
Interdisciplinary Training in Genes and the Environment: COURSE DESCRIPTIONS 
(Training faculty member names are bolded) 

 
Required courses: 
 
Biostatistics 297 Genomic Data Manipulation 
Curtis Huttenhower  
Introduction to genomic data, computational methods for interpreting these data, and survey of current 
functional genomics research. Covers biological data processing, programming for large datasets, high-
throughput data (sequencing, proteomics, expression, etc.), and related publications. 
 
EPI 500 Fundamentals of Epidemiology 
Julie Elizabeth Buring 
This course will provide an orientation to epidemiology as a basic science for public health and clinical 
medicine. It will address the principles of the quantitative approach to clinical and public health problems. The 
course will discuss measure of frequency and association, introduce the design and validity of epidemiologic 
research, and give an overview of data analysis. This course is an introduction to the skills needed by public 
health professionals and clinicians to interpret critically the epidemiologic literature. It will provide students with 
the principles and practical experience needed to initiate the development of these skills. Lectures are 
complemented by seminars devoted to case studies, exercises, or critique of current examples of 
epidemiologic studies. 
 
BPH301 Seminars in Biological Sciences in Public Health (Genes and the Environment) 
Marianne Wessling-Resnick 
Faculty present seminars on their current research in the biological sciences and direct a student discussion of 
the logic and experimental design of this research. Topics include chemical and viral carcinogenesis, DNA 
damage and repair, immunology, molecular biology, metabolism, cardiovascular disease, parasitology, and 
how these areas apply to public health issues. 
 
BPH 308qc. Molecular Signals to Understand Exposure Biology (EH527) 
Vishal S. Vaidya  
This course will offer students a deeper understanding of molecular signals often termed, as "Biomarkers" that 
serve as highly useful tools for understanding the biology of the disease as well as nature and extent of human 
exposure from environmental contaminants and drugs. The course is divided in 4 modules: 1) Biomarker 
discovery, 2) Organ/Disease specific biomarkers, 3) Multiscale technologies for biomarker quantitation, and 4) 
Clinical and statistical considerations in biomarker research. 

 
 

Core courses (students must take at least 4 of these courses): 
 
BCMP 201 - Biological Macromolecules: Structure, Function and Pathways  
Stephen C. Blacklow, Gaudenz Danuser, Stephen C. Harrison, and Peter K. Sorger 
Macromolecular structure with emphasis on biochemistry, interactions and catalysis in cellular processes and 
pathways. Links between theory and observation will emerge from discussion of fundamental principles, 
computational approaches and experimental methods. 
 
CB201 Molecular Biology of the Cell 
Marcia C. Haigis 
Molecular basis of cellular compartmentalization, protein trafficking, cytoskeleton dynamics, mitosis, cell 
locomotion, cell cycle regulation, signal transduction, cell-cell interaction, cell death, and cellular/biochemical 
basis of diseases. 
 
Genetics 201 Principles of Genetics 
Fred Winston, Thomas G. Bernhard, Maxwell G. Heiman, Mitzi I. Kuroda, and Steven A. McCarroll  
An in-depth survey of genetics, beginning with basic principles and extending to modern approaches and 
special topics. We will draw on examples from various systems, including yeast, Drosophila, C. elegans, 
mouse, human and bacteria. 
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BPH 210 Pathophysiology of Human Disease 
Lester Kobzik  
Surveys major human disease problems in the cardiovascular, respiratory, hematopoietic, reproductive, and 
gastrointestinal systems. Emphasis on understanding the pathophysiologic basis of common disease 
manifestations and the pathogenesis of the disease process. 
 
ID512 Molecular Basis of Nutritional and Metabolic Diseases 
Chih-Hao Lee and Gokhan S. Hotamisligil 
Students have an opportunity to review and analyze key papers that provide physiological and molecular 
evidence that bears on a topic of current interest in human nutrition and related disorders. Additionally, 
students learn skills necessary for critical thinking, and oral and written presentations. Course Note: HSPH 
degree candidates only. 
 
EH504 Principles of Toxicology 
Vishal S. Vaidya 
The course is designed to expose students to the principles and methods that should be used to determine 
whether a causal relationship exists between specific doses of an agent and an alleged adverse effect, 
observed primarily in humans. Integration of principles and methods of toxicology is extremely important since 
the primary purpose of toxicology is to predict human toxicity. Toxicological data obtained in animal studies 
must be placed in proper relationship to the exposure observed in the human population. The course deals 
with organ systems and whole organisms but relies on an understanding of the mechanistic approaches 
covered in EH508. Key target organs, selected classes of toxic agents and the application of toxicological 
principles are covered. Students are assigned a topic for a short presentation. Course notes:  
 
EH510 Fundamentals of Human Environmental Exposure Assessment 
David Lee Macintosh and Chensheng Alex Lu 
This course is designed to provide the tools and foundations necessary to understand the fate and transport of 
environmental contaminants in various environmental media and to estimate their impact on human exposure. 
The course will consider human exposure assessment in the context of risk assessment. Physical-chemical 
properties of contaminants and environmental media will be considered as they relate to developing basic 
models of human exposure. Course Activities: Class discussion, computer workshops, lectures, homework 
assignments, final exam. Course Note: Calculus and chemistry required. Course required for all EER program 
 
EH263 Analytical Methods and Exposure Assessment 
Jaime Elizabeth Hart, John D. Spengler and Gary Adamkiewicz 
This course will examine methodological issues associated with the design and execution of studies designed 
to measure environmental exposure to chemical and biological contaminants. The first half of the course will be 
lecture based, and will address topics such as: study design issues, implementation of quality control/ quality 
assurance programs, data analysis, protocols for sampling air, water, sediments, and soil for contaminants of 
concern, and analytical techniques used to measure chemical and biological constituents in the laboratory. 
During the second half of the semester, groups of students will design and execute their own field investigation 
using these techniques. The design and results of these projects are presented in class. Course Activities: 
Lectures, written reports, problem sets, exams, class presentations, field work and final paper. 
 
ID215 Environmental and Occupational Epidemiology 
Marc Weisskopf and Francine Laden 
This course examines application of epidemiologic methods to environmental and occupational health 
problems. Objectives are to review methods used in evaluating the health effects of physical and chemical 
agents in the environment, to review available evidence on the health effects of such exposures, and to 
consider policy questions raised by the scientific evidence. Topics include lectures on methodology, seminars 
on the review and criticism of current literature, and presentations by outside experts on specific environmental 
and occupational health issues of current interest. 
 
BIO227 Fundamental Concepts in Gene Mapping  
Nan M. Laird 
This course introduces students to the diverse statistical methods used throughout the process of statistical 
genetics, from familial aggregation and segregation studies to linkage scans candidate-gene association 
studies. Topics covered include basic principles from population genetics, multipoint and model-free linkage 
analysis, family-based and population-based association testing, and Genome Wide Association analysis. 
Instructors use ongoing research into the genetics of respiratory disease, psychiatric disorders and cancer to 
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illustrate basic principles. Weekly homeworks supplement reading, course lectures, discussion and section. 
Relevant concepts in genetics and molecular genetics will be reviewed in lectures and labs. The emphasis of 
the course is fundamental principles and concepts. Course Note: There will be a weekly section; the time will 
be scheduled at first meeting. 
 

Selected elective courses (students typically take 4 – 6 additional elective courses): 

EH298 Environmental Epigenetics  
Andrea Baccarelli  
Epigenetics is a fast growing field, with increasing applicability in environmental and epidemiology studies, 
focusing on the alterations in chromatin structure that can stably and heritably influence gene expression. 
Epigenetic changes can be as profound as those exerted by mutation, but, unlike mutations, are reversible and 
responsive to environmental influences. The course will focus on epigenetic mechanisms and laboratory 
methods for DNA methylamine, his tone modifications, small non-coding RNAs, and epigenomics. Ongoing 
experimental, and epidemiology studies (cohort, case-control, cross-sectional and repeated measurement 
studies) will be presented to introduce the students to the epigenetic effects in prenatal/early and adult life of 
environmental factors, including air pollution, metals, pesticides, benzene, PCBs, persistent organic pollutants, 
and diet. The course will enable them to understand and apply epigenetic methods in multiple areas, including 
cardiovascular and respiratory disease, aging, reproductive health, inflammation/immunity, and cancer. 
 
Genetics 218. Genotype to Phenotype: Epigenetics and Gene Regulation 
Chao-Ting Wu, Jeannie T. Lee  
Explores lesser known forms of gene regulation, including dosage compensation, imprinting, transvection, RIP, 
paramutation, methylation, and nuclear compartmentalization, taking examples from prokaryotes, ciliates, 
fungi, plants, insects, and mammals. Paper discussions, lectures, student presentations. 
Note: Given in alternate years.  
 
Biostatistics 298 Introduction to Computational Biology and Bioinformatics  
Xiaole Shirley Liu  
Basic problems, technology platforms, algorithms and data analysis approaches in computational biology. 
Algorithms covered include dynamic programming, hidden Markov model, Gibbs sampler, clustering and 
classification methods. 
 
BPH309 Tumor Cell Signaling and Metabolism 
Brendan Manning 
This course will focus on the metabolic reprogramming of cells as they undergo the transformation from normal 
to cancer cells. Emphasis will be placed on the unique nutrient and energy demands of growing tumors, the 
molecular mechanisms by which oncogenic signaling pathways alter cellular metabolism, and therapeutic 
opportunities arising from the profound differences in the metabolism of normal versus tumor cells. This course 
consists of one lecture and one session of critical reading of current primary literature related to the lecture 
each week. 
 
BPH310 Molecular Mechanisms of Aging 
James Mitchell 
We will explore molecular mechanisms underlying aging and aging-related disease. Topics will include nutrient 
signaling and energy metabolism, genome stability and proteostasis, interventional approaches to extended 
longevity, and theories of aging including the free radical theory. Recent and classic literature will be critically 
discussed. 
 
Cell Biology 332. Mass Spectrometry and Proteomics 
Steve Gygi and Jarrod Marto 
Mass spectrometry is the enabling tool in the field of proteomics. The field has advanced at such a pace that 
many papers now report the simultaneous identification of thousands of proteins directly from cells or tissues. 
We will discuss three areas where mass spectrometry can directly impact cell biology research. 1) Practical 
aspects of protein sequencing via mass spectrometry. 2) Determining protein-protein interactions by affinity 
purification coupled to mass spectrometry. 3) The use of stable isotopes to encode whole proteomes for 
protein profiling of different cell states. 
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“OMICS” nanocourses and workshops (offered through Harvard Catalyst and the Broad Institute) 
 
Introduction to Computational Biology  
The Introduction to Computational Biology course is a one-week introduction aimed at providing students with 
the tools needed to navigate laboratory datasets and public resources in the context of biology and genome 
technologies. Students will learn how to use computational biology tools available on the web via the UNIX 
command line, and on local files and datasets. By working in small groups, students will develop and present 
projects to demonstrate an understanding of the vocabulary of computational biology, data management, and 
analysis of large scale biological datasets. 
 
Bioinformatics Data Resources and Tools at the European Bioinformatics Institute (EBI) 
The European Bioinformatics Institute (EBI) presents a lecture and hands-on workshop introducing their wide 
range of bioinformatics resources, with a focus on resources and tools for transcriptomics. Participants will 
learn how to navigate the Ensembl genome databases. Resources to be presented include the ArrayExpress 
public repository of transcriptomics data, the Gene Expression Atlas (a semantically enriched database of 
meta-analysis based summary statistics which serves queries for condition-specific gene expression patterns), 
and Reactome (a curated pathway database). In addition, students will use Ensembl and BioMart data mining 
tools in the study of SNPs and other variations among strains, breeds, and individuals. Additional topics 
include standards, ontologies, data management, comparative genomics, proteomics, and genome alignment. 
 
Effective Use of NCBI Tools and Databases 
The National Center for Biotechnology Information (NCBI) presents "A Field Guide to GenBank and NCBI 
Molecular Biology Resources," a lecture and hands-on computer workshop on GenBank and related 
databases covering effective use of the Entrez molecular biology databases and search service, the BLAST 
similarity search engine, genome data and related resources. Topics will be presented in a lecture format 
followed by a hands-on afternoon session. 
 
Proteomics 
This introductory proteomics course is intended for clinicians, investigators, graduate and medical students, 
nurses, and other clinical research staff with an interest in proteomics, personalized medicine, and disease 
biomarkers. It will introduce fundamental language and concepts including basic concepts of mass 
spectrometry, sample preparation, quantitative proteomics, protein-protein interaction networks, post-
translational modifications, proteomics data analysis, proteomic biomarker discovery and validation, 
translational introduction of diagnostic and prognostic biomarkers into the clinic, proteomics approaches to 
understand basic disease mechanisms and to identify potential novel drug targets, as well as applications for 
personalized medicine. Key principles necessary for basic, clinical, and translational researchers to design 
proteomic studies and to perform and analyze proteomic data will be discussed. 
 
Epigenetics: An Introduction and Applications 
This course is intended for clinical research investigators at the fellow and faculty level. Distinguished faculty 
from MGH will provide introductory lectures defining epigenetics and its effect on gene regulation and inherited 
disease. 
 
Next Generation Sequencing at Harvard: Resources and Applications 
This symposium is intended for investigators at all levels interested in next-generation sequencing resources 
and applications available across Harvard. The course will include an introductory lecture on next-generation 
sequencing methodologies, lectures on scientific applications, and presentations by seven facilities performing 
next-gen sequencing. The goal is to provide attendees with fundamental knowledge of this important tool, and 
the information needed to access sequencing facilities. 
 
GenePattern 
In a half-day, hands-on format, participants learn to use GenePattern features, including an intuitive graphical 
user interface for users at all levels of computational sophistication, a comprehensive repository of over 180 
tools for the analysis of gene expression, sequence variation, proteomics, and more, and a pipeline 
environment that allows users to chain tasks together to create and share reproducible analysis workflows. 
 
Intro to RNA-Seq 
RNA-Seq is revolutionizing our ability to analyze the transcriptome. This seminar will present participants with 
an overview of RNA-Seq principles, experimental considerations, steps of the RNA-Seq analysis process, and 
current state of the art. It will provide the basis for future in-depth RNA-Seq courses and workshops. 
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Visual Representation for Exploring and Explaining Scientific Data 
Visual representation can serve two distinct purposes: to guide the data-exploration process as the scientific 
story is still unfolding and to communicate research findings. Each goal entails a different approach to data 
representation, but sound graphic design principles are important in both. This workshop will focus on data-
visualization techniques to parallel the research trajectory from lab to publication. Prospective attendees will be 
guided through essential design principles, graphical methods for depicting information, and software tools for 
implementing visualization ideas. Hands-on activities will give participants opportunities to put concepts into 
practice.  
 
Charting the Epigenome with ChIP 
ChIP (chromatin immunoprecipitation) is a very powerful technique that enables the localization of proteins on 
DNA throughout the genome. The technique relies on the selective enrichment of a chromatin fraction 
containing a specific antigen, by immunoprecipitation. Antibodies that recognize a protein or protein 
modification are used to capture the chromatin (protein - DNA complex), and in the contemporary method of 
ChIP-Seq, Nextgen sequencing libraries are derived from the recovered DNA. The libraries are sequenced and 
the recovered sequences are aligned to a genomic scaffold to map the locations of the antigen recognized by 
the antibody. The ChIP technique can be used in any area of research to further elucidate gene function and 
regulation in their native state. 
 
Modern Statistical Ideas for the Life Sciences 
This workshop will cover modeling and estimation basics for life scientists. The workshop is aimed at biologists 
who want to work closely with statisticians to develop either mechanistic or phenomenological models of 
cellular behavior. Statistical models can be used to gain insight into quantitative aspects of any cellular 
behavior of interest that are not directly measurable, and need to be inferred from indirect measurements. 
Model-based statistical analysis and inference are especially useful in high-throughput studies, and to 
disentangle small-to-medium effects from noise. If you are expecting 50-fold effects, counting will work just 
fine. 
 
Functional Genomic Screens in the RNAi Platform  
The RNAi Platform workshop will explore functional genomics resources at the Broad, both for those interested 
in performing genetic screens and for those interested in using these tools to answer specific questions in their 
area of interest. The workshop is aimed at bench scientists who might use these resources as well as 
computationalists who want to understand more about the the biological mechanisms and and experimental 
approaches underlying the data sets that emerge. We will cover the range of perturbations available in the 
Platform, including shRNAs, ORFs, and TALENs, including background on how they work and how they are 
delivered into cells. We will then discuss the planning and execution of small scale and genome-wide screens 
using these reagents. Additionally, we will provide hands-on examples of how to analyze and prioritize hits that 
emerge from screens, and discuss how to move from primary screening data to figures 3 through 7 of your 
publication. 
 
Genome Assembly 
This half-day workshop is intended as an introduction to the concepts of assembly and assembly analysis. The 
content is well-suited to non-experts who wish to learn about the fundamentals of assembly algorithms and 
basic best practices for understanding levels of quality in an assembly. Basic understanding of the concepts of 
genome sequencing and genome assembly is expected. 
 
Proteomics: Everything you always wanted to know but were afraid to ask 
This 2-half day course will present all essential aspects of proteomics of general interest to biologists and 
clinicians. Attendees will come away with a strong understanding of the important technologies and 
experimental approaches used in modern mass spectrometry-based proteomics. 
 
Metabolomics: Experimental design, methods, and analysis 
Metabolomics is the systematic analysis of endogenous metabolites in a biological sample and can be applied 
toward deciphering both normal physiology and disease pathogenesis. This initial workshop will present an 
overview of liquid chromatography tandem mass spectrometry (LC-MS)-based metabolomics methods. We will 
discuss practical considerations for design of experiments using cellular and animal models as well as clinical 
studies. We will also discuss state-of-the-art analytical tools and approaches to data analysis. 
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Introduction to NGS Visualization with IGV 
In this course participants will learn to view next generation sequence (NGS) alignment data in the Integrative 
Genomics Viewer (IGV). Topics covered include single nucleotide variants, insertions and deletions, genomic 
rearrangements, and transcription abundance. The course will include both lecture and hands-on exercises. 
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