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Bioinformatics Tools for Functional annotation 
of GWAS Practical 

Coaches: Cindy G. Boer, Linda Broer, Joost Verlouw, Joyce van Meurs 

The objective of this practical is to get acquainted with a number of online bioinformatics tools and 
databases for the annotation of GWAS polymorphisms. The practical is dived into multiple parts, 
depending on your familiarity with certain browsers and/or tools or what parts you wish to 
familiarize yourself with, feel free to skip ahead to the part(s) of interest for you.  

 Part I :  General Database use (UCSC) 
  Part II  :  Incorporating epigenetic annotation data (ROADMAP/ENCODE) 
 Part III  :  Database use, advanced example (FUMA/UCSC/ROADMAP/ENCODE) 
 
NOTE: Please use Chrome or Firefox for this practical! Internet Explorer doesn’t support all 
features. 
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PART I: GENERAL DATABASE USE 

Results from a genome-wide association study on hand Osteoarthritis 
For this first part of the practical we will be looking at the results of a (real) genome-wide association 
study (GWAS) on osteoarthritis of the hand. Osteoarthritis is a degenerative joint disease 
characterized by the breakdown of joint cartilage(chondrocytes) and the underlying bone 
(osteoblasts) in the affected joint. Osteoarthritis is a complex disease meaning that both genetic and 
environmental factors influence the disease risk, for osteoarthritis of the hand the heritability is  
estimated to be around ~60%, and well known environmental factors are obesity and mechanical 
loading.  
 
You have performed a GWAS on ~8,700 individuals, to analyse your results you have uploaded them 
into the FUMA tool (online tool for Functional Mapping and Annotation of GWAS) as you have done 
during the Monday practical. 
 
 Go to: http://fuma.ctglab.nl/  
 And Login using:  

Username:  prbiostudent01@gmail.com 
Password: Prbioinformatics2018 

 Go to “Student01”in the top right hand corner and go to the dropdown menu click on 
“SNP2GENE My Jobs” 

 Click on  “go to results” of the job with the jobID “HandOA” 
 

    

You are taken to the results of the SNP2GENE analysis. As the name suggests this section primarily 
focusses on identifying potential causal genes. Additionally it gives you some nice graphs which can 
easily be exported and used in publications (such as the Manhattan plot & QQ plots). 

1. What is the difference between the two Manhattan plots provided? 
The first Manhattan plot is a graphical representation of your input (SNP-phenotype 
association). The second Manhattan plot is a gene-based analysis using MAGMA, which aims 

http://fuma.ctglab.nl/


bioinformatics tools Practical SNP-course 2017 

3 
 

to find genes significantly associated to your phenotype by collating the information of 
multiple SNPs in these genes. 

2. How many Genome-wide significant signals do you see in the Manhattan plot 
There are 2 signals on Chr12  

Scrolling down further on this page you will get the QQ plots for your GWAS and also some functional 
analyses. In this practical we will focus on the functional analysis and annotation.  Let’s go to the 
‘Results’ button on the left side. There are many different tables here, but let’s go to the Genomic 
risk loci table.  

3. What is the most significant SNP in this GWAS and where is it located? 
The SNP is rs4764133 with a p-value of 3.445e-10. It’s located on chromosome 12. 

To get a more visual image of where your SNP is located were are now going to the UCSC genome 
browser in a new tab or window: 

 Go (in a new window or tab) to the UCSC genome browser https://genome-euro.ucsc.edu  

 
 Click on Genome Browser (first option under ‘Our tools’).  Allow yourself to be redirected to 

a closer mirror. 

Below you see the Genome Browser search window, which should also be on your screen now.  

  

https://genome-euro.ucsc.edu/
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4. Which options are available in the Assembly dropdown box? 
Dec 2013, Feb 2009, Mar 2006, May 2004, July 2003 

The different assembly releases basically have a different genome build. For this practical, you will be 
working with the Feb 2009 assembly, as the newer assembly is on a different build than you used 
for your GWAS. Now type your lead SNP from the Hand Osteoarthritis GWAS (rs4764133) and hit the 
GO button. 

5. How many search results do you obtain? Can you find out what the different results are? 
22 hits, GTEX eQTL hits, different versions of dbSNP, different ethnicities (CEU, CHB, JPT and 
YRI), and different mammals (human, chimp, and macaque) 

6. What is the difference between the two options with the newest SNP build (dbSNP 150)? 
Common SNPs (150) - SNPs with >= 1% minor allele frequency (MAF), mapping only once to 
reference assembly. 
Flagged SNPs (150) - SNPs < 1% minor allele frequency (MAF) (or unknown), mapping only 
once to reference assembly, flagged in dbSNP as "clinically associated" -- not necessarily a 
risk allele! 
 

 Go to the Simple Nucleotide Polymorphisms (dbSNP 150) Found in >= 1% of Samples 

A figure of your SNP and surrounding DNA with all kinds of information should now show up. Your 
SNP is located in the middle of the figure, and at the top of the figure are options to move your 
screen and/or zoom in/out of your picture, in the bottom track named: “Simple Nucleotide 
Polymorphisms (dbSNP 150) Found in >= 1% of the samples”.  

The UCSC Genome Browser is build-up of several tracks (Genes, mRNA, ESTs, Conservation, SNPs, 
etc.). These tracks can be added or deleted using the drop down controls below the figure.To modify 
the tracks that are displayed you can also use the grey bars on the left of the figure. By right-clicking 
on one of the bars you get options to change that specific track. By left-clicking on the bar, you get 
more information on the track, descriptions of the colours used, and more information on the 
database where the information in the track is coming from (and you can continue to the database 
itself.  

Before you do anything else, you will want to clean your screen. There is a lot of information shown 
you don’t want.  

 Below your figure is the option ‘Hide all’. Click on it 

Your figure should be empty now. Now we can build up the figure to our liking. Below the ‘Hide all’ 
option is a long list of options (tracks).  

 Select the following tracks: ‘UCSC Genes’ (pack), “RefSeq Genes” and ‘Common SNPs (150)’ 
(pack) in the variation section. (press the refresh button on the tracks to load these in the 
figure) 
 

7. What is the difference between “UCSC Genes” and “RefSeq Genes”? 
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The RefSeq Genes track shows known human protein-coding and non-protein-coding genes 
taken from the NCBI RNA reference sequences collection (RefSeq). 
The UCSC Genes track is a set of gene predictions based on data from RefSeq, Genbank, 
CCDS, UniProt, Rfam, and the tRNA Genes track 

Let’s look at where our lead SNP is located 

 Examine the figure (zoom out to see more of the genomic region 100x) 
 

8. What kind of SNP is rs4764133 and which gene(s) are surrounding your SNP? 
rs4764133 is an intergenic SNP and the surrounding genes are ERP27, MGP, ART4, C12orf60 
and  ARHGDIB 
 

9. Look at the genes in the figure. What is the difference between the thin horizontal lines and 
the much thinker horizontal lines in the gene tracks of the picture? 
Thin horizontal lines are introns, thick horizontal lines are exons (coding regions) 
 

  Go back to the FUMA results to “Genome-wide plots” the gene based Manhattan plot) 
 

10. Are these genes also in the Gene based Manahattan plot, and are they significant? 
Yes they are all found the be significant in the gene based Manhattan plot MGP, ERP27, 
ART4, CCDC91, ARHGDIB and C12orf60. 

Let’s see if we can find some more information about the genes surrounding your SNP. In the UCSC 
genome-browser look at the Genes surrounding your SNP. Let’s look at the closest gene first ERP27  

 Go to the description of the ERP27  gene in the UCSC track. Do this by clicking on the gene 
name of the upper transcript in UCSC genes track.  
 

11. What is the full name of your gene, EPR27? 
(Homo sapiens) endoplasmic reticulum protein 27, ERP 27. 

On this page, in the table under ‘sequence and links to tools and databases’ you can find links to 
other databases with more information on this gene. Due to time restraints we can’t possible 
investigate all of them. The rest of the page gives a summary of information of these databases on 
your gene 

 On this page, in the table under ‘sequence and links to tools and databases’ select the Entrez 
Gene database. 
 

12. How Many Exons does ERP27 have? 
Under the heading “Genomic Context” = 8 exons 
 

13. Can you find what is known about the function of ERP27 here?  
This gene encodes a noncatalytic member of the protein disulfide isomerase (PDI) family of 
endoplasmic reticulum (ER) proteins. The canonical protein has an N-terminal signal 
sequence, two thioredoxin (TRX)-like domains and a C-terminal ER-retention sequence. 
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Alternative splicing results in multiple transcript variants encoding distinct isoforms; some of 
which lack domains present in the canonical protein. 
 

14. Does this function suggest a functional role of this gene in Osteoarthritis? 
No, it does not ERP27 seems to be just an ER protein, no clear connection with OA  

Go Back to the UCSC genome-browser and now examine the Other genes nearby the lead SNP 

15. What are the known functions for ART4, C12orf60 and MGP? 
ART4 =  This gene encodes a protein that contains a mono-ADP-ribosylation (ART) motif. It is 
a member of the ADP-ribosyltransferase gene family but enzymatic activity has not been 
demonstrated experimentally. Antigens of the Dombrock blood group system are located on 
the gene product, which is glycosylphosphatidylinosotol-anchored to the erythrocyte 
membrane. Allelic variants, some of which lead to adverse transfusion reactions, are known 
C12orf60 = Homo sapiens chromosome 12 open reading frame 60 (C12orf60) 
MGP = This gene encodes a member of the osteocalcin/matrix Gla family of proteins. The 
encoded vitamin K-dependent protein is secreted by chondrocytes and vascular smooth 
muscle cells, and functions as a physiological inhibitor of ectopic tissue calcification. 
Carboxylation status of the encoded protein is associated with calcification of the vasculature 
in human patients with cardiovascular disease and calcification of the synovial membranes in 
osteoarthritis patients. Mutations in this gene cause Keutel syndrome in human patients, 
which is characterized by abnormal cartilage calcification, peripheral pulmonary stenosis and 
facial hypoplasia 

Another source of information on the function of genes is Gene Ontology (GO). In the Page Index 
table on UCSC you can click on ‘GO Annotations’ to find out what the GO terms associated with your 
gene are. GO terms can be subdivided in three groups, namely molecular function, biological process 
and cellular component. 

16. What are the GO terms for biological process of MGP? Does this match with what you found 
earlier? 
Biological Process: 
GO:0001502 cartilage condensation 
GO:0001503 ossification 
GO:0007275 multicellular organismal development 
GO:0030154 cell differentiation 
GO:0030500 regulation of bone mineralization 
GO:0051216 cartilage development 
Yes it matches earlier found information regarding calcification of tissues.  

Now that we know more about the genes surrounding your lead SNP, let’s see if we can find a 
potential functional link between our GWAS results and some of the genes nearby.  

 In FUMA, go to the “Results” section, there in the results tables go to the tab 
SNPs(annotation). 
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17. What does the header IndSigSNP mean? And why are there many more SNPs here than in 
your lead SNP list? (hit =  LD/r2) 
IndSigSNP indicated the independent significant SNPs in your signal, which also relates the 
much bigger SNP list you now have, which are all SNPs in LD (r2>0.6) with your independent 
significant (lead) SNP.     
 

18. Are there any SNPs which are located in an exonic (or coding) regions which are in high LD 
with any of our lead SNP (rs4764133)? And what is their GWAS P-value? 
Yes there are several: rs3088189 (ART4), rs11276 (ART4), rs1861698(ART4) and rs4236 
(MGP). (the other ones which are also exonic are not in LD with our Lead SNP)  
The GWAS P-value for all is ~10-9 so Genome-wide significant. 
 

19. Look up the SNPs from answer 17 under the “Annovar” tab, what kind of exonic functions do 
these SNPs have?   
rs3088189 (ART4)synonymous, rs11276 (ART4) non-synonymous, 
rs1861698(ART4)synonymous and rs4236 (MGP) nonsynonymous.  
 

20. What is the difference between Synonymous and non-synonymous?  
Synonymous: the changed nucleotide does not cause a change in the Amino Acid sequence 
of the protein, Non-synonymous: the nucleotide change does affect the Amino Acid 
sequence of the Protein. 
 

21. Based on the already gathered information which SNPs and genes do you think might be 
interesting to examine further? 
MGP and ART4 as both these genes were significant in the Gene Manhattan analysis and in 
both there is a coding SNP in the gene which is in high LD with the lead SNP rs4764133 

 

There is also another, way to see if your  GWAS top SNP and SNPs in LD are in coding regions of a 
gene an in  regulatory features/regions )See part II/PartIII of the preactical): HaploReg.  HaploReg 
uses data from the UCSC, ENCODE and the Roadmap Epigenetics database and cross correlates this 
with the location of your SNP.  

 Go to HaploReg V4.1 
(V4.1 is the default)  

 Enter rs4764133  in the search bar 
 Below you see the typical Haploreg output: you will see your top SNP and all SNPs in high 

LD (r2>0.8) with you top SNP 

 

http://archive.broadinstitute.org/mammals/haploreg/haploreg.php
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22.  Accourding to HaploReg in which genes does rs4764133 have coding variants?  
MGP and C12orf60 not in ART4 
 

23. Click on rs11276 to get more information about the SNP, to which genes is rs11267 
annotated? 
To C12orf60 and ART4 
 

 Go back to the UCSC genome-browser 
 In the search bar at the top of the screen above your genome-browser figure type is : 

rs11276; rs4236 

You will now see that both these SNPs are highlighted in the UCSC genome browser.  By left-clicking 
on the bars near the tracks, you get more information on the track, descriptions of the colors used, 
and more information on the database where the information in the track is coming from (and you 
can continue to the database itself). 

24. Where is rs11276 located according to UCSC? In which gene is the SNP located? 
In ART4, Haploreg has made a mining mistake, it mapped the SNP to C12orf60 instead to 
Art4. This shows that you should always check database information! 

Now that we have identified these two SNPs and examined where they are located, Let’s see if we 
can find more information about them: 

25. In the UCSC SNP track: What is the meaning of the colours of SNPs in the SNP-track? Hint: 
Use the bar on the left of the track and check under colouring options) 
Black: Unknown, Locus, intronic; green: coding-synonymous; red: coding-nonsynonymous, 
splice site; blue: untranslated 

26. What kind of SNP are rs11276; rs4236 according to their colour?  
Non-synonymous coding variant. This variant changes the amino-acid transcribed and 
therefore the protein structure, which could be harmful 

Try to get more information on your top SNP from dbSNP. To get to the dbSNP record for specific 
SNPs, click on the rs-number in the figure itself. Then click on the rsid next to dbSNP.  

 Go to dbSNP for rs4236 

dbSNP is currently undergoing changes, so the screen below might not completely match your 
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screen.  

27. What is the amino-acid change caused by this variant? 
T (Threonine) into A (Alanine) 

Now scroll down the page to the Population diversity section. Here you see the allele frequencies a 
bunch of different submitters (ss-numbers) have posted for this variant. Some of the submitters have 
provided allele frequencies in only Europeans or in multiple ethnicities grouped together. You are 
interested in the frequencies in European, East-Asian and African populations separately. 

28. Given the above, which result for the allele frequencies would you trust most? 
The results with the most chromosomes counted, in this case ss1344022934Though others 
(ExAc_Aggregated_Populations, ESP_Cohort_Populations and CSAgilent) have more 
chromosomes counted, they have not provided information on separate ethnicities 

29. What is the allele frequency of A and G in Caucasian, East-Asian and African populations? 
European (EUR) – 62% for the A allele. The A allele is more prominent in Asian 87% (EAS) less 
prominent in (45%) in African (AFR) populations 

SNP information can are also aggregated in other databases such as Ensemble: 

 Go to http://www.ensembl.org  

 In the search bar in the centre or on top of the screen search for rs11276 
 Click on the search result for rs11276 (human variant) 

 
30.  Wat is the evidence status for rs11276? Is the variant validated? 

Yes the variant has been validated in 1000Genomes, Hapmap, ESP, ExAC database, 
Frequency, cited, and has a phenotype. 
 

31. What is the consequence of this variant (what is the amino acid change caused by this 
variant and the predicted effect, benign or deleterious)? 
D (Aspartic acid) to N (Asparagine), the effect of this AA change is predicted to be 
benign/tolerated in SIFT and PolyPhen  

http://www.ensembl.org/
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Let’s recap what you have found out so far. We have found two variants in high LD with our lead SNP 
which are located in the coding regions of 2 genes and cause an amino acid change in these genes. 
You have checked the frequency and the validity of these variants. You also know the location of 
these genes and what their functions are. This has given you a lot of useful information, including an 
important clue, but you will have to link this gene to Osteoarthritis.  

To know more about diseases or traits your gene is involved in, you can also consult the OMIM 
(Online Mendelian Inheritance in Man) database. You can enter the OMIM database via the 
‘Sequence and Links to tools and databases’ table at the UCSC genome browser. Or in the Ensemble 
Browser under “phenotype data” and in the table under Source you will have a link to OMIM 

OMIM contains an historical overview of disease histories and information genes with links to 
literature. 

32. If you go to the OMIM database for ART4 and MGP, what is the accession number of the 
gene? 
ART4 110600 and MGP is 154870 
 

33. Is there anything known about diseases or traits your gene is involved in?  
Yes ART4: Blood type: DOMBRock blood group and MGP with the Keutel Syndrome 
(calcification of soft tissues).  

You are also interested in what can be learned from model organisms, in particular mice. Go back to 
the UCSC Gene information page, and in the ‘Sequence and Links to Tools and Databases’ table, you 
select ‘MGI’. This link will take you to the MGI database. This is the international database resource 
for the laboratory mouse, providing integrated genomic and biological data to facilitate the study of 
human health and disease. 

34. What does the abbreviation MGI stand for? 
Mouse Genome Informatics 

Search for your gene. Under Genome Features click on your gene symbol (first option) and read 
through the page you get. Under Mutations, alleles and phenotypes you get information on existing 
mouse models for your gene. 

35. Is there a knock-out mouse available for ART4 and MGP? What phenotypes are seen? 
Yes for  MGP Homozygotes for a targeted null mutation exhibit growth plate calcification 
leading to reduced stature, osteopenia, and fractures, and arterial calcification and rupture 
resulting in death by eight weeks of age. And for ART4: strain are available but have no clear 
phenotype.  
 

 Go Back to FUMA to the “Results” tab   

After looking into these different databases it is time to answer the most important question yet: 

36. Which of the researched genes a plausible gene for affecting Hand Osteoarthritis and why? 
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MGP, has a role in cartilage calcification there are SNPs in the coding region of the gene 
which could effect the protein.  

This is the end of Part I of the practical. The above example is real, but do note that the chance of 
finding a hit in a coded region with such an obvious effect on the gene is highly unusual. Most 
variants are not located in coding sequence. In Part II of this practical you will learn how you can still 
get more information on this locus by using a different real-life example. 
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PART II: INCORPORATING ENCODE/ROADMAP DATA INTO YOUR 
EXPLORATION 
 

The objective of this part of the  practical is to get acquainted with the ROADMAP and ENCODE data, 
which can be accessed through the UCSC genome browser. ENCODE and ROADMAP data are freely 
available for visualization and download from the UCSC Genome Browser 

Results from Genome-wide Association Studies to Blood phenotypes 
Several research groups through GWAS have found a cluster of SNPs that are associated with several 
blood cell phenotypes, such as the size and quantity of the red blood cells (Thein et al. PNAS 2007, 
Soranzo et al. Nat Gen 2009, Ganesh et al. Nat Gen 2009). The identified SNPs are rs66650371, 
rs7776054 and rs9494142. Your goal is to find a plausible explanation for the genotype-phenotype 
association, thus an hypothesis explaining how these three SNPs might influence blood phenotypes, 
using ENCODE and ROADMAP data.  

 Go to the UCSC Genome Browser (https://genome-euro.ucsc.edu/cgi-
bin/hgGateway?redirect=manual&source=genome.ucsc.edu). 

 Got to the Genome Browser  
 Go to the region of the following region: chr6:135,334,475-135,546,766. NB! Go to assembly 

hg19  
 Turn off all tracks: press “Hide All” 
 Turn on the gene annotation track: RefSeq Genes. By going to the blue dropdown menu 

“Genes and Gene Predictions” and setting “RefSeq Genes” to “Pack” and click on “refresh”  
 

1. Which genes are located in this locus?  
HBSL1 and MYB 
 
 Visualize the SNPs associated to (red)blood cell phenotypes in the UCSC browser in the 

dbSNP150 common SNPs track  (you can search for all three at the same time by typing 
the following in the search bar:  
rs66650371; rs7776054; rs9494142 (your SNPs of interest will be marked) 

 
2. Where are these SNPs located in this locus? 

The SNPs are located in a non-coding region between HBSL1 and MYB, thus located 
intergenic. 
 

3. What is known on the genes? (hint: like in the database  practical click on the gene names) 
HBSL1 gene is a member of the GTP-binding elongation factor family. MYB : Homo sapiens v-
myb myeloblastosis viral oncogene homolog and plays an essential role in the regulation of 
hematopoiesis. 

 
Since our SNPs are located between two genes it is difficult to determine which gene might be 
affected by our SNP [which gene could explain for our phenotype/is the causal gene] . One thing we 
can do is to look at the gene expression of the surrounding genes. If for instance Gene X is exclusively 
expressed in Brain cells and Gene Y always expressed in Blood cells and you have a blood cell 
phenotype. Than Gene Y would be an interesting gene to examine in further detail, opposed to Gene 
X .  
 
 

http://genome.ucsc.edu/
http://genome.ucsc.edu/
https://genome-euro.ucsc.edu/cgi-bin/hgGateway?redirect=manual&source=genome.ucsc.edu
https://genome-euro.ucsc.edu/cgi-bin/hgGateway?redirect=manual&source=genome.ucsc.edu
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4. We want to examine Gene expression data, can you find any tracks which might contain this 
data?  
Yes under the heading: Expression there are multiple tracks with this kind of information.  

 
Thus we would like to know the gene expression (mRNA expression levels). For this we will need to 
turn on a track containing gene expression data ( RNA expression ), such as RNA-seq tracks from the 
ENCODE database. Although there indeed are a lot of tracks with expression data we are specifically 
looking at the ENCODE “summary” track, which is illogically located under the heading: “Regulation”.  
 

 Go to the “Regulation”   
 Find the track: ENCODE Regulation  .  
 Click on the name “ENCODE Regulation”  you will now be able to control the display 

settings more accurately 
 Click on “Transcription” 
 Select the following cell types: K562, HSMM, NHEK and GM12878 
 Select in the Overlay method: none (to show the RNA expression levels of each cell type in 

a separate graph)  
 Select in Data view scaling: Always include Zero: ON 
 Stay in this screen !!! 

 
We want to look at the gene expression patterns of MYB and HBSL1. Since gene expression is cell 
type specific we will want to look at different cell types: a cell type representing our phenotypic 
tissue, (red) blood cells and some non-(red) blood cell types. 
 

5. What are GMI1278, K562, NHEK and HSMM?  
No red blood cell, but some white blood cells K562 (leukemia cell line) or GM12878, NHEK is 
a cell line based on kidney cells, HSMM are skeletal muscle cells  

 
There might be some other cell types which might be more suited to look at with (y)our phenotype: 
 

 Open in a new window:  the ENCODE portal (https://www.encodeproject.org/ ) 
 Go To Data – Matrix (see figure)  

 
 

https://www.encodeproject.org/
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This is the (new) depositary of all data that is generated by the ENCODE consortium. In the Data 
Matrix you can find all cell-types and experiments that are in the ENCODE data (and of which most 
are accessible through the UCSC genome browser).   
 

6. How many different biosample types are there? And what do the different biosample types 
mean? 
There are 8 different biosample types. Immortalized cell line (5102)- used in lab/for cell 
culture. Primary cell (direct from tissue, not immortalized)-1940, tissue – tissue (4300), whole 
organism – 1511, stem cell – 506, in vitro differentiated cells – 694, iPSC-135 and invitro 
sample-160 
 

7. And Is there  a cell type available that might resemble a blood cell? Would that be better 
than the cell types we already have selected (in your other window at the UCSC)? 
(Hint: use the search bar) 
Yes, example: peripheral blood mononuclear cell, ect : basically most results if you search for 
“Blood”.  Yes it would be very interesting to see this track. Or the Hematopoietic stem cell.  

 
For our Phenotypes, size and quantity of the red blood cells, RNAseq data from for example 
hematopoietic stem cells (the source of all your blood cells) would be very interesting. Or RNAseq 
from PBMCs (peripheral blood mononuclear cells) 
 

8. Is there RNAseq data available from these cell types? 
Yes. (see the experiment matrix) but the hematopoietic cells are mouse cells 

 
Although there is data available we cannot use this in the UCSC genome-browser. If you click on the 
data you will be brought to the experiment.  At the top of the page below “showing” there should be 
an option to “View” the data. If this is the case than you can click it and view the data in the UCSC-
browser.  
 
Since we do not have access to better data (data from cell types more associated to our phenotype) 
we will continue with the first selected cell types: GMI1278, K562, NHEK and HSMM. 
 

 Go back to your first window where you are in the USCC genome browser, in the ENCODE 
regulation – Transcription track 

 Now click on submit so the track are now visible in your UCSC genome browser window  
 

9. What do see in the expression patterns of the MYB and HBS1L genes? Is there tissue-
specificity in these patterns? (Hint: find out what cells are blood cells and which ones are not) 
HBS1L is expressed in all cell types, MYB expression is restricted to hematopoietic cells, with 
blood cell expression being the highest by far. (K562 and GM12878 are blood cell types)   

 
Next to ENCODE there is also a dedicated Gene expression database GTEX [The Genotype-Tissue 
Expression] database. Which is a dedicated resource to study the relationship between genetic 
variation and gene expression in human tissues. 

 Go to GTEX: https://www.gtexportal.org/home/  
 Go to the right side of the home page to “Transcriptome” 
 Type in MYB 
 Scroll down to “Gene Expression for MYB” 
 Set scale to Log 

https://www.gtexportal.org/home/
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10. In which tissues is MYB expressed? Is MYB expressed in blood?  

MYB is expressed in many different tissues, amoung is also whole blood, brain colon 
 

11. Do the same for HBS1L, where is HBS1L expressed and how is this different from MYB? 
Expressed everywhere, but least expression in blood. 
 

 Go back to the UCSC home page 
 

12. Based on the different gene expression data form the databases which gene would you think 
is more likely to be the causal gene for our GWAS SNPs, MYB or  HBS1L  
MYB, because this is a blood phenotype we are looking at and MYB is essential for the 
development of blood phenotypes and MYB is only expressed in blood cells.  

13. So MYB might be a likely candidate gene to explain our phenotype-genotype association, 
however the SNPs are located quite some distance away from the MYB gene. Think of a way 
how these SNPs could affect the MYB gene. 
The SNPs could be located in a gene regulatory region which controls the expression of the 
MYB gene, the SNPs could be located in a Transcription factor binding site and thus disrupt 
possible transcription factor binding.    

 
Next to gene expression data, there is also data in  on epigenetic markers in ENCODE/ROADMAP 
(example: histone modifications and DNA methylation). Now, to the same region we are exploring, 
let’s add epigenetic data to see if our SNPs are perhaps located in Regulatory regions (i.e  
enhancer/promoter regions)  
 

 Go to “ENCODE Histone modification” under “Regulation” 
 Click on the name “ENCODE Histone modification Tracks” 

 
14. What is the difference between Broad Histone, SYDH Histone and UW Histone (hint: the 

ENCODE project is a collaboration) 
Differences are: different cell lines Chip-Seq performed in different labs 

 
15. What kind of data is there in the Broad Histone Track?  

This track displays maps of chromatin state generated by the Broad/MGH ENCODE group 
using ChIP-seq. Chemical modifications (methylation, acetylation) to the histone proteins 
present in chromatin influence gene expression by changing how accessible the chromatin is 
to transcription. (= taken from the track description)  

 
As discussed in the lecture, one way to identify the location of possible enhancers or other gene 
regulatory regions is through histone modifications. For example it has been found that the histone 
marker H3K4me1 (Histone 3 [H3], the fourth lysine residue on the histone tail [K4] is mono-
methylated[me1]) marks enhancer regions in the DNA. Histone modification data has been 
determined by Chip-Seq data, and in the ENCODE project dozens of different histone modifications 
have been mapped (there are hundreds(!) known). It has been established that specific combinatorial 
patterns of histone modifications can indicate regions with possible functions, ranging from active 
promoters or enhancers and insulators to transcriptional silenced loci and more.  
 
Fortunately you do not need to examine all histone modifications separately, researchers of ENCODE 
and the ROADMAP project have already created  a track, the “Chromatin State Segmentation track”, 
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where the human genome is segmented based on the combinatorial pattern of histone modifications 
into possible functional elements.  
  

 (Go to “ENCODE Histone modification” under “Regulation”) 
 Go to “Chromatin State Segmentation by HMM from ENCODE/Broad” 
 Add the Chromatin State segmentation track for K562, HSMM and NHEK cells.  

 
16. Look at the Chromatin State Segmentation Track, What does the color red mean? And 

orange? And green?(Hint: look at the track description) 
Red= promoter, orange = enhancer, green = active gene transcription 

 
17. Look at the Chromatin State segmentation track. Look at regions at the start of the MYB gene 

in the different cell tissues. What does the Chromatin State track say and what is this region?  
In Blood cells you see “active promoter” and in the other tissues you see “repressed” or 
“poised promoter” 
 

18.  Does this chromatin state track data match what you found with the RNA-seq data?  
The chromatin state segmentation track shows that the MYB promoter is active in K562, 
weak/inactive in HSMM and poised in NHEK and this matches the gene expression seen. In 
K562 there is strong gene expression, in HSMM there is weak gene expression and in NEK 
there is almost no gene expression.  

 
The Chromatin state segmentation track can be used as a fast way to find potential regulatory 
regions in the genome for your own research, for example, to see if a SNP is located in a regulatory 
region such as an enhancer region.   

 
19. Let’s now look at the region where the GWAS associated SNPs are: rs66650371; rs7776054; 

rs9494142. Where are these SNPs located? and is this the case in all cell types (hint focus on 
cell types) 
rs9494142 is located in enhancers, but only in blood cells, the other two are not located in 
enhancers 

 
20. What predictions about the function of this region where the SNPs are could you come up 

with? (hint”focus on rs9494142) 
the SNPs cluster in regions predicted to have enhancer activity, but only in blood cells. 

 
Next to ENCODE, ROADMAP also has chromatin state segmentation tracks, but of more cell types 
and of more primary cells opposed to cell -lines. However the ROADMAP data is not standard in 
UCSC, if you want to access it you will need to “add” the data to UCSC yourself  
 

 Go back to the USCS genome browser window you have open 
 Go to “My Data” in the blue bar at the very top of your screen 
 Go to “Track Hubs” 
 Find the “Roadmap Epigenomics Data Complete Collection at Wash U VizHub” 
 Click on “connect” 
 If not automatically returned go to the top of your screen and go to “Genome Browser” to 

return to your image. 
 
You will now have an extra drop down menu directly below your image named “Roadmap 
Epigenomics Data Complete Collection at Wash U VizHub” 
 

 Go to “ROADMAP ChromHMM Primary Core Marks” 
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21. How Many cell types are there to pick from?  

90 
 

22. Other than the number of cell types to study what is the main difference between ENCODE 
en ROADMAP? 
Roadmap is focused on primary cell types. More tissues than lab cell lines.  
 

23. Turn on the tracks for  a blood cell type (J562 or Primary mononuclear cells from Peroheral 
blood) a brain cell ( Brain Angular Gyrus) and for a fat cell (Adipose Nuclei) 

 
24. Do you see the same results as with the ENCODE data?  

Yes very similar data just different cells.  
 
There is also another, and perhaps, faster way to see if your  GWAS top SNP and SNPs in LD are in 
regulatory features/regions: HaploReg.  HaploReg uses data from the UCSC, ENCODE and the 
Roadmap Epigenetics database and cross correlates this with the location of your SNP.  

 Go to HaploReg V4.1 
(V4.1 is the default)  

 Enter the SNPs from the last question into the Query box:  
rs66650371,rs7776054,rs9494142 

 Below you see the typical Haploreg output: you will see your top SNP and all SNPs in high 
LD (r2>0.8) with you top SNP 

 

 
 
 

25. Play around a bit with the Haploreg results, click on the SNP names to see more detailed 
annotation data for the SNP itself. What kind of data can you find in the table? 
LD information, SNP name and position, promoter/enhancer marks, gene location 
information, SNP functional information, proteins bound information.  
 

26. Looking only at the HaploReg results (the tables for rs66650371,rs7776054,rs9494142) and 
“forgetting” the data you have found earlier, which Gene would you know conclude to be 
more likely associated to your SNP, HBS1L  or MYB? Of is this impossible to tell? 

HBSL1: SNPs are in the promoter, may effect gene regulation of HBSL1.Both HBSL1 and MYB 
are correct answers, if well argumented, but the real correct answer is that it is impossible to 

http://archive.broadinstitute.org/mammals/haploreg/haploreg.php
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tell, you will need to do further research and experimentally determine which gene is involved 
in the phenotype-genotype association 

27.  Now you have used different databases to study your GWAS hit, Can you now give a 
plausible hypothesis to which gene is the most likely causal gene and how can you prove that 
the SNPS directly affect MYB or HBSL1 gene expression or regulation?( hint: if you need help 
see: http://www.jci.org/articles/view/71520 ) 
In the paper they show by 3C that the enhancer region where the SNPs are regulates the 
MYB gene and that individuals who are heterozygous or homozygous for the minor allele 
have lower MYB expression  thus MYB is indeed the gene affect by the SNP.  

 

This is the end of Part II of the practical. The above example is real, and published 
(http://www.jci.org/articles/view/71520). This research illustrates that it takes a lot of effort to prove 
how and which gene is affected by your found GWAS SNP. In the last part, part III of the practical we 
will show you another real example of how important it is to do good functional annotation of your 
GWAS hits, that not always the closest gene or the gene in which your SNPs are located is also the 
causal gene.  

   

http://www.jci.org/articles/view/71520
http://www.jci.org/articles/view/71520
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PART III: FUMA/ENCODE USE - MORE DIFFICULT EXAMPLE 
 
Now we will try to use ENCODE  to answer a specific research question taken from a recent paper:  
Smemo et al., Obesity-associated variants within FTO form long-range functional connections with 
IRX3. Nature 507, 371-375(2014) 
 

 Go to FUMA GWAS (http://fuma.ctglab.nl/) and click on ‘Browse Examples’ in the upper bar. 
There are three example GWAS sets available. For this practical we will use Body Mass Index. 
Click on it. 

Look at the Two Manhattan plots, You will notice that the strongest hit is on Chr 16 in the FTO gene. 
Multiple genome-wide association studies (GWAS) have detected an association between severalBMI 
related phenotypes and the FTO gene.  Studies in mice have suggested a link between FTO and body 
mass, although no correlation between the presence of these GWAS SNPs and FTO gene expression 
has been found.  A recent paper by  Smemo et al.,1 shows that the intronic region of FTO, which has 
been linked to obesity and contains the GWAS SNPs, is in fact an enhancer region that interacts with 
the promoter of the IRX3 gene, suggesting that the obesity-related variants belong to the regulatory 
landscape of IRX3. See if you can validate the findings of the Smemo et al. paper and answer the 
following questions:  
 

1. Find the FTO obesity associated region and try to identify possible enhancer locations for the 
known obsitiy associated SNPs: rs1421085, rs17817449  and see if the SNPs are located in 
such regions. (Hint use the chromatin state segmentation and/or Transcription factor binding 
track) 
Answer:  locate the region where the SNPs rs1421085 and rs17817449 are located, look at 
the tracks for chromatin state segmentation, DNaseI hypersensitivity, ChIP-histone marker 
and transcription factor binding tracks will show that the region of FTO is fraught with cis-
regulatory elements.  (see Image IA for example)  
 

2. Now also locate IRX3 and look at FTO, the FTO obesity associated region and IRX3. How many 
Kb (approximately) is the FTO obesity associated region away from the IRX3 gene promoter?  
~500 Kb  
 

3. Think of a hypothesis how the FTO obesity associated region (and the SNPs)could  interact 
with the promoter region of IRX3? (Hint: DNA is not a linear molecule).  
Answer: DNA is tightly packed and organized in Chromatin, it could be possible that in 3D 
configuration these two regions are in close proximity ( could be due to chromatin folding, 
TF binding etc.)  

A method to look at the 3D configuration of the DNA (the chromatin interaction) is by 3C, with this 
technique look at a certain segment of the genome and see what other parts of the genome are in 
close proximity to this part via (for example) DNA looping.  However with this technique(3C) you can 
only look at a specific part of the genome at a time, there are also techniques to look at the entire 
genome at once, such as HiC and ChIA-PET.  HiC, uses the same principle as 3C but then genome-
wide and ChIA-PET, which is similar to 3C only with ChIA-PET you look at chromatin regions which are 
in each other’s vicinity and also have the same transcription factor or DNA binding protein bound. 

http://www.nature.com/nature/journal/v507/n7492/full/nature13138.html
http://fuma.ctglab.nl/
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Example, ChIA-PET for RNA-polymerase 2 shows you regions where RNA-polymerase is bound (either 
on one or on both of the regions) and which are in close proximity to each other. In the graphical 
display,  (see image) 

the PETs (two regions of chromatin interaction) are represented by two blocks one for each end. 
These blocks are connected by a horizontal line if both ends are in the same chromosome. If the two 
ends are on different chromosomes, only one block will display. PET sequences that overlap at both 
ends form PET clusters. The number of PETs in a cluster reflects the strength of a chromatin 
interaction. Singleton PETs (PETs without a cluster) are potentially false positives, whereas PET 
clusters of more than 3 PETs could indicate genuine chromatin interactions 

In the paper they use ChIA-PET (Chromatin Interaction Analysis by Paired-End Tag Sequencing) data 
from MCF-7 cells to map long-range chromatin interactions.  You can find this track under “ENCODE 
chromatin interactions”.  

4. Turn on the ChIA-PET track for MCF-7 cells and RNA-Polymerase 2.  How is a chromatin 
interaction visualized? and when can you say there is a “true” interaction and not a false 
positive result?  
Answer:  visually the track consists of lines connected to each other, which represent 
interactions, the number of found PETs is shown as a number, this reflects the strength of a 
chromatin interaction. Singleton PETs (PETs without a cluster) are potentially false 
positives, whereas PET clusters of more than 3 PETs could indicate genuine chromatin 
interactions. 
 

5. Can you validate if there is a chromatin interaction between the FTO  obesity associated 
region and IRX3?  Also look in the ChIA-PET replicates.  
Answer:  Yes, but only in Replicate 4 there is a PET signal with a “strong” interaction. (also 
see image IB) 
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In FUMA you can also Examine Hi-C interactions from several different cell-lines in the Regional Plot 

 In FUMA go the “Results”tab 
 In the Genomic loci table search in the search bar for : rs1558902 
 Select the SNP and scroll down to “region Plot”(GWAS association) and selection only the 

options: GWAS association statistics and Chromatin interactions. Then click on plot and wait 
for the regional plot to appear 
 

7. Examine the region plot, can you confirm your results from UCSC? Are there Differences? 
It is more difficult to clearly see the looping interaction between FTO and IRX3/IRX5. Also the 
cell types are now different, You can’t really check the quality of the loopings, but it gives a 
fast and relatively nice overview.  
 

6. To investigate if IRX3 expression is linked to obesity associated SNPs,  Smemo et al., examined 
IRX3  expression in 153 human brain samples. The obesity linked SNPs were associated with 
IRX3  expression and not FTO expression. Does this fit with the ChIA-PET findings? 
Answer: Yes, if the SNPs are located in the enhancer for IRX3 gene expression you would 
expect them to influence IRX3 gene expression.   
 

7. Now also look in UCSC (& FUMA if you wish) (next to  FTO and IRX3)  at IRX5, what do you see 
in the ChIA-PET data?  
(hit:  zoom out until you see FTO, IRX3 and IRX5) 
Answer:  there is also interaction of the FTO obesity associated region to IRX5 and between 
I IRX3. This interaction actually looks stronger/occurs more in MCF-7 cells.  
 

8. Also look at the Gene Expression of FTO, IRX3  and IRX5, what do you see? 
Answer: all three genes are expressed, although it looks as if IRX5 is more strongly 
expressed than IRX3 
 

9. All of the functional experiments in the paper linking IRX3 to the obesity associated region in 
FTO have been done in mouse brain tissue, partially because IRX3 is highly expressed in the 
hypothalamus. What kind of cells are MCF-7 cells? Do you think that these cells are a good 
system to look at the FTO obesity associated region and IRX3?  
Answer: MCF-7 cells are a human breast cancer cell line, and technically no this is not a 
good model system in relation to obesity/mice brain tissue cells. It would have been better 
to look at the same tissue in man and in mice, since gene regulation/expression can be 
tissue specific. However in ENCODE ChIA-PET data is not available from human brain tissue 
(and from all of the cells from which ChIA-PET data is available only MCF-7 cells confirm 
their mice data). Or perhaps in hypothalamus cells IRX5 is not expressed at all, and because 
it is expressed here you see a stronger interaction between FTO and IRX5 than IRX3? 
 

10. In mice it has been demonstrated that IRX3  and IRX5 have similar if not redundant functions.  
What do you conclude now based on the FTO obesity associated region interactions with IRX3  
and IRX5? 
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Answer: Still it is clear that the FTO-associated SNPs interact/influence IRX3  gene 
expression. This they do through long-range chromatin interactions. If MCF-7 cells are a 
good system/representative  of ex. Brain tissue it might be worth to also look if the SNPs 
also influence IRX5, especially since IRX3 and IRX5 are redundant and usually show a similar 
expression pattern.  Further research will be needed to investigate the FTO obesity 
associated region, ex : 3C in target tissue, see if there are also eQTL between the SNP and 
IRX5.  

11. What would be needed to prove that  the FTO obesity associated region regulates IRX3 or 
IRX5 or both?  
Answer: as above 3C experiments, eQTL with IRX5, enhancer construct experiments etc.  
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FURTHER INFORMATION 

Saving ENCODE data (Saving, Downloading, Custom Tracks)   
In the UCSC-genome browser it is possible to save you browser image (for example to use in a 
publication) and/or your track settings.  
 

 Go to “My Data”, in the top menu 
 Go to “Sessions” 
 Under “session Management” you can find “Save Settings” 
 Save the current setting to a local txt. File named:  ENCODE_tutorial.txt 
 Press “Submit” to download the saved settings txt file.  

 
This text file can now be used to restore you Settings in the same menu, just upload you file and 
press “submit”, then return to the genome browser and your session will be restored.  Next to 
storing your session you can also save the genome browser image:  
 
Large images (publication quality PDF versions) 

 Go to “view” in the top menu and select PDF/PS 
 Download the current browser graphic in PDF 
 Name and save the PDF file locally.  

 
Small images (not publication quality) 
 Right click in the browser image and select “view image” a new window will be opened 
 Here you can save you image by right clicking the image and to select “save image as” 
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Websites 
OpenHelix quick reference Cards to ENCODE. 
An easy web portal to search and explore available data in ENCODE: https://www.encodeproject.org/ 
 
Nature ENCODE publication portal : http://www.nature.com/encode/ 
Contains major ENCODE publications, which are good examples of ENCODE data usage.  
 
Downloading ENCODE data and data from the 
UCSC: http://genome.ucsc.edu/ENCODE/downloads.html 
 
ENCODE user’s guide: http://bit.ly/plosENC 
 
ENCODE is not the only database which can provide epigenetic data, there are also other databases 
available through the UCSC track data Hubs:  
http://genome.ucsc.edu/cgi-bin/hgHubConnect?hgsid=394985503_0uV8xkRCOPxmeMpbHuMvF5y7X0YJ 
 
ROADMAP Epigenomics data: a similar project as ENCODE, can also be accessed through a UCSC 
browser portal: http://www.roadmapepigenomics.org/  

 
Nature ROADMAP special and paper 
Portal: http://www.nature.com/collections/vbqgtr?WT.mc_id=TOC_Nature_1502_EpigenomeRoadm
ap 

FUMA information: https://www.biorxiv.org/content/early/2017/02/20/110023  
 
GTEX: https://www.gtexportal.org/home/  
 
FANTOM 5 database: maps active enhancers: http://fantom.gsc.riken.jp/5/  
 
 

 

https://www.google.nl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCIQFjAA&url=https%3A%2F%2Fgenome.ucsc.edu%2FENCODE%2FusageResources%2FENCODE_QuickReferenceCard.pdf&ei=-BfNU6_JHIHTOdnKgdgO&usg=AFQjCNF5occBarY7qLNh4M9tdpyzm5kh_Q&sig2=lTHkFyEnsFXl-i7RmDlu7g&bvm=bv.71198958,d.ZWU&cad=rja
https://www.encodeproject.org/
http://www.nature.com/encode/
http://genome.ucsc.edu/ENCODE/downloads.html
http://bit.ly/plosENC
http://genome.ucsc.edu/cgi-bin/hgHubConnect?hgsid=394985503_0uV8xkRCOPxmeMpbHuMvF5y7X0YJ
http://www.roadmapepigenomics.org/
http://www.nature.com/collections/vbqgtr?WT.mc_id=TOC_Nature_1502_EpigenomeRoadmap
http://www.nature.com/collections/vbqgtr?WT.mc_id=TOC_Nature_1502_EpigenomeRoadmap
https://www.biorxiv.org/content/early/2017/02/20/110023
https://www.gtexportal.org/home/
http://fantom.gsc.riken.jp/5/
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