealed molecular mechanisms by which mutations in these
genes cause certain disease conditions.

We are especially interested in classes of genes that regulate cell-cell communication in
development and disease. Notch signaling is a key pathway in the development of almost all
organs, and defects in Notch signaling leads to different congenital disorders, stroke and car-
diovascular diseases, as well as in many types of cancer in both children and adults. Dopamine
signaling, on the other hand, regulates diverse aspects of neuronal function, and its dysfunc
tion is seen in diverse neurodevelopmental (e.g. autism spectrum disorders, ADHD/ADD),
neurological (e.g. dystonia, restless legs syndrome), psychiatric (e.g. schizophrenia, mood
disorders, addiction), as well as neurodegenerative conditions (e.g. Parkinson’s disease).

We aim to identify and characterize novel genes in these pathways and understand their
precise functions in vivo using genetic, cell/molecular biological, biochemical, and electro-
physiological methodologies. Our goal is to provide a better understanding of the molecular
mechanisms underlying these diseases, allowing researchers to explore novel drug targets and
potential therapies towards a cure.

E-mail: yamamoto@bcm.edu
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RESEARCH INTERESTS

Colorectal cancer is the second leading cause of cancer-related deaths in developed coun-
tries. Epidemiological studies strongly suggest that diet is the most important environmental
factor in colorectal cancer development. Indeed, diet is known to affect many important as-
pects of cancer development such as epigenetics, metabolism, immune systems and gut
microbiota. As such, if we can identify and understand the mechanisms by which dietary fac-
tors can prevent or facilitate cancer development, we will be able to control cancer initiation,
progression and metastasis more effectively. Unfortunately, the field connecting diet to cancer
has been difficult to study experimentally in humans. The main challenge is the difficulty to
perfectly control or restrict an individual’s diet or life style, which can confound the dietary
factors in question. Furthermore, it is difficult to dissect the molecular mechanisms of complex
relationship between diet and pathogenesis of cancer in human subjects.

The goal of our laboratory is to identify dietary factors that can affect tumorigenesis and
understand the molecular basis for the relationship between diet and colorectal cancer using
preclinical model systems. In this regard, we will use genetically engineered mouse models of
intestinal cancer, ex vivo intestinal organoid co-culture systems, and patient or mouse-derived
organoid transplantation models. Furthermore, we have the integrative and systematic -omics’
approaches using state-of-the-art techniques such as metabolomics and next-generation se-
quencing to untangle the complex but important relationship between dietary factors,
genetics, and cancer pathogenesis. Ultimately, our laboratory seeks to develop and discover
novel strategies to prevent and treat colorectal cancer as well as other types of cancer by
understanding the role of diet in cancer, which we believe can have a positive impact on so-
ciety directly and immediately.

E-mail: Jihye.Yun@bcm.edu
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RESEARCH INTERESTS

The long-term goal of my research is to develop computational and statistical methods and
tools that help translate cancer omics data into better diagnosis, prognosis, and treatment of
human cancer. Current work in my laboratory focuses on the integrative analysis of cancer
proteomics and genomics data, a new research field named cancer proteogenomics. Proteins
are the functional units in the cell and primary drug targets, however, we know very little about
cancer proteomes. Through participating in the National Cancer Institute’s Clinical Proteomic
Tumor Analysis Consortium (CPTAC), my lab has developed several novel methods and tools
for the integrative analysis of cancer genomic and proteomic data (Wang et al., 2012; Shi et
al., 2013; Wang et al., 2017; Vasaikar et al., 2018; Wen et al., 2019). We led two CPTAC colon
cancer studies (Zhang et al., 2014; Vasaikar et al., 2019), demonstrating the power of prote-
ogenomics in revealing new cancer drivers and vulnerabilities inaccessible from genomic
assessment alone. Our methods have also been used in the CPTAC breast and ovarian cancer
studies (Mertins et al., 2016; Zhang et al., 2016).

Success of these studies have led to the expansion of the CPTAC program to more cancer
types. | am now leading a CPTAC data analysis center at BCM, with firsthand access to all
genomics and proteomics data generated on these new cancer types. We also have close col-
laboration with cancer biologists and clinicians to experimentally validate our computational
predictions in cell lines, patient-derived xenografts (PDXs), and clinical trials.

With access to these data and collaborations, my group is working on three key challenges.
First, can we use these data to better predict cancer patient survival and treatment response?
Second, can we use these data to find more effective treatment strategies? Third, can we make
these data easily accessible and useful to cancer researchers without programming skills?

E-mail: bing.zhang@bcm.edu
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RESEARCH INTERESTS

The overarching theme of our laboratory is to understand the genomic and epigenomic
regulation of the cardiovascular system in health and in disease with an emphasis on heart
failure and cardiomyopathies.

One of our research focuses is circadian gene regulation in cardiac remodeling. Our work
covers the entire circadian regulatory landscape, from the core clock, to the slave clock, to the
effectors. We discovered that core clock factor REV-ERB is protective for cardiac pathologi-
cal remodeling and pharmacological activation of REV-ERB prevents heart failure progression
even in late-stages. This was the first example of treating heart failure by manipulating circadian
machineries. We also established the very first cardiac slave clock, KLF15, which controls the
circadian ischemia reperfusion injury in the heart. Recently, we discovered the first circadian
IncRNA, Circa. Circa is uniquely expressed in the adult cardiomyocytes and protects the heart
during pressure overload and myocardial infarction through global regulation of alternative
splicing via interaction with hnRNP A1. Our goal is to gain knowledge on circadian gene regu-
lation in the heart and ultimately hope to use this information to design novel therapeutics for
heart failure.

Another focus of our laboratory is to study patient-derived induced pluripotent stem cell
differentiated cardiomyocytes from patients with inherited cardiomyopathies. Using a compre-
hensive panel of phenotyping tools (biophysics, electrophysiology, energetics, and imaging)
combined with genome editing tools, we aim to establish a platform to diagnose the molecu-
lar defects, characterize the pathogenic pathways and develop targeted therapy for inherited
cardiomyopathies.

E-mail: Lilei.Zhang@bcm.edu
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RESEARCH INTERESTS

Alzheimer's disease (AD) is the most common form of neurodegenerative disorder char-
acterized by the deposition of beta-amyloid plaques and the accumulation of neurofibrillary
tangles (NFT). Besides the pathological hallmarks, AD is accompanied by profound neuroin-
flammation marked by reactive astrogliosis and microgliosis. The overarching goals of the
laboratory are to understand the fundamental mechanisms underlying AD pathogenesis and
identify key pathways for therapeutic targeting. There are two major ongoing projects in the
lab: one is to investigate the role of the autophagy-lysosomal pathway (ALP) in NFT pathology;
the other is to interrogate the neuron-immune interaction in AD.

NFTs are composed of misfolded tau proteins. The ALP has been implicated in the degra-
dation of protein aggregates. We found that TFEB, a master regulator of autophagy and
lysosomal biogenesis, exhibits a potent and selective effect in clearing the pathological tau
species and rescuing neurodegeneration in mouse models of tauopathy and our results impli-
cate both cell-autonomous and non-cell-autonomous effects of TFEB in this process. Building
on these observations, we are interested to a) probe the intraneuronal mechanisms underlying
TFEB-mediated NFT clearance; b) decipher the role of astroglial and microglial TFEB in the
cell-to-cell spreading of tau/NFT pathology; c) screen for small molecule TFEB and selective
autophagy activators as potential therapy for AD.

Neuroinflammation has long been considered a non-specific and secondary effect in neu-
rodegenerative diseases. However, recent genetic evidence supports a causal role of
neuroinflammation in AD pathogenesis. We mapped out a complement-mediated neuron-glia
and glia-glia signaling pathway whereby astroglial complement factor C3 interacts with both
neuronal and microglial C3aR to modulate spine morphology and phagocytosis and neuroin-
flammation, respectively. Significantly, the C3-C3aR pathway is prominently elevated in both
AD mouse models and human AD brains and our results show that inactivation of C3aR at-
tenuates AD pathology. We have developed tools to isolate different cell types in the brain and
we seek to dissect the neuron-immune interaction by a) creating cell-type specific mouse
mutants and b) performing cell-type specific molecular and functional analyses. Specific to the
astrocytes, we are interested in cataloging the astrocyte subpopulations and determining the
role of the diverse astrocyte populations in aging and AD.

E-mail: huiz@bcm.edu

Website: www.bcm.edu/research/labs/hui-zheng/
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RESEARCH INTERESTS

My laboratory’s research is rooted in my early clinical encounters with patients suffering
rare and enigmatic disorders. One memorable patient suffered Rett Syndrome; another was
part of a family that suffered a neurodegenerative disease that struck each successive genera-
tion at younger ages. (We co-discovered the gene for spinocerebellar ataxia type 1 (SCA1) in
1993 with Dr. Harry Orr at the University of Minnesota.) Our investigations into the pathogen-
esis of these two diseases have influenced our understanding of basic neurobiology.
Conversely, our foray into fundamental neurodevelopmental processes governed by Atonal
homolog 1 has had unexpected ramifications for our understanding of (and potential thera-
pies for) several diseases, from deafness to medulloblastoma.

Polyglutamine Pathogenesis and Neurodegeneration. Our genetic studies in mice and, in
collaboration with Juan Botas, in fruit flies led us to propose that the polyglutamine tract sta-
bilizes Ataxin-1 increasing its levels and interactions and causing toxicity due to its enhanced
function. Consistent with this we discovered that a 30-50% increase in wild-type Ataxin-1 (due
to haploinsufficiency of its negative regulator, Pum1) causes cerebellar degeneration and
ataxia in mice; moreover, we found that haploinsufficiency of PUMT causes childhood ataxia
and developmental disabilities in humans. We recently discovered that the enhanced function
of mutant Ataxin-1 with its native partner Capicua drives the cerebellar ataxia. Thus, to reduce
the toxicity of Ataxin-1 and develop therapeutics for SCAT we have embarked on cross-spe-
cies genetic screens to identified potentially druggable modulators of Ataxin-1 levels. We have
also adapted a similar strategy to find modulators of other disease driving proteins like alpha-
synuclein and tau and identified modulators of the levels of these proteins.

Atoh1 (aka Math1) and Neurodevelopment. We identified the mouse homolog of the
Drosophila gene atonal, which controls the development and function of the fly's chordotonal
organs. Atoh1 null mice lack cerebellar granule neurons, pontine neurons, hair cells in the
vestibular and auditory systems, the D1 interneurons of the spinocerebellar tracts, and Merkel
cells. This single gene controls the genesis and/or differentiation of multiple components of
the conscious and unconscious proprioceptive pathway and the neurons critical for interocep-
tion, neonatal breathing and chemosensitivity. We identified Atoh1's transcriptional targets
and revealed its critical role in regulating proliferation and differentiation of granule neuron
precursors and how this regulation might go awry in sonic hedgehog-induced medulloblas-
toma. We are currently focused on identifying the specific roles of certain Atoh1-dependent
neurons in the hindbrain.

Rett Syndrome. We discovered that Rett syndrome is caused by mutations in the X-linked
methyl-CpG-binding protein 2 (MECP2). Our mouse model studies led to the definition of
clinical phenotypes not previously appreciated in MeCP2 disorders and revealed that neurons
are quite sensitive to having just slightly too much or too little MeCP2. In collaboration with
Jianrong Tang (BCM), we found that forniceal deep brain stimulation restored hippocampal
learning and plasticity. Using a MECP2 duplication mouse model, we found that normalizing
MeCP2 levels using antisense oligonucleotides reverse the symptoms including late onset
seizures in adult mature animals. We are now pursuing additional network studies to gain in-
sight into the network dysfunction in Rett syndrome model and how we might manipulate that
to improve function. We are also carrying out genetic screens to gain better insight into
MeCP2 regulation and molecular functions, and potentially identify modifiers that might im-
pact the pathogenesis of Rett syndrome and MECP2 duplication syndrome.

E-mail: hzoghbi@bcm.edu
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RESEARCH INTERESTS

The research of our laboratory lies in the interface between novel single cell technologies
and quantitative biology. We pursue the development of new quantitative and high-through-
put methods for characterizing genomic, epigenetic and transcriptional variations at single
cell resolution.

With the rapid development of next-generation sequencing technology, high-throughput
sequencing has become a powerful tool for biological research. In our lab, we are interested
in examining the genome at single cell resolution, in contrast to the genome averaged from an
ensemble of cells. As the demonstration of the principle, we are able to detect the genomic
variations between individual cancer cells. We are interested in detecting early events that
drive tumorigenesis as well as the early stage of tumor heterogeneity that will influence later
tumor development. The lab will focus on pancreatic cancer in particular.

In addition to the genome, we are also interested in developing novel methods for single
cell transcriptional and epigenetic profiling. The goal is to capture the development in action,
particularly adult stem cell differentiation. Much finer temporal and spatial resolution will allow
us to unveil the early signature transcriptome and epigenome changes, which are often buried
among downstream responses by late stage and ensemble profiling. The modeling of complex
cellular decision-making processes at multiple layers of pathways and regulatory networks will
also be pursued in the lab with the enriched heterogeneous and dynamic information ex-
tracted from single cells.

For translational research, we will actively pursue clinical applications of single cell tech-
niques, including prenatal genetic testing as well as early cancer diagnosis.

E-mail: Chenghang.Zong@bcm.edu
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RESEARCH INTERESTS

Dr. Aagaard's highly collaborative laboratory and clinical research teams are dedicated to
discovering the genomic, epigenomic, and metagenomic mechanisms underlying perinatal
health and disease. Our interest and publications in this arena date back to 2004 and have
evolved into clinical and translational research in murine, nonhuman primate, and human stud-
ies. There are currently three major focuses in our laboratory: (1) the effect of in utero
exposures on the fetal epigenome, (2) understanding the genomic and epigenomic mecha-
nisms involved in perinatal disorders and notably the developmental origins of adult metabolic
disease, and (3) understanding the role of the microbiome in perinatal health with metage-
nomic interrogations. Since receipt of her first K12 in 2005 as a fellow, Dr. Aagaard has been
continuously funded by NIH (NICHD, NIDDK, NIGMS and the Office of the Director),
Burroughs Welcome Fund Preterm Birth Initiative, and most recently the Gates Foundation/
USAIDS. Each of these employs integrative translational research with an emphasis on bioin-
formatics for imputation of complex metadata fields. Her research group aims to focus on
mentoring translational research, notably with “big team science” and highly collaborative
multi-site and center research.

E-mail: aagaardt@bcm.edu
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RESEARCH INTERESTS

This lab focuses on developing and applying methods for identifying genetic influences on
complex diseases, particularly targeting cancer etiology and autoimmune diseases. A major
project is an international study of lung cancer susceptibility and early detection. Major out-
puts from this study include the identification of variants in a CHRNAS5 that influence smoking
behavior and lung cancer risk and an uncommon nonsense variant of BRCA2 that greatly in-
creases risk for lung cancer and other smoking-related cancers but not breast cancer. We are
using CRISPR/Cas9 techniques to study the impact of this variant in cellular models of lung
cancer.

A second major project is collecting samples from patients with early stage lung cancer
and performing comprehensive profiling (RNA and DNA sequencing, copy number analysis
and integrative pathway based approaches) to identify predictors of relapse. We also study
selected rare autoimmune diseases for which genetic and environmental factors interact to
increase disease risk greatly. We also develop and apply novel strategies of machine learning
that can identify interactions among multiple genetic and environmental causes for disease.

E-mail: chrisa@bcm.edu
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RESEARCH INTERESTS

Dr. Ballantyne's research interests include pathophysiology of atherosclerosis, focusing on
monocyte activation and adhesion. Dr. Ballantyne and his colleagues use targeted homolo-
gous recombination to develop mice deficient in particular cell adhesion molecules to study
myocardial ischemia-reperfusion injury, vascular injury, and mechanisms by which hyperlipid-
emia and obesity influence inflammation.

Dr. Ballantyne's clinical research interests include preventive cardiology, lipids, metabolic
syndrome, atherosclerosis, genetics, and coronary artery disease. As director of the core labo-
ratory for the ARIC study, Dr. Ballantyne examines the role of genetic variation combined with
novel biomarkers to identify individuals at high risk for cardiovascular disease, metabolic syn-
drome, and diabetes, using genomics and proteomics. His group also studies how genetic
variation modifies response to therapy with the goal of developing personalized diet, lifestyle,
and pharmacotherapy based on genetic profile and clinical phenotype.

E-mail: cmb@bcm.edu
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RESEARCH INTERESTS

Dr. Alison Bertuch’s research is aimed at understanding the mechanisms of telomere
structure and function and DNA double-strand break repair and their intersection. Her re-
search uses yeast as a model system for the rapid identification and investigation of the genes
that govern telomere homeostasis as well as human cell lines. In addition, Dr. Alison Bertuch’s
laboratory studies the role of telomere and DNA repair dysfunction in the development of
bone marrow failure in children. A long-term goal is to exploit the knowledge gained from
these studies to aid in the treatment of not only bone marrow failure but also cancer.

E-mail: abertuch@bcm.edu
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RESEARCH INTERESTS

Dr. Brenner's primary research interest is the use of gene transfer to augment the immune
response to human tumors, using vaccines and adoptive transfer of genetically modified T
cells. In neuroblastoma, Dr. Brenner and co-investigators have shown that T cells expressing a
chimeric antigen receptor (CAR) for a surface marker (GD2) on neuroblastoma cells can
produce tumor responses in more than half the patients with refractory or relapsed disease.
The Center for Cell & Gene Therapy is also studying the benefits of T cells, including those
modified with CARs, that target other tumor antigens on hematological malignancies and solid
tumors and initial clinical results are promising. Efforts are being made to further increase the
effectiveness of these T cells by incorporating genes that enhance T cell growth and survival
and that render the T cells resistant to the inhibitory effects of many human tumors. To en-
hance the safety of genetically modified T cells, Dr. Brenner and colleagues have clinically
developed an inducible caspase system that will rapidly cause apoptosis of T cells within
minutes of administration of a small molecule dimerizing drug, allowing adverse effects from
the T cells to be reversed.

E-mail: mbrenner@bcm.edu

EpwarD C. CooPEr, MD, PHD

Associate Professor, Departments of Neurology, Neuroscience, and Molecular
and Human Genetics

Faculty Member, Postdoctoral Training Program in Brain Disorders and
Development; Graduate Programs in Genetics & Genomics and Neuroscience

MD, Yale School of Medicine, Yale University, New Haven

PhD, Yale School of Medicine, Yale University, New Haven

Residency, Neurology, University of California, San Francisco

Postdoc and Adjunct Asst. Professor of Neurology and Physiology, University of California, San
Francisco

RESEARCH INTERESTS

The Cooper Lab is focused on understanding and developing new treatments for forms of
epilepsy affecting infants, children, and adults, mood disorder that often accompanies epi-
lepsy, and related brain disease. These are complex developmental disorders that impact the
whole person and the brain as a system. To gain leverage on such tough problems, we have
taken clues from human and experimental genetics implicating a molecular pathway—the
machinery of the action potential, the neuron’s rapid long-distance signal. Of central impor-
tance, both as genes often mutated in disease and therapeutic targets, are the voltage-gated
potassium and sodium ion channels that generate and conduct the action potential’s electrical
currents. However, channels do not function alone. Therefore, we also study the protein net-
works and signal paths that position, regulate, and respond to these channels.

E-mail: eccl@bcm.edu
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Mauro Costa-MATTIOLI, PHD

CULLEN FounDATION ENDOWED CHAIR

Associate Professor, Departments of Neuroscience, Molecular and Human
Genetics and Molecular and Cellular Biology
Faculty Member, Graduate Programs in Genetics & Genomics and Neuroscience

PhD, University of Nantes
Postdoc, McGill University

RESEARCH INTERESTS

Memory is essential for the survival of all organisms: for humans, it forms the core of our
identity. My laboratory’s primary aim is to understand the neurobiological basis of long-term
memory formation. We seek to understand what happens in the brain when a memory is
formed and more specifically how a labile short-term memory becomes a stable long-term
memory. Disorders of learning and memory can strike the brain of individuals during develop-
ment (e.g., Autism Spectrum Disorder or Down syndrome), as well as during adulthood (e.g.,
Alzheimer’s disease). We are also interested in understanding the specific circuits and/or
molecular pathways that are primarily targeted in cognitive disorders and how they can be
restored. To tackle these questions, we use a multidisciplinary, convergent and cross-species
approach that combines mouse and fly genetics, molecular biology, electrophysiology, imag-
ing, stem cell biology, optogenetics and behavioral techniques.

E-mail: costamat@bcm.edu

MARY E. DIcKINSON, PHD

KYLE AND JOSEPHINE MORROW ENDOWED CHAIR IN MOLECULAR PHYSIOLOGY AND
BiopPHYsICS

Dean of Research, Baylor College of Medicine

Professor, Departments of Molecular and Human Genetics and Molecular
Physiology and Biophysics

Faculty Member, Graduate Program in Genetics & Genomics

BS, Vanderbilt University
PhD, Columbia University
Postdoc, California Institute of Technology

RESEARCH INTERESTS

My laboratory uses a multidisciplinary approach combining mouse genetics, developmen-
tal biology, imaging and bioengineering to understand mechanisms underlying angiogenesis
and cardiovascular birth defects. Our work focuses on determining how mechanical forces
influence the genetic programs that guide mammalian development.

E-mail: mdickins@bcm.edu
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RiICHARD H. FINNELL, PHD

Professor, Departments of Molecular and Cellular Biology, Medicine, and
Molecular and Human Genetics

Faculty Member, Center for Precision Environmental Health; Graduate Programs
in Genetics & Genomics and Development, Disease Models & Therapeutics

PhD, University of Oregon Medical School
Postdoctoral fellow, Anatomisches Institut, Universitat Ziirich, Switzerland

RESEARCH INTERESTS

Dr. Finnell is a pediatric geneticist who has been involved in investigating genetic suscep-
tibility to environmentally induced birth defects, applying stem cell technology to the
detection of potential teratogenic compounds in efforts to prevent these birth defects, utiliz-
ing genome editing technologies to create novel model systems to better understand the
pathogenesis of the defects, and applying highly innovative approaches to treating these dis-
abilities. The laboratory focuses on micronutrient transport during embryogenesis, and the
interaction between gene variants and one carbon metabolism as it relates to the develop-
ment of birth defects. His research involves global collaborative NGS studies of complex birth
defects and using precision medicine approaches to managing high-risk pregnancies.

E-mail: finnell@bcm.edu

MARGARET A. GOODELL, PHD

VIVIAN L. SMITH CHAIR IN REGENERATIVE MEDICINE

Chair and Professor, Department of Molecular and Cellular Biology

Professor, Center for Cell and Gene Therapy and Departments of Pediatrics,
Molecular and Human Genetics and Pathology & Immunology

Faculty Member, Stem Cells and Regenerative Medicine (STaR) Center; Graduate
Programs in Cancer & Cell Biology; Development, Disease Models & Therapeutics;
and Genetics & Genomics

PhD, Cambridge University
Postdoc, Whitehead Institute, Massachusetts Institute of Technology
Postdoc, Harvard Medical School

RESEARCH INTERESTS

Murine and human hematopoietic stem cells; genetic and epigenetic regulation and devel-
opment.

We are interested in the basic biology of hematopoietic stem cells and how their regula-
tion goes awry leading to leukemia development. It has been known for decades that
hematopoietic stem cells reside in the bone marrow in a quiescent state and replenish the
supply of differentiated cells of the peripheral blood throughout the lifetime of an animal. No
other adult cell type retains the capacity for such immense proliferation and differentiation.
However, little is known about the cells or factors that regulate their primitive state or control
their activation. We study the behavior of these stem cells in vivo and in vitro using mouse
stem cells as a model, as well as pursue the mechanisms which control their behavior on a
molecular level using genome-wide profiling strategies and mouse mutants. Many of the
genes that control normal stem cell behavior appear to become dysregulated in leukemia and
lymphoma.

E-mail: goodell@bcm.edu
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KeNDAL D. HirscHI, PHD

Professor, Departments of Pediatrics and Molecular and Human Genetics
Faculty Member, USDA/ARS Children’s Nutrition Research Center; Graduate
Programs in Cancer & Cell Biology and Genetics & Genomics

Associate Director of Research, Vegetables and Fruit Improvement Center, Texas
A&M University

PhD, University of Arizona
Postdoc, Whitehead Institute

RESEARCH INTERESTS

We study both model systems biology in plants as well as translational research related to
agricultural improvement. At the molecular level, our goals are to understand the structure,
biological function, and regulation of plant genes that control stress responses. Many of our
molecular approaches use the standard genetic “tool kit”".

Another major goal in our group is to learn how to manipulate the expression and function
of genetic information to increase the nutritional content of crop plants, improve plant pro-
ductivity, and cleanse polluted soils. For this second objective, we collaborate with clinical
researchers at the Children's Nutrition Research here at Baylor and faculty at the Vegetable
and Fruit Improvement Center at Texas A&M. Obtaining help from nutritional scientists, we
perform clinical trials addressing how changes in plant architecture alter nutrient bioavailabil-

ity.
E-mail: kendalh@bcm.edu

MARTIN M. MATZUK, MD, PHD

STUART A. WALLACE CHAIR IN PATHOLOGY

Professor, Departments of Pathology & Immunology, Molecular & Cellular Biology,
Molecular and Human Genetics, and Pharmacology

Faculty Member, Graduate Programs in Cancer & Cell Biology; Chemical, Physical
& Structural Biology; and Genetics & Genomics

Director, Center for Drug Discovery

MD, PhD, Washington University School of Medicine
Postdoc, Baylor College of Medicine

RESEARCH INTERESTS

Our laboratory is focused on 1) using functional genomics to investigate essential fertility
pathways, reproductive tract cancers, and TGF-beta family signaling in mammals and 2) apply-
ing chemical biology approaches to develop lead compounds for contraception, cancer, and
debilitating diseases. We have taken a discovery-based approach to first uncover genes ex-
pressed exclusively in the male or female germline and subsequently to define their roles in
vivo using CRISPR/Cas9 technology and transgenic mouse models. In the process, we have
identified novel genes involved in oocyte-somatic cell interactions during ovarian folliculogen-
esis, germ-cell intercellular bridge formation, acrosome formation, the piRNA pathway, etc. If
a knockout results specifically in male infertility, this gene product may be a promising drug
target for contraception in men, and our lab has begun to characterize small-molecule contra-
ceptives to target male germ cells. We have successfully created unique mouse models to
study ovarian cancer and to decipher the crosstalk of TGF-beta family, hormonal, and small
RNA signaling pathways in normal and diseased reproductive tissues and their roles during
pregnancy.

E-mail: mmatzuk@bcm.edu
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DAviD D. MooRE, PHD
THE R. P. DOHERTY, JR. WELCH CHAIR IN SCIENCE

Professor, Departments of Molecular & Cellular Biology and Molecular and Human
Genetics

Faculty Member, USDA/ARS Children’s Nutrition Research Center; Graduate
Program in Genetics & Genomics

PhD, University of Wisconsin-Madison
Postdoc, University of California, San Francisco

RESEARCH INTERESTS
Nuclear Hormone Receptors Regulate Metabolism and Cancer

The 48 nuclear hormone receptors function as ligand-dependent or, in some cases, ligand-
independent transcription factors. The major goal of this laboratory is to understand the
impact of these receptors on metabolic and oncogenic pathways in the liver.

One major focus is on CAR, which regulates the response of the liver to xenobiotics, po-
tentially toxic foreign compounds. CAR activation increases the liver’s ability to metabolize
and eliminate xenobiotics. CAR-dependent responses are generally protective, but chronic
CAR activation results in liver tumors due to direct effects of CAR on hepatocyte proliferation
and apoptosis. We are pursuing both the mechanism of this tumor promotion and therapeutic
approaches that block it.

The fasted liver oxidizes fatty acids and makes glucose, while the fed liver utilizes glucose
and makes fatty acids. PPARa activation in the fasted liver promotes fatty acid oxidation, and
FXR activation in the fed liver represses both pathways. We recently found that PPARa and
FXR also have mutually antagonistic impact on autophagy. We are extending this to assess the
broader roles of these two nutrient sensitive nuclear receptors in liver energy balance.

E-mail: moore@bcm.edu

ANTHONY MusTOE, PHD

Assistant Professor, Departments of Biochemistry and Molecular Biology and
Molecular and Human Genetics

Faculty Member, Therapeutic Innovation Center (THINC)

CPRIT Scholar in Cancer Research

BS, Washington University
PhD, University of Michigan
Postdoc, University of North Carolina

RESEARCH INTERESTS

The overarching goal of my laboratory is to define the mechanisms underpinning RNA
folding and function. We seek to develop an improved, quantitative understanding of biology
and human disease and to translate this knowledge into new therapeutic strategies. Our prin-
cipal expertise is in developing and applying chemical probing techniques to define RNA
structure and dynamics in living cells. We have used our technologies to discover novel func-
tional structures in both non-coding RNAs and messenger RNAs (mRNAs), and to reveal
transcriptome-wide roles for mRNA structure in tuning translation efficiency. We are presently
applying our techniques to develop a quantitative understanding of how the structures of
mRNA untranslated regions modulate targeting by microRNAs and RNA binding proteins. We
are further interested in how mRNA misfolding can lead to dysregulation and disease, particu-
larly cancer. We additionally have ongoing collaborations with a number of groups
investigating the structure and function of diverse biomedically important RNAs.

E-mail: Anthony.Mustoe@bcm.edu
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JEFFREY L. NOEBELS, MD, PHD

THE CULLEN TRUST FOR HEALTH CARE ENDOWED CHAIR IN NEUROGENETICS

Professor, Departments of Neurology, Neuroscience, and Molecular and Human
Genetics

Faculty Member, Graduate Programs in Neuroscience and Development, Disease
Models & Therapeutics

Director, Blue Bird Circle Developmental Neurogenetics Laboratory

PhD, Stanford University
MD, Yale University
Postdoc, Harvard Medical School

RESEARCH INTERESTS

The principal research strategy in the Developmental Neurogenetics Laboratory is to
apply mutational analysis to learn how genes regulate neuronal excitability and network syn-
chronization within the developing central nervous system. We have linked over 40 genes
with various patterns of epilepsy, and discovered monogenic hyperexcitability and synchroni-
zation defects in Alzheimer’s Disease, heralding a paradigm change in understanding the
basis for cognitive decline. Two other current projects center on genes linking epilepsy with
lethal cardiac arrhythmias, and peritumoral epilepsy in glioblastoma. We trace the biology of
the mutant circuitry using molecular anatomical, patch clamp, optogenetic and 2 photon im-
aging. These experimental studies form the basis for development of preclinical strategies to
selectively correct the expression of neuronal gene errors early in development. In collabora-
tion with the Baylor Human Genome Sequencing Center, we performed a large-scale
translational genomic research study of ion channel genes in epilepsy (The Human
Channelopathy Project). We also lead a multisite NIH Center without Walls focusing on risk
prediction of variants in ion channel genes linked to neurocardiac phenotypes.

E-mail: jnoebels@bcm.edu

PAuL A. OVERBEEK, PHD

Professor, Departments of Molecular & Cellular Biology, Molecular and Human
Genetics, and Neuroscience
Faculty Member, Graduate Programs in Cancer & Cell Biology

PhD, University of Michigan
MBA, University of Chicago
Postdoc, National Institute of Child Health and Human Development, NIH

RESEARCH INTERESTS

My laboratory studies the molecular pathways of cell fate determination. Two different
strategies are used. Both strategies make use of transgenic mice. In the first strategy, differen-
tiation decisions are studied and altered in a model organ, the eye. In the second system,
random insertional mutations are used to identify novel genes that are required for normal
embryogenesis.

For our studies of ocular development, we use cell-specific promoters to alter the patterns
of expression of growth factors, growth factor receptors, signal transduction proteins, tran-
scription factors, and cell cycle regulatory proteins during ocular development. Recently, we
have analyzed the epigenetic regulation of lens induction. We are currently using the CRISPR/
Cas9 system to alter the cis-acting sequences that regulate expression of Pax6 and BMP-4, two
genes that are essential for lens induction.

We also generate and characterize mice with novel developmental mutations. We have
generated and analyzed mutations that affect left-right asymmetry, sex determination, hair fol-
licle induction, CNS morphogenesis, craniofacial development, skin maturation, growth,
fertility, and social behavior.

E-mail: overbeek@bcm.edu
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DoNALD W. (WILL) PARSONS, MD, PHD

Associate Professor, Departments of Pediatrics - Hematology-Oncology and
Molecular and Human Genetics; Pathology & Immunology; Human Genome
Sequencing Center

Faculty Member, Graduate Program in Genetics & Genomics

PhD, Department of Pathology, Ohio State University College of Medicine

MD, Ohio State University College of Medicine

Resident, Pediatrics, Johns Hopkins University

Clinical Fellow, Pediatric Hematology-Oncology, Johns Hopkins University & National Cancer
Institute

Clinical Fellow, Neuro-Oncology, Johns Hopkins University

RESEARCH INTERESTS

Dr. Parsons' research program focuses on the clinical application of genomic technologies
in pediatric cancer care. His work has been instrumental in the characterization of the genetic
landscapes of a variety of pediatric and adult cancers, including the first identification of IDH1
and IDH2 as cancer genes. His group is currently engaged in a number of projects seeking to
genomically characterize pediatric cancers in order to identify potential molecular targets for
therapy and facilitate the pre-clinical testing of novel therapeutics. Dr. Parsons was one of the
principal investigators of the BASIC3 study, an NHGRI and NCl-funded UO1 Clinical
Sequencing Exploratory Research (CSER) program project involving clinical exome sequenc-
ing of tumor and blood specimens from children with newly-diagnosed solid tumors, and is
now helping to lead the KidsCanSeq study (which includes multimodal clinical genomic
analysis of patients from multiple Texas institutions) as part of that same consortium. He is also
the Children’s Oncology Group (COG) study chair for the NCI-COG Pediatric MATCH trial,
the first nationwide precision oncology clinical trial for children with relapsed and refractory
cancers.

E-mail: dwparson@bcm.edu

SHARON E. PLoN, MD, PHD

Professor, Departments of Pediatrics and Molecular and Human Genetics and
Human Genome Sequencing Center

Faculty Member, Graduate Programs in Cancer & Cell Biology and Genetics &
Genomics

Director, MD/PhD Medical Scientist Training Program

Director, Cancer Genetics Clinical and Research Programs, Texas Children's
Hospital

MD, PhD, Harvard University

Resident, Internal Medicine, University of Washington

Postdoc, National Cancer Institute, National Institutes of Health

Fellow, Medical Cenetics, Fred Hutchinson Cancer Research Center, Univ. of Washington

RESEARCH INTERESTS

The overall goal of my laboratory is to understand the underlying genomic mechanisms
that result in tumor development and the genetic predisposition to cancer. We have carried
out whole genome and exome sequencing analyses through a collaboration with the Human
Genome Sequencing Center on families with radiation sensitivity and/or unusual patterns of
childhood cancer. We recently identified a new recessive disorder due to mutations in the
NSMCE3 gene that impacts chromosome segregation. With regard to clinical research, we are
completing a clinical trial investigating the impact of adding whole exome sequencing of
tumor and blood into the care of newly diagnosed childhood cancer patients. | am also one
of the principal investigators of the Clinical Genome Resource (ClinGen) which is developing
databases and websites to improve the clinical interpretation of genetic variation.

E-mail: splon@bcm.edu
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Associate Professor, Departments of Medicine-Gastroenterology and Hepatology
and Molecular and Human Genetics

Faculty Member, Graduate Programs in Cancer & Cell Biology and Development,
Disease Models & Therapeutics

Adjunct Associate Professor, Department of Pediatrics-Gastroenterology,
Hepatology & Nutrition, Cincinnati Children's Hospital

PhD, Cell and Molecular Biology, Baylor College of Medicine
Postdoc, Molecular and Human Genetics, Baylor College of Medicine

RESEARCH INTERESTS

My laboratory is focused on understanding the mechanisms that control intestinal devel-
opment and homeostasis, and translating this knowledge into novel therapeutic approaches
to treat diseases of the intestine such as IBD and colorectal cancer. My laboratory has eluci-
dated roles for epithelial transcription factors such as Atoh1 (Math1), Gfil, and Spdef in
development and differentiation of the intestine. Moreover, my laboratory has translated
these findings to human diseases, by showing that Atoh1 and its target Spdef are tumor sup-
pressors that are frequently silenced in colon cancers, and that these genes are essential
targets of Notch inhibitory drugs. In addition to these mechanistic studies, we have recently
developed novel organ culture methods to direct differentiation of human pluripotent stem
cells into intestinal tissue to study intestinal development and disease, and we have used intes-
tinal stem cell-derived organoids in quantitative assays to evaluate intestinal stem cell activity.

E-mail: noah.shroyer@bcm.edu

IGNATIA B. VAN DEN VEYVER, MD

Professor, Departments of Obstetrics & Gynecology and Molecular and Human
Genetics

Director of Clinical Prenatal Genetics, Department of Molecular and Human
Genetics

Faculty Member, Graduate Programs in Development, Disease Models &
Therapeutics and Genetics & Genomics

MD, University of Antwerp

Resident, Obstetrics and Gynecology, Univ. of Antwerp Affiliated Hospitals, Belgium
Fellow, Maternal-Fetal Medicine, Baylor College of Medlicine

Fellow, Genetics, Baylor College of Medicine

RESEARCH INTERESTS

My lab studies in mice and embryonic stem cell models how maternal effect mutations in
genes that code for proteins of a complex that is essential for oocytes and embryos, cause
multilocus imprinting defects that lead to recurrent pregnancy failure, early embryo arrest and
birth defects in offspring. We also conduct research on the cause of Aicardi syndrome, an
elusive X-linked disorder, that affects primarily girls who have eye and brain abnormalities,
severe seizures and intellectual disability. We collect clinical data on girls paired with genome-
wide sequencing to find the mutation that causes AIC. For my clinical translational research,
I investigate benefits and challenges of introducing new genomic technologies, such as arrays,
non-invasive screening, and genome-wide sequencing into prenatal diagnosis and care.

E-mail: iveyver@bcm.edu
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JAMES VERsALovic, MD, PHD

MiLTON J. FINEGOLD PROFESSOR OF PATHOLOGY & IMMUNOLOGY

Vice Chair of Molecular Pathology and Omics, Department of Pathology &
Immunology

Professor, Departments of Pediatrics, Molecular and Human Genetics and
Molecular Virology & Microbiology

Co-Director, Medical Scientist Training Program, Baylor College of Medicine
Pathologist-in-Chief and Head of Pathology, Texas Children's Hospital
Director, Texas Children's Microbiome Center, Texas Children’s Hospital
Faculty Member, Graduate Program in Immunology & Microbiology

MD, PhD, Baylor College of Medicine

Postdoc, Digestive Diseases, Baylor College of Medicine

Resident, Clinical Pathology, Massachusetts General Hospital

Clinical Fellow, Pathology, Harvard Medical School

Postdoc, Comparative Medicine, Massachusetts Institute of Technology

RESEARCH INTERESTS

The Versalovic laboratory seeks to understand the nature of the mammalian gut microbi-
ome and how gut bacteria (and probiotics) impact mucosal immunity and intestinal
inflammation. Primary clinical interests are inflammatory bowel disease and colorectal cancer.
The body site of primary interest is the mammalian intestine (small and large) using mouse
models, mouse and human cell lines, and human specimens. Our group links the study of
bacterial genomes and metagenomes to the systems biology of the mammalian intestines.

We are actively exploring microbiome replacement and manipulation of the intestinal mi-
crobiome as models of fecal transplantation programs in humans. Our aim is to cure disease
by fundamentally changing the function or composition of the intestinal microbiome to pre-
vent or treat disease phenotypes such as IBD and cancer. We believe that this strategy
represents the microbial cell and gene therapy of the future.

E-mail: jamesv@bcm.edu
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MARGARET AND ALBERT ALKEK PRESIDENTIAL CHAIR IN ENVIRONMENTAL HEALTH

Director, Center for Precision Environmental Health

Professor, Departments of Molecular & Cellular Biology, Medicine, and Molecular
and Human Genetics

Faculty Member, Graduate Programs in Cancer & Cell Biology and Genetics &
Genomics

Director, NIH T32 Training Program in Precision Environmental Health

BA in Molecular, Cellular and Developmental Biology, University of Colorado-Boulder, 1977
PhD in Cell Biology, The University of Texas Southwestern Medical School, 1984

RESEARCH INTERESTS

Our laboratory explores molecular mechanisms of disease pathogenesis, primarily cancer
and metabolic diseases, including gene:environment interactions (GxE), and how the epig-
enome acts as a target, and determinant, of health and disease.

Environmental Determinants of Health and Disease. Our lab studies how early life
environmental exposures disrupt the epigenome to increase susceptibility to adult diseases
(Walker and Ho Nature Reviews Cancer 2012, Walker et. al. Nature Reviews in Endocrinol-
ogy 2018). This work offers the potential to develop epigenetic biomarkers of early life
exposure and/or future risk of disease, as well as new targets for intervention and disease
prevention.

A New Function for the Epigenetic Machinery. We have also recently discovered that
the epigenetic machinery that regulates chromatin also plays a key role remodeling the cyto-
skeleton (Park et al Cell 2016). We are currently studying the role, and potential importance,
of this new biology for the neuronal cytoskeleton, and exploring how defects in dual-function
chromatin-cytoskeleton remodelers contribute to autism spectrum disorder and other neuro-
logical diseases such as Huntington’s Disease.

E-mail: cheryl.walker@bcm.edu
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Professor, Departments of Pediatrics and Molecular and Human Genetics
Faculty Member, USDA/ARS Children’s Nutrition Research Center; Graduate
Program in Genetics & Genomics
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Postdoc, Duke University

RESEARCH INTERESTS

In the Waterland laboratory, we work to understand how nutrition and other environmen-
tal influences on developmental epigenetics affect risk of disease later in life. Epigenetic
mechanisms are established during development to regulate cell type-specific gene expres-
sion. Of these we focus on DNA methylation because it is the most stable, enabling lifelong
persistence. Following up on our earlier studies on early nutritional influences at the agouti
viable yellow locus (a mouse metastable epiallele) we are identifying human metastable epial-
leles and characterizing phenotypic consequences of individual epigenetic variation at these
loci.

Another focus is the role of epigenetic dysregulation in obesity. We use mouse models to
study how fetal and early postnatal exposures affect developmental epigenetics in the hypo-
thalamus to alter lifelong energy balance.

In collaboration with experts in nutrition, computational biology, developmental neuro-
anatomy, and epidemiology, we apply genome-wide epigenomic profiling (Bisulfite-seq,
RNA-seq, etc.) and sophisticated computational analysis. Our mouse work also employs
methods to study neuroanatomical and cell type-specific epigenetic alterations.

E-mail: waterland@bcm.edu

MINGSHAN XUE, PHD

Assistant Professor, Departments of Neuroscience and Molecular and Human
Genetics

Faculty Member, Graduate Programs in Development, Disease Models &
Therapeutics; Genetics & Genomics; and Neuroscience

Investigator, Jan and Dan Duncan Neurological Research Institute

PhD, Baylor College of Medicine
Postdoctoral fellow, University of California, San Diego

RESEARCH INTERESTS

The long-term research goal of my laboratory is to understand how different classes of
neurons in the mammalian cortical circuits interact with one another through the synapses
and how dysfunction or abnormal development of these circuits contributes to the pathogen-
eses of neurodevelopmental disorders. Human genetic studies of neurodevelopmental
disorders continue to uncover pathogenic mutations in genes encoding synaptic proteins.
However, the functional roles of these proteins in neural circuits and behaviors are poorly
understood because in-depth neurological and behavioral studies in animal models are often
lacking. Consequently, the pathological mechanisms underlying these synaptic disorders re-
main elusive and the therapeutic interventions are limited. We believe that this knowledge gap
can be significantly narrowed by studying a few prioritized genes that are highly penetrant and
affect a broad spectrum of neurological and neuropsychiatric features common among neu-
rodevelopmental disorders. Thus, our current research focuses on the mechanisms underlying
circuit dysfunctions in mouse models of autism and epileptic encephalopathies, and gene
therapies for these disorders.

E-mail: mxue@bcm.edu
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BAYLOR COLLEGE OF MEDICINE

ocated in Houston, Baylor

College of Medicine is the

only private medical school

in the Greater Southwest.
Since its founding in 1900, The College
has grown into a health science univer-
sity that is internationally recognized as
a premiere academic health science
center. The College is known for excel-
lence in education, research and pa-
tient care.

In 1903, the medical school began
an affiliation with Baylor University that
lasted until 1969, when Baylor College
of Medicine became an independent
institution. Originally located in Dallas,
the College moved to Houston in 1943
to become the educational corner
stone of the Texas Medical Center.

Baylor College of Medicine is co-owner of Baylor St.
Luke's Medical Center and has affiliations with seven ad-
ditional teaching hospitals, each known for medical excel-
lence. It also ranks consistently among the top U.S. medical
schools in funding for research and development. Baylor
College of Medicine received $426 million in total funding
from 2,409 sponsored project awards in fiscal year 2016.

building constructed in the Texas Medica

The reputation of the College's distinguished faculty at-
tract graduate, medical and health professions students
from across the United States and throughout the world.

Baylor College of Medicine's vision is to improve health
through science, scholarship and innovation and its mis-
sion is to create knowledge and apply science and discov-
eries to further education, healthcare and community ser-
vice locally and globally.




TEXAS MEDICAL CENTER

he Texas Medical Center is the largest medi-

cal complex in the world and comprises more

than 1,345 acres dedicated to biomedical re-

search and care. The total acreage combined
with $25 billion in gross domestic product makes the Tex-
as Medical Center the eighth largest business district in the
U.S. Among its components are three medical schools,
21 renowned hospitals, eight academic and research in-
stitutions, six nursing programs, three public health organi-
zations, two universities, two pharmacy schools, a dental
school, and 13 support organizations. In addition, Rice
University is within walking distance.

Although the member institutions
of the TMC operate under indepen-
dent direction, there is considerable
inter-institutional cooperation and
scientific collaboration. Frequent
seminars permit students and facul-
ty of the many institutions to benefit
from the broad base of local scien-
tific expertise.

The Texas Medical Centerishome
to the World's largest children's hos-
pital, Texas Children's Hospital, and
the World's largest cancer hospital,
the University of Texas MD Ander-
son Cancer Center. The TMC has
10 million visits per year and over
106,000 people are employed at its

member institutions. It has the highest concentration of life
sciences professionals in the country.

Adjacent to the Museum District, The Texas Medi-
cal Center is located in one of the most attractive areas
in Houston. The TMC adjoins the trees and ponds of
Hermann Park, with its zoo, golf course, fountains, hike-
and-bike trails, and children’s areas such as playgrounds,
ponds, and a miniature railroad. Both the nearby Univer-
sity of Houston and Rice University add to the youthful,
academic ambience of this section of the city. There are
many cafés, bookstores, music and theater groups, film se-
ries, and art exhibits.



HOUSTON

hen you think

about  Hous-

ton, do you

envision cow-
boys and tumbleweeds? Well,
forget those ideas. Contrary to
these preconceived notions,
Houston - the fourth most pop-
ulous city in the United States
- boasts modern industries, a
thriving intellectual and cultural
environment, lush vegetation,
and much more.

Houston is an international
city that is a leader in the arts,
education, healthcare, and has
a top-rated culinary scene that is
continuing to gain national atten-
tion. The same vision and entre-
preneurial spirit that made Houston the energy capital of
the world has given rise to global companies in a wide array
of industries.

Toss out any images of dusty plains, because Houston is
full of trees and boasts 20,000 acres of parks, public green
space, and open water. The city offers an abundance of
recreational activities, restaurants, shopping, cultural per-
formances, entertainment, and sporting events.

Take a quick look at what makes Houston such a great
place to live, get an education, and work:

The people: Houston is the fourth largest U.S. city. Thirty-
seven percent are 24 or younger, and 32 percent are be-
tween ages 25-44. Houston has a multicultural population
of more than 5.5 million and is considered to be the most
diverse large metropolitan area in the United States.

The low cost of living: This means affordable housing.
Plus, there are no state or local income taxes. How can it
get better?

The job market: Houston has an expanding economy in
diverse industries. Have you checked out careers at BCM?

The weather: In the winter, you may need a light jacket
but ice or snow won't keep you from enjoying the out-
doors. With an average temperature year-round of 68 de-
grees and average rainfall of 46 inches, you can enjoy the
outdoors as much as you'd like to.

pectacular buildings overlook parks,

The entertainment: Really, it's impossible to be bored
here. There are entertainment options for all ages, includ-
ing a permanent ballet, opera, symphony and theater com-
panies, dozens of top-notch museums, and so much more.
Don't forget that Houston is home to NASA's Johnson
Space Center, too.

The food: Houston has 11,000 restaurants (and count-
ing!), which serve every type of cuisine you could think of,
both brick-and-mortar establishments and food trucks. It’s
not just BBQ and Tex-Mex (though you're missing out if you
haven't tried these cuisines here).

The sports: Sports fans, you'll never wait too long for the
next game. You'll find plenty of professional and college
sports here.

The shopping: You'll save money with the low cost of
living in Houston, but there’s no shortage of stores, malls,
boutiques and more in the city!

The education: Houston offers more than 40 colleges,
universities, and institutes.
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bcm.edu/genetics

Keep up to date on all the latest news and advances from the
Department of Molecular and Human Genetics at Baylor College
of Medicine. Scan this QR code on your smart phone to link to our
website or visit bcm.edu/genetics






