CURRICULUM IN
BIOINFORMATICS AND
COMPUTATIONAL BIOLOGY
(GRAD)

Modern biology, in this postgenome age, is being greatly enriched by

an infusion of ideas from a variety of computational fields, including
computer science, information science, mathematics, operations
research, and statistics. In turn, biological problems are motivating
innovations in these computational sciences. There is a high demand for
scientists who can bridge these disciplines. The goal of the Curriculum
in Bioinformatics and Computational Biology (BCB) is to train such
scientists through a rigorous and balanced curriculum that transcends
traditional departmental boundaries.

Incoming students are expected to matriculate from a broad range

of disciplines; thus, it is important to ensure that all students have a
common foundation on which to build their BCB training. The first year is
dedicated to establishing this foundation and training all students with

a common set of core BCB courses. BCB students will also participate

in three laboratory research rotations their first year and ultimately join

a laboratory at the end of those rotations. Research work is done in the
laboratory facilities of the individual faculty member and is supported
primarily by faculty research grants.

Curriculum faculty have appointments in 18 departments in the School
of Medicine, School of Dentistry, Gillings School of Global Public Health,
Eshelman School of Pharmacy, School of Information and Library
Science, and the College of Arts and Sciences. This provides students
with a broad range of research opportunities.

Requirements for Admission for Graduate
Work

Ideal BCB candidates should have an undergraduate degree in a
biological, physical, mathematical, or computational science. They must
apply to the program through a unified application program known as the
Biological and Biomedical Sciences Program (BBSP). Students apply for
graduate study in the biological or biomedical sciences at UNC—Chapel
Hill. Students interested in any of the BBSP research areas apply to
BBSP, and those whose application portfolio places them highest on the
admission list are asked to visit Chapel Hill for interviews. Students who
are ultimately admitted to UNC—Chapel Hill make no formal commitment
to a Ph.D. program. After completing their first year of study students
leave BBSP join a thesis laboratory, and matriculate into one of 14
participating Ph.D. programs. During their first year BBSP students are
part of small, interest-based groups led by several faculty members.
These groups meet frequently and provide a research community

for students until they join a degree-granting program. Students are
encouraged to apply as early as possible, preferably before December 1.
(Applicants seeking a master's degree are not considered for admission.)

Financial Aid

Stipends for predoctoral students are available from an NIH predoctoral
training grant and from the University. Tuition, student fees, and graduate
student health insurance are also covered by the training grant and the
University.
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Bioinformatics and Computational
Biology, Master's Degree (M.S.)

Modern biology is being greatly enriched by an infusion of ideas

from computational and mathematical fields, including computer
science, information science, mathematics, operations research and
statistics. In turn, biological problems are motivating innovations in these
computational sciences. There is a high demand for scientists who can
bridge these disciplines. The goal of the Curriculum in Bioinformatics

and Computational Biology is to train such scientists through a rigorous
and balanced curriculum that transcends traditional departmental
boundaries.

Course Requirements

Code Title Hours
Core Courses

BCB 710 Bioinformatics Colloquium ! 1
BCB 715 Mathematical and Computational Approaches to 1

Modeling Signaling and Regulatory Pathways

BCB 717 Structural Bioinformatics 1
BCB 720 Introduction to Statistical Modeling 3
BCB 722 Population Genetics 1
BCB 724 Data Communication 1
BCB 899 Special Topics in Bioinformatics and 1

Computational Biology 2
Thesis/Substitute or Dissertation
BCB 992 Master's (Non-Thesis) 3
Minimum Hours

' This 1-credit course must be taken four times.

2 This 1-credit course must be taken twice.

Milestones

The following list of milestones (non-course degree requirements) must
be completed; view this list of standard milestone definitions (https://
catalog.unc.edu/graduate/degree-programs/#milestonestext) for more
information.

+ Master's Committee

+ Master's Written Exam/Approved Exam Substitute
+ Thesis Substitute

+ Thesis/Substitute Defense

+ Approved Master's Thesis

+ Residence Credit

+ Master's Exit Survey

Bioinformatics and Computational
Biology, Doctoral Degree (Ph.D.)

Modern biology is being greatly enriched by an infusion of ideas

from computational and mathematical fields, including computer
science, information science, mathematics, operations research and
statistics. In turn, biological problems are motivating innovations in these
computational sciences. There is a high demand for scientists who can
bridge these disciplines. The goal of the Curriculum in Bioinformatics

and Computational Biology is to train such scientists through a rigorous
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and balanced curriculum that transcends traditional departmental
boundaries.

Course Requirements

Code Title

Core Courses

BCB 710 Bioinformatics Colloquium L

BCB 715 Mathematical and Computational Approaches to
Modeling Signaling and Regulatory Pathways

BCB 717 Structural Bioinformatics

BCB 720 Introduction to Statistical Modeling

BCB 722 Population Genetics

BCB 724 Data Communication

BCB 899 Special Topics in Bioinformatics and
Computational Biology !

Electives

Hours

_ - o =

9 of 12 hours should be computational unless DGS or ADGS approves 12

otherwise.

Thesis/Substitute or Dissertation
BCB 994
Minimum Hours

Doctoral Research and Dissertation

1

in its fall offering.

Milestones

The following list of milestones (non-course degree requirements) must

be completed; view this list of standard milestone definitions (https://
catalog.unc.edu/graduate/degree-programs/#milestonestext) for more
information.

Doctoral Committee

Doctoral Oral Comprehensive Exam

Doctoral Written Exam

Prospectus Oral Exam

Dissertation Defense

Doctoral Dissertation Approved/Format Accepted

Residence Credit

Doctoral Exit Survey

Doctoral Teaching Experience

Doctoral Manuscript Submission

Doctoral Intradepartmental Review

Doctoral Research Presentation

Professors

Shawn Ahned, Genetics and Biol ogy JimBear, Cell Biology and

Physi ol ogy Kerry Bl oom Biology Charles Carter, Biochem stry

and Bi ophysics lan Davis, Genetics and Pediatrics Dirk Dittner,

M crobi ol ogy and | mmunol ogy Henri k Dohl man, Pharnacol ogy;

Bi ochemi stry and Bi ophysics Tinothy El ston, Pharmacol ogy and

Conput ati onal Medicine Gregory Forest, Math Flavio Frohlich,

Psychiatry, Cell Biology and Physiol ogy, Bionedical Engineering,
Neur ol ogy Terry Furey, GCenetics and Biol ogy Shawn Gonez,

Bi onedi cal Engi neering Boyce Giffith, Mthematics; Bionedical

Engi neering Melissa Haendel, Cenetics and Pediatrics Kl aus

Hahn, Pharmacol ogy and Medi ci nal Chenistry Corbin Jones, Biol ogy

and Cenetics Brian Kuhl man, Biochem stry and Bi ophysics Alain

Laederach, Biology Sam Lai, School of Pharmacy Yun Li,

Genetics and Biostatistics Yufeng Liu, Statistics & Operations

36

This 1-credit course must be taken twice in its spring offering and twice

Research, Biostatistics, and Genetics Any Shaub Maddox,

Bi ol ogy Terry Magnuson, GCenetics Steve Marron, Statistics

and Operations Research WIliam Marzluff, Biochemistry and

Bi ophysi cs Karen Mhl ke, Genetics Fernando Pardo- Manuel de
Villena, Genetics Charles Perou, Cenetics and Pathol ogy and
Laboratory Medicine; Conputational Medicine Jan Prins, Conputer
Sci ence

Jereny Purvis, Cenetics; Conputational Medicine

Jack Snoeyink, Conputer Science John Sondek,
and Bi ochem stry and Bi ophysics Brian Strahl,
and Bi ophysics Al ex Tropsha, Cheni cal
Chenmistry WIIiam Valdar, Cenetics

Phar macol ogy,
Bi ochemi stry
Bi ol ogy and Medi ci nal

Pew Thi an Yap, Radi ol ogy

Mark Zyl ka, Neuroscience Center; Cell Biology and Physi ol ogy

Associate Professors

J. Mauro Cal abrese, Pharnacol ogy; Lineberger Conprehensive Cancer

Cent er
Jill Dowen, Biochenistry and Bi ophysics; Biol ogy
Martin Ferris, Cenetics
Erin Hei nzen, School of Pharmacy and Genetics

Bradl ey Henmi nger, School of Information and Library Science

Kat heri ne Hoadl ey, Cenetics; Lineberger Cancer Center

Sanir Kel ada, Cenetics

Daphne Kl otsa, Applied Physical
Karin Lei dernman, Mathematics
Sarah Linnstaedt, Anesthesiol ogy
M ke Love, Biostatistics and Cenetics
Paul Maddox, Bi ol ogy

Adrian Marchetti, Marine Sciences
Dani el MKay, Biology and Genetics

Sci ences

Yi ngl ong M ao, Pharnacol ogy and Conputational Medicine

Konst antin Popov, Biochenistry and Bi ophysics

Dani el Schrider, Genetics

Shehzad Shei kh, Genetics and Medicine

Jason Stein, Cenetics; Neuroscience Center

Benj amin Vincent, Medicine, Division of Hematol ogy/ Oncol ogy
Todd Vi sion, Biology; School of Information and Library Science

Jereny Wang, Pathol ogy Lab Medicine & Genetics

Di Wi, Periodontics, School of Dentistry; Biostatistics

Ant hony Zannas, Psychiatry and Genetics

Assistant Professors

Tessa Ander mann, Medicine Elizabeth Brunk,
Chenistry lain Carmchael,

Phar macol ogy and

Pat hol ogy and Data Sci ence Dani el

Domi nguez, Pharnmacol ogy Parul Johri, Biology and Genetics Wesley
Legant, Bionedi cal Engineering and Pharnmacol ogy Xi hao Li,

Bi ostatistics & Genetics
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Q ngyun Liu, Genetics
Yusha Liu, Biostatistics

Brian M| ler, Medicine - Oncol ogy Ehssan Nazockdast, Applied
Physi cal Science Adam Pal mer, Pharmacol ogy Doug Phanstiel, Cell
Bi ol ogy and Physi ol ogy

Elisa Pieri, Chemistry

Jesse Raab, Genetics Laura Raffield, Genetics Christoph Rau,
Genetics; Conputational Medicine Al exander Rubinsteyn, Genetics

Jonat han Schi sl er, Pharmacol ogy
Natal i e Stanl ey, Conputer Science Hyejung Wn, Genetics
Dai wei (David) Zhang, Biostatistics and Cenetics

Tarek Zikry, School of Data Science and Society

BCB

Graduate-level Courses

BCB 701. Genome Sciences Seminar Series. 1 Credits.

Open to bioinformatics students only. Diverse but current topics in all
aspects of bioinformatics. Relates new techniques and current research
of notables in the field of bioinformatics and computational biology.

Rules & Requirements
Repeat Rules: May be repeated for credit.
Grading Status: Letter grade.

BCB 702. Genome Sciences Seminar Series. 1 Credits.

Open to bioinformatics students only. Diverse but current topics in all
aspects of bioinformatics. Relates new techniques and current research
of notables in the field of bioinformatics.

Rules & Requirements
Repeat Rules: May be repeated for credit.
Grading Status: Letter grade.

BCB 710. Bioinformatics Colloquium. 1 Credits.

The goal of this course is to expose students to the research interests of
BCB faculty and to provide an opportunity for students to present their
own work and receive input from their peers and faculty.

Rules & Requirements
Grading Status: Letter grade.

BCB 712. Databases, Metadata, Ontologies, and Digital Libraries for
Biological Sciences. 1 Credits.

Course introduces the basic information-science methods for storage
and retrieval of biological information.

Rules & Requirements
Grading Status: Letter grade.
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BCB 715. Mathematical and Computational Approaches to Modeling
Signaling and Regulatory Pathways. 1 Credits.

The course provides an introduction to the basic mathematical
techniques used to develop and analyze models of biochemical networks.
Both deterministic and stochastic models are discussed.

Rules & Requirements
Grading Status: Letter grade.

BCB 716. Sequence Analysis. 1 Credits.

This module is designed to introduce students to concepts and methods

in the comparative analysis of nucleic acid sequences using state of the

art sequencing platforms. Course topics will include sequence alignment,
genome assembly, and computational details of contemporary protocols

for DNA and RNA sequencing.

Rules & Requirements
Grading Status: Letter grade.

BCB 717. Structural Bioinformatics. 1 Credits.
Course introduces methods and techniques for protein modeling.

Rules & Requirements
Grading Status: Letter grade.

BCB 718. Computational Modeling Laboratory. 1 Credits.

This course provides a practical introduction to computational modeling
of cellular systems. We will focus on how to choose and implement
different modeling techniques-deterministic, stochastic, and inferred-

to describe the same biological phenomenon. Although no formal
mathematical or computational background is required, the course will
involve a fair amount of programming in MATLAB.

Rules & Requirements
Grading Status: Letter grade.

BCB 720. Introduction to Statistical Modeling. 3 Credits.

This course introduces foundational statistical concepts and models that
motivate a wide range of analytic methods in bioinformatics, statistical
genetics, statistical genomics, and related fields. Students are expected
to know single-variable calculus, be familiar with matrix algebra, and have
some programming experience.

Rules & Requirements
Grading Status: Letter grade.

BCB 722. Population Genetics. 1 Credits.

This short course will cover methods of inferring/estimating natural
selection, including the Dn/Ds ratio, the McDonald-Kreitman test, and
the Poisson Random Field model. The course will feature discussions of
high-profile publications that describe the application of these methods
to yield insights into the forces that have shaped organismal evolution.

Rules & Requirements
Grading Status: Letter grade.
Same as: GNET 722.

BCB 723. Topics in Statistical Genetics and Genomics. 1 Credits.
This module introduces selected concepts and techniques in statistical
genetics and genomics.

Rules & Requirements
Grading Status: Letter grade.
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BCB 724. Data Communication. 1 Credits.

This course is designed to prepare students to be effective
communicators of the results of analyses of biological and biomedical
data. Students will learn methods for data assessment and exploratory
data analysis (EDA), and how to visualize, write, and talk about data

in contexts such as emails, reports, lab meetings, publications, and
conference presentations. No technical or statistical background required
for enrollment.

Rules & Requirements
Grading Status: Letter grade.

BCB 725. Introduction to Statistical Genetics. 3 Credits.

Covers statistical methods for the analysis of family and population-
based genetic data. Topics include classical linkage analysis, population-
based and family-based association analysis, haplotype analysis,
genome-wide association studies, basic principles in population genetics,
imputation-based analysis, pathway-based analysis, admixture mapping,
analysis of copy number variations, and analysis of massively parallel
sequencing data.

Rules & Requirements
Grading Status: Letter grade.

BCB 726. Machine Learning for Computational Biology. 1 Credits.
Modern machine learning techniques are applied ubiquitously across the
biomedical sciences to elucidate key insights from complex datasets.
This course will introduce classical machine learning and fundamental
deep learning techniques and how they can be applied for robust,
reproducible, and interpretable analysis of biological data. Topics
covered include, unsupervised learning, clustering, cross validation,
bootstrapping, supervised learning via linear models, tree-based
models, and deep learning models, and deep learning fundamentals and
explainable machine learning techniques. All concepts will be taught

in a practical way that involves implementing algorithms on cleaned
biomedical datasets.

Rules & Requirements
Requisites: Prerequisites, BCB 720 and programming in Python or R.
Grading Status: Letter grade.

BCB 730. Fundamentals of Quantitative Image Analysis for Light
Microscopy. 1 Credits.

This course is a practical introduction to quantitative analysis of light
microscopy images. During the class students will follow tutorials that
will guide them through common tasks in analysis of biological images.
They will be introduced to basic concepts of image processing like image
registration, filtering, object detection etc.

Rules & Requirements
Grading Status: Letter grade.
Same as: CBPH 730, GNET 730.

BCB 731. Critical Readings in Biomedical Statistics and Machine
Learning. 2 Credits.

A survey of recurring statistical errors and pitfalls which are sometimes
used to exaggerate the weight of evidence for novel biological claims
or inflate the estimated accuracy of proposed predictive biomedical
models. This course focuses on misapplied analyses of data sources
where a small number of biological samples are quantified into very
high dimensional feature spaces, such as in genomics, proteomics, and
biomedical imaging.

Rules & Requirements

Requisites: Prerequisites, Students should be familiar with both
predictive modeling and inferential data analysis (BCB 720 or, eg,

BIOS 661, COMP 755, or STOR 665) as well as general awareness of high
throughput biological data; Permission of the instructor is required for
students lacking the prerequisites.

Grading Status: Letter grade.

BCB 750. MOLECULAR DYNAMICS. 1 Credits.

The course is designed to introduce the most important concepts,
methods, and software programs used in Molecular Dynamics (MD)
simulations. Topics include, but are not limited to, computational models,
force fields, simulation algorithms, enhanced sampling, protein folding,
ligand binding, protein-protein/nucleic acid interactions, drug design,
QM/MM, photobiuology, and machine learning. The goal is to help the
students to rapidly learn MD as a powerful computational technique and
use it to solve relevant problems in their own research.

Rules & Requirements

Requisites: Prerequisite, BCB or BIOC 670.
Grading Status: Letter grade.

Same as: BIOC 750.

BCB 784. Introduction to Computational Biology. 3 Credits.

Molecular biology, sequence alignment, sequence motifs identification by
Monte Carlo Bayesian approaches, dynamic programming, hidden Markov
models, computational algorithms, statistical software, high-throughput
sequencing data and its application in computational biology.

Rules & Requirements

Requisites: Prerequisites, BIOS 661 and 663; Permission of the instructor
for students lacking the prerequisites.

Grading Status: Letter grade.

Same as: BIOS 784.

BCB 785. Statistical Methods for Gene Expression Analysis. 3 Credits.
Clustering algorithms, classification techniques, statistical techniques for
analyzing multivariate data, analysis of high dimensional data, parametric
and semiparametric models for DNA microarray data, measurement

error models, Bayesian methods, statistical software, sample size
determination in microarray studies, applications to cancer.

Rules & Requirements

Requisites: Prerequisites, BIOS 661 or 673, and 663; Permission of the
instructor for students lacking the prerequisites.

Grading Status: Letter grade.

Same as: BIOS 785.



BCB 850. Training in Bioinformatics and Computational Biology
Teaching. 3 Credits.

Principles of bioinformatic and computational biology pedagogy.
Students are responsible for assistance in teaching BCB and work under
the supervision of the faculty, with whom they have regular discussion of
methods, content, and evaluation of performance.

Rules & Requirements
Repeat Rules: May be repeated for credit.
Grading Status: Letter grade.

BCB 870. Writing Fellowship Proposals. 1 Credits.

Provides practical experience to predoctoral students in writing
fellowship proposals, using the NIH F31 as a template. Students will have
weekly writing assignments, with feedback given by students and faculty.
Open to 2nd and 3rd year students in the Curriculum or by permission of
the instructor.

Rules & Requirements
Grading Status: Letter grade.
Same as: GNET 870.

BCB 888. Responsible Conduct of Research. 1 Credits.
Classroom-based graduate level course covering critical topics for
ethical and responsible conduct of experimental research. There are both
classroom lecture, workshop-type discussion components, in addition

to assigned outside of class readings. Case studies and hypothetical
situations involving the most likely scenarios confronting graduate
students will be covered, these topics include: mentor and mentee
relationships, publication authorship, collaboration, peer review, conflicts
of interest, intellectual property, plagiarism, data acquisition and data
processing. Restricted to students in good standing as a graduate
student at UNC; In the unlikely event that classroom space is limited,
preference will be given to graduate students who have previously
received external federal funding sources and may require a refresher
course in RCR.

Rules & Requirements

Repeat Rules: May be repeated for credit. 2 total credits. 1 total
completions.

Grading Status: Letter grade.

Same as: BIOC 888.

BCB 891. Special Topics. 1-3 Credits.
Advance topics in current research in statistics and operations research.

Rules & Requirements

Repeat Rules: May be repeated for credit; may be repeated in the same
term for different topics.

Grading Status: Letter grade.

Same as: MATH 891, GNET 891.

BCB 899. Special Topics in Bioinformatics and Computational
Biology. 1-6 Credits.

Special topics course in the Bioinformatics and Computational Biology
Curriculum. Topics will vary.

Rules & Requirements

Repeat Rules: May be repeated for credit. 9 total credits. 9 total
completions.

Grading Status: Letter grade.
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BCB 905. Research in Bioinformatics and Computational Biology. 1-8
Credits.

Credit awarded to students for research in bioinformatics and
computational biology.

Rules & Requirements
Repeat Rules: May be repeated for credit.
Grading Status: Letter grade.

BCB 990. Research Practicum/Internship in Bioinformatics and
Computational Biology. 1-9 Credits.

The Research Practicum/Internship in Bioinformatics and Computational
Biology (BCB) is a planned, individualized, mentored, evaluated,
experiential learning opportunity that serves as a bridge between
academic training and post-training practice. The internship/practicum
provides special opportunities for learning that are different from,
supplementary to, and supportive of the academic components of the
PhD program.

Rules & Requirements

Requisites: Prerequisite, None; Corequisite, None; Pre- or corequisite,
None.

Repeat Rules: May be repeated for credit; may be repeated in the same
term for different topics; 9 total credits. 9 total completions.

Grading Status: Letter grade.

BCB 992. Master's (Non-Thesis). 3 Credits.
Focuses on the development of a master's project or a major paper other
than a thesis.

Rules & Requirements
Repeat Rules: May be repeated for credit.

BCB 993. Master's Research and Thesis. 3 Credits.
Students are not accepted for master's program.

Rules & Requirements
Repeat Rules: May be repeated for credit.

BCB 994. Doctoral Research and Dissertation. 3 Credits.
Credit for work done towards doctorate.

Rules & Requirements
Repeat Rules: May be repeated for credit.

Contact Information

Curriculum in Bioinformatics and Computational Biology
Visit Program Website (http://bcb.unc.edu)

Director
William Valdar
william.valdar@unc.edu

Associate Director
Michael Love
milove@email.unc.edu

Student Services Manager
Jonathon Cornett
jcornett@email.unc.edu
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