Syllabus

Genetic Analysis Laboratory -- P8141

1.  Introduction to linkage analysis. 

What we will cover in the course. 

What you should be able to do when we are done.

What is computer simulation?

What the simulator does: Play God.

What you do when the simulator is done: Play ignorant investigator.

What the interface program does for you or "What happens behind the curtain."

The algorithm for analyzing a family using a linkage analysis program.

What are the parameters of a linkage analysis?

Basic Unix.

Using the computer and the first analysis.

Assignment: Download and try out the linkage simulator package “SHIMSHON”.

2. Generating and analyzing linkage data

Demonstration of simulation and analysis using the interface.

Students practice and questions are answered.

Start to look at the parameters

Experiment with what happens when we change penetrance, gene

frequency, and mode of inheritance.

Explanation of the outputs.

Read: Ott, pages 10-25.

3. Generating and analysis inheritance models.

Question: Can you reach the wrong conclusions about the existence of

linkage when you analyze under dominant when the data were generated

under recessive, and vice-versa?

Suppose you misspecify the mode of inheritance AND the penetrance?

Does the correct mode of inheritance always lead to the highest max

lod score? (Read: Greenberg, 1989 and assigned pages in Ott)

4. More complex genetic models (1)

Two-locus models.

Kinds of "simple" two-locus models: both loci dominant (DD), both loci

recessive (RR), one dominant-one recessive (DR and RD).

Analysis programs (with rare exceptions) do not allow for multiple

locus models. What happens to our ability to detect linkage when we

generate data under, say a DR model and analyze it assuming only D or

only R? (Read: Vieland et al 1992).

5. A further look behind the curtain: By-passing the interface and using the analysis programs directly.

6. Heterogeneity models. Why heterogeneity makes linkage analysis so difficult. The effect of mode of inheritance and penetrance. (Read: assigned pages in Ott)

7. More on heterogeneity.  The range of variation in individual data sets when there is heterogeneity. What about "sporadics"? (Read: Durner et al (1996))

8. More on heterogeneity.  Compensating for heterogeneity. Recombination fraction and the HLOD score. (Read: Hodge et al 1997)

9. Ascertainment and selection criteria. Designing your data collection for maximum power. (Read: Durner et al 1992)

10. Cheat! Cheat! Why you cannot choose families based on lod score.

11. More complex genetic  models (2) Intermediate, additive and any model we can think of with two disease loci. The two-locus penetrance matrix. (Read: Greenberg et al 1998)

12. More complex genetic models (3) The effect of gene frequency. How much should we worry if we get it wrong?

13. Multipoint analysis. What is it? What does it do for us?

14. SNP haplotypes vs microsatellites for linkage.

.bp Required text: Ott: Analysis of Human Genetic Linkage. Johns Hopkins: Baltimore.

Other readings (available on Courseworks):

Greenberg, D.A.  (1989): Inferring mode  of inheritance by  comparison of lod scores.  American Journal of Medical Genetics 34:480-486.*

Vieland, V.J., Greenberg, D.A.,  Hodge,  S.E.,  Ott, J. (1992): Linkage  analysis  of  two locus diseases under single locus and two locus analysis models. Cytogenetics and Cell Genetics. 59:145-146.

Durner, M., Greenberg, D.A., Hodge, S.E. (1992): Inter- and intrafamilial heterogeneity:  Effective sampling strategies and comparison of analysis methods. American  Journal of Human Genetics 51:859-870.*

Durner, M., Greenberg, D.A., Hodge, S.E. (1996): Phenocopies  vs. Genetic Heterogeneity: Can We Use Phenocopy Frequencies in Linkage Analysis to Compensate for Heterogeneity? Human Heredity, 46:265-273, 1996.

Hodge, S.E., Abreu, P., Greenberg, D.A. (1997): Magnitude of type I error when single- locus linkage analysis is maximized over models: a simulation study. American  Journal of Human Genetics 60:217-227.*

Greenberg, D.A., Abreu,  P., Hodge, S.E. (1998): The power  to  detect linkage in complex disease by means of simple lod score analysis. American Journal of Human Genetics 63:870-87*

Final Grade: Emphasis is on doing the homework problems and class participation. Homework will count for 60-80% of the grade and class participation for 20-40%. Each student will present the results of the homework to the class at least twice, depending on class size. The clarity of presentation as well as the quality of the results will count. There may be the option of a final project that will count for 20%  of the grade.

One paragraph summary:

This is a one-semester course using computer simulation and genetic linkage analysis. The purpose of the course is to give students a hands-on feel for the problems and vagaries of genetic linkage data and what to expect in a real linkage analysis.  Students will use computer simulation to human linkage data under a variety of conditions, varying such parameters as the mode of inheritance, penetrance, gene frequency and heterogeneity. The students will then analyze those data using both correct and incorrect assumptions about the true genetic origin of the data. By analyzing multiple data sets, students will gain understanding of the variation in results that occur due to random factors and also gain insight into the reliability of results. Both the data generation and the analysis steps have been automated so that students can devote their attention to the data and results without distraction by details of computer usage. However, knowledge of data handling in the computer is essential and time will be devoted to learning some elements of Unix and data and file handling, as well as the details of what linkage programs require. Topics include: basics of linkage analysis; mode of inheritance assumptions; heterogeneity; complex models; ascertainment; multipoint analysis.

