SNP Analysis Homework Spring 2014
John Gray Univ of Toledo

email to :  jgray5@utnet.utoleod.edu 
AND to Alexei.fedorov@utoledo.edu 
419 530 1537  (Homework due two weeks after 2nd lecture is posted)
www.hapmap.org and www.1000genomes.org
This is the homework for the 2 lectures presented by me on the topic of SNPs and their use in GWA studies.

Overall Objectives of Homework:

Q1:  The first objective is to practice calculating linkage disequilibrium between two SNPs and by doing do to get a better feeling for this concept which underlies the mapping of complex traits in GWA studies.

Q2 and 3: To become familiar with the database of the HapMap project website www.Hapmap.org.  You will learn to access the HapMap database and use the resources therein to find markers that would be useful for doing association analysis of the RDH12 locus discussed in class.

Q4:  As in question 2 but to access and use the resources at the 1000 genomes project www.1000genomes.org.

Q5:  Learn to read and describe a Genome-Wide Association Study for an inherited complex trait (height in humans).  
Q6:  Learn to comment on the reasons why GWAS studies have been considered a waste of money by some yet a worthy investment by others.
Resources needed:

Students will need to access the www.Hapmap.org and www.1000genomes.org websites to complete this homework.  This can be done on any Mac or PC and having Excel installed will help. 
I am providing a link to a 23 minute presentation (recorded in 2011) that I recommend you view before starting the homework.  It is a brief tour of these Hapmap and 1000 genome sites and viewing it will help you navigate your way around more quickly.  
http://electure.utoledo.edu:8080/ess/echo/presentation/1c130578-62de-4821-861e-6f1ee6ece909
Homework Questions:

Copy and paste the questions below into word and then paste your answers between the questions.  Send the document as an attachment to me putting your name and SNP homework in the subject line e.g. Doe, John SNP homework

Q1:
Calculation of Linkage Disequilibrium

A GWAS study was performed and data for two SNPs with two loci each are supplied below.  See lecture notes for example on how to do the calculation.

Haplotype data

GA = 474 
GT = 611 
CA = 142 
CT = 773

Total SNP data = 2000

Q1.1 Calculate the Haplotype frequencies.

Q1.2 Calculate the Allele frequencies

Q1.3  Use the equation D = (P11)P22) - (P12)(P21) to calculate linkage disequilibrium.

Q1.4 Calculate D'

Q1.5 Calculate r2
Q2:
Using Hapmap.org  www.hapmap.org
The International HapMap Project has been a multi-country effort to identify and catalog genetic similarities and differences (mainly SNPs) in human beings. Using the information in the HapMap, researchers are able to find genes that affect health, disease, and individual responses to medications and environmental factors. By making this information freely available, the Project will help biomedical researchers find genes involved in disease and responses to therapeutic drugs
Access the www.hapmap.org website (use the Guide to HapMart and the HapMap Tutorial for help if necessary -supplied as pdf files with homework).
For this Analysis you should use the HapMap3 Genome Browser release#2 (Phase 31 genotypes, frequencies and LD) 

Briefly answer the following questions in your own words.

Q2a:
What is the HapMap ?

Q2b:
What is a haplotype ?

Q2c:
What is the origin of haplotypes ?

Q2d:
What populations are being used to create the data for the HapMap project and how many individuals are involved from each population?

Q2e: For each part of the questions below use the BRCA2 locus as an example to follow the first six of the 11 “recipes” in the guide.  The BRCA2 locus is a gene linked to breast cancer and has been studied in much detail.  Mutations in this gene lead to a genetic predisposition to getting breast cancer (Note that in the recipes the word “Dump” is referring to “download” on the “Reports and Analysis” menu)
Select the HapMap3 Genome Browser release#2 (Phase 31 genotypes, frequencies and LD) on the left side of the homepage to begin this work.

Q2e-1:
What is the chromosomal position of the BRCA2 locus ?

Q2e-2:
How many SNPs have been found in the 40 kb region around this locus

Q2e-3:
What do the small charts that you see when you zoom in represent ? – and what do the colors in these charts represent ?

Q2e-4:
Try downloading some data as in recipe 2 and 3. – however if you have trouble doing this then do not spend too much time – you can also see a list of data by pressing the “GO” button and the data will appear on the screen. If you are successful in downloading or viewing the “SNP genotype data” and the “SNP frequency data” then copy and paste the first ten lines into your homework report.  

Q2e-5:
Using recipe 4, view the extent of linkage disequilibrium in the BRCA2 region.  What does a triangular area of high red color mean to you ?

Q2e-6:
Using recipe 6 pick a set of tag-SNPs in the 40 kb BRCA2 region using an R squared (r2) cut off of 0.8 and a minor allele frequency (MAF) cutoff of 0.2.  View these using the “GO” button and copy and paste the top five into your report.

Q3:
Go back and browse the RDH12 locus (type in RDH12 or chr14:66165219..66205218) that was discussed in class and using the recipes find a set of 5 tag-SNPs that could be used for association analysis in this region.  Paste these into your report (basically use recipe 6 to accomplish what was done for the BRCA2 locus.  Do any of the SNPs correspond to the ones used in the Janecke et al., 2004 paper ?

Q4:  Using 1000genomes.org  www.1000genomes.org
The 1000genomes project goes further and deeper in finding human SNPs by sequencing the genomes of 1000 people from around the world.  Even more variation was discovered including more rare SNPs.  In combination with the data form the HapMap project it is even easier for researchers to explore the genes underlying human disease and variation.

Go the 1000genome.org www.1000genomes.org  website and open the browser.  Type in RDH12 and then click on the result to go transcript display and click on the gene location (chr 14) to go to  the genetic location.  

Q4a: Using the menu on the left first click on Resequencing (6) and report at least one SNP that is in an exon (sequence colored red) – click on the SNP to get the SNP name and report that.

Q4b:  Go back to the menu on the left side and click on “Linkage Data”.  Then from the Select Populations bar on the left choose the CSHL-HAPMAP:HapMap-YRI panel by clicking the + sign.  Close that window and now you will see the tagged SNPs and LD data as you did in HapMap.  Record 5 tag SNPs for this RDH12 region and indicate if any are the same or different from the ones chosen using HapMap.  

Q5:  Deciphering a recent GWAS study that uncovers genes linked to height in humans.

Open the pdf file attached to this homework with the recent paper entitled
Hao et al., 2013 Genome-wide association study in Han Chinese identifies three novel loci for human height. 

Hum Genet (2013) 132:681–689             DOI 10.1007/s00439-013-1280-9
Human height is a complex trait like susceptibility to disease.  In this recent paper a group apply the use of SNPs in a GWA study.  Read the paper and see if you can understand it by answering the following questions.
Q5a:  What was the goal of this study?
Q5b:  How big was this study?  How many individuals were examined -describe the cohort used. (including the GenSalt study group)
Q5c:  How many SNPs were assayed in this study? and what genotyping technology was used?
Q5d: What P value(s) (probability) were used to decide significant association between a SNP and height?

Q5e:  Name the SNPs that were associated with genes previously linked to height in European studies.  What are the underlying genes?
Q5f:  Name the SNPs and underlying loci that were associated with height that are more peculiar to the Chinese population used in this study.
Q5g:  Overall what do they estimate the 5 loci they uncovered really contribute to the genetic variance underlying height?
Q5h:  Summarize in a paragraph the discussion of their findings.  Do they suggest how the uncovered loci may contribute to height? 
Q5i:  Are further investigations warranted? Describe one follow-up experiment that you think would be worthwhile.
Q6:  Are GWA studies a waste of money?

Read the blog article entitled " Have We Wasted 7 Years and $100 Million Dollars on GWAS Studies? at the following website

http://blog.goldenhelix.com/?p=1195 

Q6.1:  In your own words (not copied and pasted from article) - list two reasons why GWAS studies might be considered wasteful and two reasons why GWAS studies should be considered worthwhile and should be continued.

Q6.2:  Do you think the Hao et al., study (in Q5) was worthwhile? Why or why not?
