
The Open Door Workshop  Module 6: Genomic Variation 
___________________________________________________________________________________ 
  

  179 

Module 6: Genomic Variation 
 
Aims 

• Introduction to genomic variation 

• Introduction to various SNP resources on the web 

• Integration of information from various databases to identify SNPs in 

your favourite gene or chromosomal region 

• Choosing SNPs to genotype 

• Introduction to genotypes and haplotypes 

 

Introduction 
Genetic variation is at the basis of heritable phenotype.  Together with the 

environment, genetic variation makes each one of us different.  A key goal of 

the human genome project is the compilation of a catalogue of common 

human sequence polymorphisms.  With the exception of identical twins, who 

have identical genomes, differences between two genomes occur on average 

between 0.3 and 1 kb, equating to 5 - 10 million differences in a genome of 

3.2 billion base pairs.  Two types of genetic mutation event give rise to all 

genetic variants.  The simplest type of variant is the substitution of a single 

nucleotide for another, a so-called single nucleotide polymorphism (SNP).  

SNPs are the commonest form of variation and when comparing 2 genomes, 

SNPs with a frequency > 1% typically occur every 1000 bp.  Insertions or 

deletions of a section of DNA, so-called INDELs, account for many other types 

of variation.  Variable number tandem repeats (VNTRs) are the commonest 

type of INDEL and occur where nucleotide patterns are repeated.  The 

difference in size of VNTRs is used to divide them into minisatellites (10 – 

100s bp) and simple tandem repeats (STRs or microsatellites) which are 2 – 6 

bp in length.  It is these SNPs and INDELs that account for most inherited 

phenotypes, including disease susceptibility.  Analysis of sequence variation 

provides a powerful tool for understanding susceptibility to disease. 

 

A single nucleotide polymorphism (SNP) is defined as a single base change 

occurring in a population at a frequency >1%. Single base changes that occur 

at <1% are often referred to as mutations or rare SNPs.  However, there is a 
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lack of agreement between databases on this terminology and some disease-

causing mutations occur with quite a high frequency in some populations.  For 

example, the carrier frequencies of mutations in the CFTR gene that cause 

cystic fibrosis are around 2% in European populations. 

 

SNPs are highly abundant and are thought to be more stable than STRs due 

to low mutation rates. Nucleotide diversity is lower in exons and approximately 

half of the exonic SNPs are non-synonymous. SNPs can act as surrogate 

markers for an adjacent functional variant or can have direct functional 

consequences if they occur in coding or regulatory regions. The development 

of high-throughput genotyping platforms makes SNPs well suited to the 

identification of factors involved in multi-gene diseases as large sample sizes 

can be analysed quickly. 

 

It is important to remember that the current SNP maps are not exhaustive and 

rare nucleotide substitutions, that may be critical for disease, may not be 

represented in the SNP maps. Re-sequencing of genomic DNA from a large 

number of individuals can be used to identify sequence variation. One such 

project is the 1000 Genomes Project, an international research consortium 

formed to create the most detailed and medically useful picture to date of 

human genetic variation. The project involves sequencing the genomes of 

approximately about 2500 unidentified people from about 25 populations 

around the world.  It’s being supported by the Wellcome Trust Sanger Institute 

in England, the Beijing Genomics Institute Shenzhen in China and the 

National Human Genome Research Institute (NHGRI), part of the National 

Institutes of Health (NIH) in the US. The project draws on the expertise of 

multidisciplinary research teams and will develop a new map of the human 

genome that will provide “a view of biomedically relevant DNA variations at a 

resolution unmatched by current resources”. More information about the 1000 

Genome Project can be found at the project website: www.1000genomes.org 
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Table adapted from Kruglyak and Nickerson, Nature Genetics vol 27, page 234, showing the 

detection rate for SNPs with a given minimal allele frequency in n chromosomes. 

 

The Evolution of SNPs 
The appearance of mutations and their evolution to SNPs has been defined in 

four phases (Miller and Kwok, 2001): 

1. Appearance of new variant allele by mutation 

2. Survival of allele through early generations against the odds 

3. Increase of the allele to a substantial population frequency 

4. Fixation of allele in populations 

Survival of mutations is limited and a lot are lost in early generations.  A 

heterozygous individual having 2 offspring has a 0.75 probability of passing 

on the mutation to at least one child.  If the mutation is neutral, there is a 94 % 

probability of loss in 10 generations (approximately 200 years).  Deleterious 

mutations disappear more quickly. 

 
Ambiguity codes: 

 M => a/c V => a/c/g N => a/c/g/t 
 H => a/c/t R => a/g D => a/g/t 
 W => a/t S => c/g B => c/g/t 
 Y => c/t K => g/t 
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Worked Example: 
You have been using Affymetrix GeneChips to identify genes that are 

differentially regulated in patients and controls.  Following analysis, the gene 

corresponding to the probe set 216025_x_at is found to be up-regulated in the 

patient samples from an Affymetrix gene expression experiment.  You need to 

find out information about this gene, in particular whether there are any 

polymorphisms in the gene and if these could affect its activity. To determine 

a complete SNP map for a gene, information from several databases may 

need to be combined. 

 
Questions: 

1. What is the function of the gene that probe set 216025_x_at 

corresponds to? 

2. How many single nucleotide polymorphisms are there in this gene? 

3. How many of the SNPs are coding and how many alter the amino acid 

sequence? 

To start, access Ensembl, http://www.ensembl.org and select the Human 

homepage to begin the database search  

 

 

 

 
 

 

 

Enter 
216025_x_at in 
search window 
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Follow 
OligoProbe 

Check for 
multiple locations 

Follow Genomic 
coordinates 
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Click on gene 
name to bring up 

information 

Follow gene link 

Drag the Region 
view, and zoom 

level in the 
Detailed view 



The Open Door Workshop  Module 6: Genomic Variation 
___________________________________________________________________________________ 
  

  185 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Follow HGNC link 

GeneCards 

ANSWER 1 
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Go back to  
Ensembl GeneView 

Answers 2 & 3 – SNP #’s 
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Follow “Variations” 

Follow link to dbSNP 

Select “Transcript” 

Follow rs1057910 
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Scrolling down the page reveals information about the allele frequency and a 

link through to genotypes. 

 

 

 

 
 

 
 

 

  

Alleles 

Integrated map 
information 

Build information 

Genotype and 
allele information 

Sequence 
context of SNP 

Scroll up and go to Gene (ID) 
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Follow OMIM link 
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The 1000 Genomes Project 
Data from increasing numbers of human genome sequences is currently 

available through the public website (www.1000genomes.org). 

 

These can be searched through the familiar Ensembl browser format for 

displaying data (browser.1000genomes.org) 
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The project uses the familiar Ensembl browser format:

 

Make sure you select BRCA2 - breast cancer 2, early onset  ENSG00000139618 
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Choosing SNPs to Genotype 
 

Once you have identified the SNPs associated with your gene(s) of interest it 

is time to get some data. However, as we have seen there are typically 

dozens of SNPs in or close to any given gene. So how do you decide which 

ones to look at?  There are no set rules for this, but you should take into 

consideration: 

1) Previously published data 

2) Validation status 

3) Population frequency 

4) In silico predictions of potential phenotypic effect 

5) Haplotypes 

 

Previously published data 
 

The first place to look for SNPs is a literature database such as PubMed 

(http://www.ncbi.nlm.nih.gov/pubmed/) using the appropriate search terms (eg 

‘polymorphism’ AND ‘CYP17A1’). If somebody has already found a functional 

SNP, or linked a SNP to a disease then it is an excellent candidate for your 

study.  

 

The advent of microarrays means that some groups are investigating 

associations between SNPs and gene expression levels on a large scale, so 

called expression Quantitative Trait Loci (eQTL). For example the GENe 

Expression VARiation (GENEVAR) project at the Sanger has looked at the 

expression of 48,000 genes in all 270 HapMap lymphoblastoid cell lines. A 

searchable database is under construction to allow you to see what SNPs (if 

any) are associated with expression of your gene(s) of interest. Data is 

currently available at: http://eqtl.uchicago.edu/cgi-bin/gbrowse/eqtl/ 

 

Genome-wide association studies (GWAS) are becoming increasingly 

common. The US National Human Genome Research Institute maintains a 

searchable catalogue of GWAS (http://www.genome.gov/gwastudies/). If you 
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know what region or disease you are interested in you can see if any SNPs 

have already been linked to it: 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

The search returns details of the study and SNPs identified: 

 
 

 

 

 
  

Type in OXTR 
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Validation status 
 

It is important to remember that not all SNPs in dbSNP are useful or even real. 

Some are sequencing errors and others may be unique to the individual they 

were found in. Looking at the validation status of a SNP gives an idea of how 

reliable it is. Unvalidated SNPs should be treated with caution. SNPs with 

frequency information available are best. 

 

 

Population frequency 
 

The population frequency of a SNP should match the study that you are 

conducting.  How many samples do you have? Do you have the power to 

detect associations in SNPs with a frequency of 5%, 10% etc? If not then 

there’s little point genotyping SNPs that have such low frequencies.  

 

In silico predictions of potential phenotypic effect 
 

SNPs are more likely to have phenotypic effects if they are: 

1) Frameshift 

2) Non-synonymous 

3) Synonymous (exonic splice enhancer/suppressor) 

4) Splice site 

5) Untranslated region (UTR) 

6) In regulatory regions 

 
Expressed SNPs are easy to identify as shown previously in this module, but 
determining which of these to prioritize is not always obvious.  
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Genotyping data and haplotypes 
 

 

 

 

 

 

 

 
 
 

Linkage and Linkage Disequilibrium (LD) 
 
Linkage and linkage-disequilibrium (LD) measure a correlation, co-

segregation or association between a genetic marker and disease.  They can 

be distinguished a number of ways: 

 

1. Linkage is focused on a locus whilst LD is focused on an allele  

 

2. Linkage results from recombination events in the last 2-3 generations.  LD 

on the other hand results from much earlier, ancestral recombination events  

 

3. Linkage measures co-segregation in a pedigree.  LD measures co-

segregation in a population (essentially a very large pedigree)  

 

4. From the dynamical system point of view, Linkage is the "dynamical 

equation", LD is the "initial condition"  

 

5. In a pedigree likelihood calculation (LOD score), the result tells you whether 

you have Linkage or not.  Conversely, LD is provided by the user prior to 

performing the calculation. 

6. Linkage is usually detected for markers reasonable close to the disease 

gene (one centiMorgan).  LD is detected for markers even closer (0.01-0.02 

cM). 

Consider two SNPs 
SNPs: 

T 
A 

A 
C 

A C 
In 

disequilibrium: 
(i.e. LD) 

T A 

T C 
A A 
T A 

A C 

In 
equilibrium: 
(i.e. no LD) 
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Several metrics have been devised to measure linkage disequilibrium (LD). 

The two most commonly used of these are D' and r2. Both are related to the 

basic unit of LD, D. 

 

D 
D measures the deviation of haplotype frequencies from the equilibrium state. 

LD occurs when D is significantly greater than zero. Consider two linked SNPs 

with alleles (A, a) and (B, b), resulting in four possible haplotypes: AB, Ab, aB 

and ab. D can be calculated as in equation 1, where f(X) represents the 

frequency of the X allele or haplotype. 

 

D=f(AB)-f(A)f(B) (1) 

 

D' 
D' is the absolute ratio of D compared with its maximum value, Dmax, when 

D≥0, or compared with its minimal value, Dmin, when D<0. D'=1 denotes 

complete LD, and historical recombination results in the decay of D' towards 

zero. 

 

r2 
r2 is the statistical coefficient of determination – a measurement of correlation 

between a pair of variables (see equation 2). 

 

r2=              D2            (2)     

         f(A) f(a)f(B) f(b) 

 

r2 is of particular importance in genetic mapping as it is inversely related to the 

required sample size for association mapping, given a fixed genetic effect. For 

example, if only one pair of SNPs was genotyped and r2 between the SNPs 

was found to be 0.5, then to provide the same statistical power for 

ungenotyped SNP compared with the case where  r2=1, knowing the 

genotypes of alleles of one SNP is directly predictive of the genotypes of 

another SNP. The alternative notation R2 is used when individual variables 

are predicted using the multiple regression of a constellation of other variables. 
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Relationship between D' and r2 
D' and r2 can be written in terms of each other and allele frequencies. Without 

losing generality, the four alleles can be chosen such that D≥0 and f(A)≥f(B). 

So D' and Dmax have the relations in equations 3 and 4. 

 

D'=     D      (3) 

        Dmax 

 

Dmax =f(a)f(B) (4) 

and 

r2=(D')2x f(a)f(B) (5) 

               f(A)f(b) 

 

Equation 5 shows the relationship between D', r2 and allele frequencies. As 

f(A)≥f(B), r2 has the upper bound of (D')2, and reaches it only when f(A)=f(B). 

The implication of this is that D', a commonly used measure of historical 

recombination, provides information on the physical extent of useful LD (in 

terms of association mapping and statistical power) by providing the upper 

limit of r2. Dense LD maps that are based on high frequency SNPs (MAF>0.1) 

can reveal regions of historical recombination. Knowing the level of D' decay 

in these maps directly provides the maximum potential level of useful LD in 

association mapping (based on r2) for high-frequency SNPs even if a 

significant proportion of common SNPs remains undiscovered. For example, if 

a recombination point resulted in a D' of 0.7 for SNPs on either side of it, the 

maximum possible r2 for these SNPs would be 0.49, and sample sizes would 

need to be more than doubled to maintain the same statistical power for 

association mapping. It should be noted that both D' and r2 suffer from 

sampling biases given a small number of individuals and for rare variants. 

Confidence intervals for D' have been used by some investigators.  

LD varies throughout the human genome.  Near complete LD has been 

observed over >800 Kb on chromosome 22, however, these regions of near 

complete LD are interspersed with regions of little or no LD. 

 

There are a number of web based programs available for determining linkage 

disequilibrium such as Arlequin (http://cmpg.unibe.ch/software/arlequin3/) 
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Genepop (http://genepop.curtin.edu.au/) and Haploview 

(www.broad.mit.edu/personal/jcbarret/haploview/). 

 

Haplotypes 
While individual SNPs can have an effect on gene expression or protein 

structure they do not exist in isolation, but as part of haplotypes. Haplotypes 

are blocks of sequence that derive from the same ancestral chromosome and 

have not been disrupted by recombination. Haplotypes are defined by groups 

of closely linked alleles that tend to be inherited together. Thus each SNP 

investigated is linked to and interacts with a number of other SNPs. As high 

throughput genotyping platforms become more widely used, attention will 

inevitably move from individual SNPs to haplotypes. 

 

Taking Haplotype block structure into account 
• Discrete chromosome region of high LD and low haplotype diversity 

• All pairs of polymorphisms within a block are in strong LD, whereas 

other pairs show weaker association 

• Blocks hypothesized to be regions of low recombination flanked by 

recombination hotspots:  In other words, SNPs in blocks have had little 

ancestral recombination happen between them. 
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The International HapMap Project 
 

This is a multi-country project to identify and catalogue genetic similarities and 

differences in human beings http://www.hapmap.org.  In phase I & II 270 

DNAs haplotyped were from the CEPH, Han Chinese, Japanese and Yoruba 

populations 6 million SNPs. This means that there will be a common, 

genotyped SNP every 600bp on average. The Generic Genome Browser 

enables one to look at the genotyped SNPs associated with a particular region 

or landmark and provides links to frequency and genotype data. 

• Goal: Determine common patterns of DNA sequence variation in 

human genome in samples from different populations 

• Attempts to capture most of the variation due to existing ~10 million 

SNPs by genotyping 200,000-1,000,000 tag SNPs 

• BUT by focusing on common variants, may miss rare, disease-

associated variants. 

• ASW  
• African ancestry in Southwest USA  

• CEU  
• Utah residents with Northern and Western European ancestry from the CEPH 

collection  
• CHB  

• Han Chinese in Beijing, China  
• CHD  

• Chinese in Metropolitan Denver, Colorado  
• GIH  

• Gujarati Indians in Houston, Texas  
• JPT  

• Japanese in Tokyo, Japan  
• LWK  

• Luhya in Webuye, Kenya  
• MXL  

• Mexican ancestry in Los Angeles, California  
• MKK  

• Maasai in Kinyawa, Kenya  
• TSI  

• Toscani in Italia  
• YRI  

• Yoruba in Ibadan, Nigeria  
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A HapMap tutorial section (http://hapmap.ncbi.nlm.nih.gov/tutorials.html) 

includes presentations from the the HapMap tutorials at American Society of 

Human Genetics Annual Convention on the 27th of October 2005 and a 

‘Users Guide to the web site’. The Generic Genome Browser enables one to 

look at the genotyped SNPs associated with a particular region or landmark 

and provides links to frequency and genotype data. 

Worked Example: 
You have identified IL7R as being differentially expressed in patients and 

controls.  You want to see what SNPs have been genotyped for IL7R as part 

of the HapMap project and to find out their frequencies in the Caucasian 

population.  

Questions: 
1. How many SNPs have been genotyped within 10kb of IL7R? 

2. How many of these have minor allele frequencies >0.1 in the 

Caucasian HapMap population? 

3. Are any of the SNPs in linkage disequilibrium? 

4. What are the tag SNPs? 

To start, access HapMap, http://hapmap.ncbi.nlm.nih.gov/  

 

 

 

 

 

 

 

 

 

 

 

NB. Since so much has to be precomputed, the visualisation features 

(especially plots) lag behind the latest data releases. Below we use release 27 

containing data from phases 1, 2 & 3, where these tools are available at the 

time of writing. 

 

Step 1: 
Click on  

HapMap3 Genome Browser release #27  
(Phase 1,2 & 3 - genotypes, frequencies) 
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Make sure ‘LD Plot’ track is switched on (bottom of page) also ‘Phased 

Haplotype Display’ if available for that dataset. 

 
 

 
 

 

 

 

Step 2: 
Choose ‘Annotate LD 
Plot’. Click Configure 

Step 4: 
Turn on the European 
(CEU) and Japanese 

(JPT) populations, 
inverting the latter.  

 

Step 5: 
Click configure  

Step 6: 
Search for IL7R  

Step 3: 
Choose r2 for LD 

properties >0.3  and <1.0  
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Answer 2  
Allele frequency in pop 
OR select “Download 

SNP genotype frequency 
data”  

Step 8 
Click on a SNP for 

genotype data 

Answer 1  
You can select “Download 
SNP genotype data” to get a 
text file. 

Step 7 
Show 10kb 
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Step 9 - Go back one page to the chromosome view page and scroll down for 
haplotype data 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

Answer 3 
Dark red blocks 
show strong LD 
in Europeans 
and Japanese 

Step 10 
Go back to the top of the page 
and select ‘Download tag SNP 

Data’ and click ‘configure’  
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Step 11 
Choose your options 

and click ‘Go’  

Answer 4 
SNPs identified as tag SNPs using 

the above criteria in selected 
genome window. 
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Haploview – haplotyping software 
Haploview is a user friendly piece of freeware that has been designed to 

generate haplotypes directly from HapMap or from your own data. It can be 

downloaded at http://www.broadinstitute.org/haploview/haploview-downloads  

Comprehensive documentation is also available at this web page. 

Worked Example: 
Import your data files into Haploview. 

 

 

 

 

 

 

 

 

The sample files contain data on 40 trios (father, mother and child), so simply 

click ok. 

 
 

There are three haplotype blocks, defined by confidence intervals (Gabriel et 

al, Science, 2002), which can be genotyped using four tag SNPs.  

Step 1 
Choose the sample.ped file for the 

Data file and sample.info for the 
Locus information file 

 

Step 2 
Check the data looks ok 

 

Are the SNPs in 
HW equilibrium? 

Minor Allele 
Frequency 
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LD plot shows how the haplotype blocks are composed. 
 
This data set is available online as part of the Haploview tutorial, along 
with descriptions of file formats and how Haploview analyses data. 
 
 

Red: LD=1 
Blue: LD=0 

Analysis 
options include 
defining how 
blocks are 
determined 
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Copy Number Variation 
Another frequent source of polymorphisms is Copy Number Variation (CNVs), 

which are a type of “structural variation” in the genome. These include 

anything from small insertions and deletions (≥1kb) and duplications to large 

scale duplications (≥50kb). Such CNVs may be on different chromosomes 

through duplications followed by translocation events, or are segmental 

duplications arisen through non-allelic homologous recombination. Many of 

these CNVs have been found through analyses of the HapMap data, and 

more are being found with the 1000 genome project.  For more see Conrad et 

al. Nature 2009 and the CNV discovery project at WTSI 

(http://www.sanger.ac.uk/humgen/cnv/42mio/ ) 

While our knowledge of CNVs is far from as complete as with SNPs, they are 

starting to be implicated in human diseases, often due to their effects via gene 

dosage. So it’s definitely worth checking if any are known in your area of 

interest. 

 

The HapMap site (http://hapmap.ncbi.nlm.nih.gov) we looked at earlier has a 

track for CNVs e.g. here for SERPINB10 (using HapMap data Release 24). 

 
 

CNV track 
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The Database of Genomic Variance (http://dgv.tcag.ca/dgv/app/home) is a 

more specialised site for finding CNVs. 

  
Opening the results in the genome browser, shows that Database of Genomic 

Variance has three CNV encompassing at least part of SERPINB10 (Red = 

gain, Blue = loss). Clicking on the CNV (here the red) gives more data: 

 
It may also be useful to check CNVD http://202.97.205.78/CNVD/ which text 

mines CNVs from publications in addition to use large studies.   

Search for 
SERPINB10
0 

Platform used, and 
observed changes -  
here gains. 
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Exercises: 

1. Analysis of sequence variation at the RUNX1 locus 

Using the Ensembl database determine the number of coding SNPs within the 

longest transcript of transcription factor RUNX1. How many stop gain, frame 

shift coding and non-synonymous SNPs are there? What are their ambiguity 

codes and do they encode amino acid substitutions. How many non-

synonymous SNPs have Validation information and which single SNP would 

you type first? 
 

2. Sequence variation in SERPINB10 
Microarray data suggests that differential SERPINB10 expression is involved 

in prostate cancer. You have a medium sized, European, case-control 

population with 500 cases and 500 controls. You can only afford to genotype 

a couple of SNPs to see if any are associated with prostate cancer risk in your 

cohort. Which SNPs do you pick and why? 
 

3. What are the significant SNPs and MYH11 haplotype that predisposes 
to disease? 
Your microarray results showed that MYH11 shows differential expression in 

diseased compared to non-diseased aorta. You decide to genotype 28 SNPs 

in all of your case and control coronary artery disease samples to identify 

genetic association of SNPs within the gene. Using Haploview [two files 

“Genotype_data.ped” and SNP_Locations.info] determine how many 

haplotypes are there? What is the name of the SNP significantly out of HWE? 

Are any of the SNPs or haplotypes significant or trending in cases than 

controls (or vice versa)? What are the tag SNPs and how many of them are 

there?  

Hint: Check “Do association test” and “Case/Control data” from the first 

window 

Hint: Find statistical significance under the ‘Association’ tab, then look at 

‘Single Marker’ and ‘Haplotypes’ for significant SNPs’ 

Hint: Tag SNP data can be found under the ‘Tagger’ tab, alter the r2 to 0.7 

then “Run Tagger” at the bottom of the page 

4. Using dbGaP for identifying heart disease loci. 
You have a heterogeneous Type-1 Diabetes cohort, and you decide to subset 

your population to help define the multiple genetic components of the disorder. 
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You segregate a T1D sub-population with myocardial infarction within your 

cohort. A small, seemingly underpowered screen that you carry out shows 

some significance on chromosome 16p13.13. Are there any studies within 

dbGaP that might help you decide if your finding is real or novel?  

Hint: Type 1 Diabetes Genetics Consortium (T1DGC): Genome-Wide 

Association Study in Type 1 Diabetes, 2008 (pha002862.1) 
Hint: Try changing the filter of the GWAS to <10e-6 for visualisation 

Hint: 16p is the petit (shorter) arm. 
 

Answers 
Task 1: Variation in the RUNX1 gene 

Search Human Ensembl for RUNX1 to determine the gene ID and link to the 

gene view. You can then link to SNP information in Variation Table for the 

gene. Currently, a total of 153 Stops, 789 Frame shift and 995 non-

synonymous (missense).  8 have validation data (multiple observations), 

possibly rs74315451 because of PolyPhen2 and SIFT predictions, but there 

are lots of other potentially pathogenic variants! 
 

Task 2: Sequence variation in SERPINB10 

There are no ‘right’ answers to this question! 

Searching PubMed with the terms ‘SERPINB10’ and ‘polymorphism’ identifies 

a paper by Shioji et al (J Hum Genet (2005) 50: 507-515). Two cSNPs, 

rs8097425 and rs963075, are shown to have significant associations with 

prostate cancer in a Japanese cohort. These SNPs and three SNPs in 

SERPINB2 form a haplotype block which can be defined by genotyping just 

two SNPs (one in SERPINB2 and one in SERPINB10). 

 

Task 3: Does a MYH11 haplotype predispose to disease? 
There are 7 haplotype blocks as first defined in Haploview 

The SNP significantly out of HWE is rs7203040 – do you think that this could 

be important? 
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The significant SNPs are rs215571 (trending – almost significant) and 

rs2306860 (p-val 0.02). There are no significant haplotypes, though 1 

haplotype in block 5 and block 7 are trending.  

What happens to the results when you change the LD blocks? 

 

 

 

 

 

 

 

 

 

 

 

 

There are 15 tag SNPs that capture 27 SNPs typed in the region – notice that 

the unchecked HWE SNP is not included. Check the “Results” Tab to see the 

tag SNPs 

 
Task 4: T1D, MI endophenotype in dbGaP 
C16, 11.15Mb, CLEC16A – check OMIM! 


