
EPI 507 – Introduction to Genetic Epidemiology - Fall 2 - 2019 
 
Class Times and Website 
 
Mondays and Wednesdays 9:45-11:15 am 
Kresge G2 
https://canvas.harvard.edu/courses/62226 
 
Instructors and Office Hours 
 
Liming Liang, Associate Professor of Statistical Genetics 
https://www.hsph.harvard.edu/liming-liang/ 
lliang@hsph.harvard.edu 
Office Hours: 11:15-12:15PM, Monday and Wednesday 
 
Dan Chasman, Associate Professor of Medicine, Harvard Medical School 
http://researchfaculty.brighamandwomens.org/BRIProfile.aspx?id=5952 
DCHASMAN@research.bwh.harvard.edu 
Office Hours: By appointment 
 
Elise Robinson, Assistant Professor of Epidemiology, Harvard Chan School 
https://www.broadinstitute.org/bios/elise-robinson 
https://www.hsph.harvard.edu/elise-robinson/ 
erob@broadinstitute.org 
Office Hours: By appointment 
 
Teaching Assistants and Office Hours 
 
Zhaozhong Zhu, Postdoctoral Fellow in Environmental Health and Epidemiology 
zhz586@mail.harvard.edu  
Office Hours: Building 2 Room 247 
Fridays, 9:00am-10:00am 
 
Sarah Kalia, Ph.D. Student in Epidemiology 
sarahkalia@g.harvard.edu 
Office Hours: Building 2 Room 247 
Mondays 11:30am-12:30pm 
 
Xia Jiang, Postdoctoral Fellow in Epidemiology 
xiajiang@hsph.harvard.edu   
Office Hours: Building 2 Room 247 
Tuesdays, 4:00 pm-5:00 pm 
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Special Guest Lecturer 
Peter Kraft, Professor of Epidemiology and Biostatistics, Harvard Chan School 
pkraft@hsph.harvard.edu - twitter: @GENES_PK 
Office Hours: By appointment 
 
Note: Dr. Kraft is happy to discuss topics in genetic epidemiology that are covered by EPI507 as 
well as those that are not. He is however not involved in any aspect of course grading 
(homeworks, presentations, projects).  
 
Guest Lecturers 
Lori Chibnik, Assistant Professor of Epidemiology, Harvard Chan School 
 
Alicia Martin, Postdoctoral Fellow, Analytic and Translational Genetics Unit, MGH 
Twitter: @genetisaur 
 
Jordan Smoller, Professor of Psychiatry, Harvard Medical School 
Twitter: @jorsmo 
 
Course Goals 
 
At the end of the course, student will be able to: 
• describe how molecular, Mendelian, and population genetics relate to epidemiology; 
• describe the strengths and weaknesses of different study designs for understanding the 

relationship between genetic variation and variation in human traits; 
• understand analyses appropriate for different genetic association study designs; 
• relate concepts from genetic epidemiology to general epidemiologic concepts (e.g. 

population stratification bias is an example of confounding). 
Students should be able to critically evaluate published genetic association studies and 
understand the strengths and limitations of particular studies and genetic epidemiology 
generally. They will also have a solid foundation for further study in genetic epidemiology and 
statistical genetics, should they choose to pursue this. 
 
Readings 
 
Required and suggested readings are available from the course website.  
 
Readings should be completed by the Sunday prior to the lecture where they will be discussed--
for example, the required readings for the week of November 4th should be completed by 
November 3rd. 
 
Homework 
 
Weekly homeworks will be assigned on Wednesday, due the following Wednesday. There will 
be a total of 5 HWs (due November 6, 13, 29, and December 4 and 11). 
 
Forum for Discussion and Q&A for Homework 
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An online forum is available after log in the course site. Any topics related to the course can be 
discussed. One TA will be in charge of coordinating discussion, but everyone is encouraged to 
actively contribute to discussion. 
 
Student groups 
 
Students will be assigned to working groups with four-five members. Each group will be 
responsible for leading one in-class discussion session. Topics will be assigned based on group 
preferences as far as possible. Each group will also collaborate on the final project. 
 
Discussion session topics 
 

1. Mentor Xia Jiang 
Wei X and Nielsen R "CCR5-Δ32 is deleterious in the homozygous state in humans" Nat 
Med (2019) 25:909-911 
The CCR5–Δ32 variant protects against HIV infection. A recent highly controversial 
experiment—widely condemned as unethical and dangerous—modified the genomes of 
two human embryos to provide them with immunity to HIV infection. Is CCR5–Δ32 
associated with an increased risk of all-cause mortality?  

2. Mentor Dan Chasman  
"How an Unlikely Family History Website Transformed Cold Case Investigations" 
https://www.nytimes.com/2018/10/15/science/gedmatch-genealogy-cold-cases.html 
Using genetic genealogy to solve crimes [genetic privacy] 
Police have used publicly-shared genetic data on distant relatives to identify suspects in 
criminal cases. How does this work? What are the implications for privacy—both for 
those who share their data and for their relatives? 

3. Mentor Elise Robinson  
GWAS example: early T2D GWAS that matched on BMI and missed FTO? Something 
with an interesting design twist? 

4. Mentor Zhaozhong Zhu 
GWAS example: Physical activity in UKB? Latest and greatest GWAS of autism? Heart 
disease? Lipids? 

5. Mentor Sarah Kalia  
"Take it from a genetic counselor: 23andMe's health reports are dangerously 
incomplete" http://www.latimes.com/opinion/op-ed/la-oe-hopkins-23andme-genetic-
testing-health-20181026-story.html 
Direct-to-consumer genetic testing companies now report results on selected variants in 
genes traditionally tested in clinical laboratories and reported by genetic counselors. 
Why do they only report selected variants? What are the implications of only reporting 
these variants? 

6. Mentor Liming Liang  
DTC Example: 23andMe T2D risk prediction; 3rd party trait prediction algorithms (and 
how they don't agree) 

7. Mentor Xia Jiang  
Mendelian Randomization Example 

8. Mentor Dan Chasman  
Mendelian Randomization Example 

9. Mentor Sarah Kalia  
Henrietta Lacks 

10. Mentor Zhaozhong Zhu  
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“Indian Tribe Wins Fight to Limit Research of Its DNA” 
https://www.nytimes.com/2010/04/22/us/22dna.html 
Tsosie KS, Yracheta JM, Dickenson D “Overvaluing individual consent ignores risks to 
tribal participants”Nat Rev Genet (2019) 20:497-498 
Arizona State University paid $700,000 to members of the Havasupai Tribe and returned 
all DNA samples collected from tribe members after University researchers conducted 
studies for which they had no specific consent. How should consent be established for 
genetic studies generally, and for vulnerable populations in particular? What are the 
implications of individual-based consent procedures for tribal communities and small 
communities? 

 
Final group project 
 
The final project will consist of a short (less than three pages) analysis proposal using publicly 
available data from the UK Biobank (UKB). The proposal will consist of the following sections: 
Background & Significance; Design; Analytic Approach; Strengths and Limitations. 
 
Draft Background & Significance and Design sections are due November 23 so feedback can 
be returned by December 2. The final projects will be due December 16, and each group will 
give a 10-minute presentation (with 5 minutes for Q&A) in class during the week of December 
16. 
 
UK Biobank Documentation 
https://www.ukbiobank.ac.uk [main study webpage] 
http://biobank.ctsu.ox.ac.uk/crystal/ [data showcase] 
https://www.nature.com/collections/bpthhnywqk [nature collection on UKB] 
https://www.nature.com/articles/s41586-018-0579-z [main paper describing UKB genetics data] 
 
Publicly available summary statistics 
http://www.nealelab.is/uk-biobank/ 
https://biobankengine.stanford.edu/ 
http://www.phenoscanner.medschl.cam.ac.uk 
 
Tutorial using UKB data showcase webpage 
ZZ’s video? 
 
Grading 
 
In-class participation: 15% 
Weekly homework: 50% 
Final project:  35% 
 
In-class participation includes presenting the discussion paper assigned to the student's group. 
Groups leading the discussion will meet with an mentor prior to the class where the paper will 
be discussed to review the content of the article, clarify any questions the students might have 
or may want to pose to the class, and review background materials, as needed. Presentations 
will be evaluated based on students' comprehension of the material, ability to place it in context, 
and response to questions. 
 
Homework and readings should require between 3 and 6 hours outside of class every week. 
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Lecture Schedule 
 
WEEK 1 
 
Monday October 28 (Liming Liang/Pete Kraft) 

• Course introduction 
• History of genetics in epidemiology and the scope of genetic epidemiology 
• Familial aggregation 
• The central dogma of molecular biology 
• Types of genetic variation 

Required Readings 
• Ingles S, "Basic Concepts in Molecular Genetics," from: Thomas DC, Statistical Methods 

for Genetic Epidemiology, Oxford University Press, 2004. 
• "Human Genome Epidemiology: Scope and Strategies," from: Khoury MJ, Little J, Burke 

W, Human Genome Epidemiology: A Scientific Foundation for Using Genetic Information 
to Improve Health and Prevent Disease, Oxford University Press, 2003. 

Recommended Readings 
• "Introduction," from: Stewart A, Brice P, Burton H, Pharoah P, Sanderson S, Zimmern R, 

Genetics, Health Care and Public Policy, Cambridge University Press, 2007. 
 
Wednesday October 30 (Liming Liang) 

• Genotype and allele frequencies 
• Distribution of alleles across space and time 

Required readings 
• "Some Basic Concepts from Population Genetics," from: Laird N, Lange C, The 

Fundamentals of Modern Statistical Genetics, Springer, 2011. 
• TBD? 

 
WEEK 2 
 
Monday November 4 (Dan Chasman) 

• Meiosis: the biological basis for Mendel’s laws (and their exceptions) 
• Linkage disequilibrium 

Required readings 
• “The General Concepts of Gene Mapping: Linkage, Association, Linkage Disequilibrium 

and Marker Maps,” Section 5.4, pp. 77-79, from: Laird N, Lange C, The Fundamentals of 
Modern Statistical Genetics, Springer, 2011. 

 
Wednesday November 6 (Elise Robinson) 

• Single-variant genetic association studies 
• Design and analysis 
• Sources of bias 
• Review of the candidate gene literature 
• Discussion topic #1 

Required readings 
• “Genetic association studies of complex traits: design and analysis issues,” Newton-

Cheh C, Hirschhorn JN, Mutation Research (2005) 573:54-69. 
• “A tutorial on statistical methods for population association studies,” pp. 781-786, 

Balding DJ, Nature Reviews Genetics (2006) 7:781-791. 



• “A comprehensive review of genetic association studies,” Hirschhorn JN, Lohmueller K, 
Byrne E, Hirschhorn K (2002) Genetics in Medicine 4:45-61. 

 
WEEK 3 
 
Monday November 11 – No class (Armistice Day) 
 
Wednesday November 13 (Pete Kraft) 

• Population Stratification 
• Use of race, ethnicity, ancestry in genetic epidemiology 

Required readings 
• TBD accessible review of modern methods for controlling for population stratification 
• "The Use of Racial, Ethnic, and Ancestral Categories in Human Genetics Research," 

NHGRI Race Ethnicity and Genetics Working Group, Am J Hum Genet (2005) 77:519-
532. 

• "How genetics is changing our understanding of 'race,'" David Reich, New York Times, 
23 March 2018. 

• "How not to talk about genetics and race," Kahn J et al., BuzzFeed News, 30 March 
2018. 

Recommended Reading 
• "Theorizing Racial/Ethnic Differences in Disease Distribution," pp. 86-94, from: Krieger 

N, Epidemiology and the People's Health, Oxford University Press, 2011. 
 
WEEK 4 
 
Monday November 18 (Dan Chasman) 

• Genome wide association studies 
• Genotype imputation 
• "Genome-wide significance:" statistical inference in settings with 1,000s of exposures 
• Power and sample size calculations 
• Discussion topic #2 

Required readings 
• TBD maybe that primer from Teri Manolio on GWAS 

Recommended reading 
• TBD 

 
Wednesday November 20 (Elise Robinson) 

• Discussion topic #3 
• Discussion topic #4 
• GWAS: state of the science 
• The "case of the missing heritability" 

Required readings 
• TBD maybe recent AJHG Visscher review 

Recommended reading 
• TBD 

 
WEEK 5 
 
Monday November 25 (Elise Robinson) 



• Polygenic risk scores: development, uses, interpretation 
• Guest lecture: Alicia Martin "Polygenic scores and health disparities" 

Required readings 
• TBD 

Recommended reading 
• TBD 

 
Wednesday November 27 – No class (Thanksgiving break) 
 
WEEK 6 
 
Monday December 2 (Liming Liang) 

• From GWAS to function: fine mapping and heritability enrichment 
• Rare variation 

Required readings 
• TBD 

Recommended reading 
• TBD 

 
Wednesday December 4 (Dan Chasman) 

• Mendelian randomization  
• Discussion Topic #5 
• Discussion Topic #6 

Required readings 
• TBD 

Recommended reading 
• TBD 

 
WEEK 7 
 
Monday December 9 (Pete Kraft) 

• Gene-environment interactions 
• Discussion Topic #7 
• Discussion Topic #8 

Required readings 
• TBD probably Kraft and Hunter  

Recommended reading 
• TBD 

 
Wednesday December 11 (Liming Liang/Guest speakers) 

• Diversity and equity 
• Guest lecture: Jordan Smoller "The All of Us Research Program" 
• Guest lecture: Lori Chibnik "Neuropsychiatric Genetics Research in Africa" 
• Discussion Topic #9 
• Discussion Topic #10 

Required readings 
• TBD  

Recommended reading 
• TBD 



 
WEEK 8 
 
Monday December 16 (all instructors) 

• Final presentations 
 
Wednesday December 18 (all instructors) 

• Final presentations 
 


