                     
STAT 661 Statistical Genetics
Instructor: Ruzong Fan

Credits, Class Periods: 3 credits; TR 9:35-10:50, Harrington Education Center 202.
Description

This is a course with fewer mathematical prerequisites for master's

students in epidemiology, statistics, medical genetics and molecular

biology. It introduces probabilistic and statistical methods in analyzing 

genetic data arising from human and animal studies, gene mapping, molecular genetics, and DNA sequencing. Topics include basic concepts in human genetics, sampling design in human genetics, gene frequency estimation, Hardy-Weinberg

equilibrium, linkage disequilibrium, association and transmission disequilibrium 

test studies, linkage and pedigree analysis, classical segregation analysis and ascertainment, polygenic models, complex segregation analysis, and DNA sequence data analysis. The class uses genetics software packages such as Mendel, Genehunter

and TDT/S-TDT.

Prerequisites

Stat 610, 611

Course Outline

1. Introduction


   2.
Basic Concepts in Human Genetics



A.  genes,  chromosomes, populations



B.  basic population genetics

         3.
Maximum Likelihood Estimation and Hypothesis Testing



A.  likelihood, score, information



B.  maximum likelihood estimation



C.  properties of maximum likelihood estimators



D.  iterative methods of maximization



E.  large sample hypothesis testing

         4.
Gene Frequency Estimation



A. heterozygosity, polymorphism information content (PIC)



B.  codominant case



C.  dominant/recessive case


D.  estimation using the EM algorithm

   5.
Association Studies and Transmission Disequilibrium Test (TDT)

A. test for genetic association

B. designs for genetic association studies

C. transmission disequilibrium test

D. use of computer programs GENEHUNTER and TDT/S-TDT


   6.
Linkage Analysis I



A.  two point linkage analysis from first principles



B.  lod scores


   7.
Pedigree Analysis



A.  advantage of pedigrees for genetic analysis



B.  Elston-Stewart algorithm and extensions



C.  disadvantages: computing, ascertainment



D.  use of computer program MENDEL


E. applications

8. Application of Pedigree Analysis for Mendelian Models

A. allele frequency estimation for data on relatives

B. paternity testing

C. detecting linkage heterogeneity

D. genetic counseling for linked traits

E. ancestral inference

F. twin zygosity determination

G. marker typing error detection


   9.
Linkage Analysis II



A.  linkage analysis as a special case of pedigree analysis



B.  constructing multipoint genetic maps



C.  multipoint disease mapping



D.  non-parametric methods of linkage analysis



E.  applications of linkage analysis

        10. Linkage Analysis of Complex Genetic Traits

   11. Classical Segregation Analysis and Ascertainment

       12. Segregation Analysis II: Polygenic/Multifactorial Models 

               A.  some traits clearly not single gene, still interesting



B.  formulate model



C.  model approached from variety of sampling designs

D. analytic approach:  variance components

       13. Radiation Hybrid Mapping 

Instructional Objectives

After taking this class, students will have some knowledge about modern statistical methods for genetic study and can use some statistical software to analyze genetic data.  

Evaluation Methods of the Course


Homework problem sets (50%)


Two take home exam (25% each): 1. midterm Nov 3 to Nov 11; 2. Final, to be determined!

Relationship of the Course to Other Courses


This is a class built up on Stat 610, 611

Relationship of the Course to Major, Minor, or Option


N/A – See above.

Consultation with Other Departments and Academic Support Units

Technology Needs

Student must have a pocket calculator, access to a modern computer which may run genetic software such as GENEHUNTER and MENDEL (e.g. Unix Sunstation), and TDT/S-TDT (Microsoft)

Frequency of Offering and Enrollment

    Once every two years 

Effective date

    September 2005
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