
                                                                                                                                  Appendices                                                                                         

 vii 

Appendix I: Viewing Protein Structures 
 
For some proteins the position of the non-synonymous amino acid 
substitutions can be visualised in the 3-Dimensional structure of the protein.  
The structure of SH2D1A has been solved and we will look at it using a piece 
of standalone software called SwissPDB viewer or Deepview.  This software 
is freely available to download from Expasy (http://www.expasy.org). 
 
The first step is to download the file containing the structure of SH2D1A, this 
can be obtained from the Protein Data Bank (PDB) which is a repository of 
solved protein structures.  The PDB is linked from the Ensembl Gene Report 
page. 
 
CHECK GENE ID 
 
 Return to the Ensembl Gene Report page for SH2D1A (Ensembl Gene Id = 
ENSG00000183918 ) and find the PDB links. Click on ENSP00000360181, 
then under the external references tab on the left side of the page, click on 
external identifiers. Scroll down the page to find the PDB links. 
 
 
 
 
 
 
 
 
There are six PDB files linked to SH2D1A, these represent different 
structures. By following these links to PDB you can see that 1D4T is the 
crystal structure of the XLP Protein SH2D1A in complex with a SLAM peptide. 
 
 

 
 

1. Follow the 
link to the PDB 
entry for 1D4T 
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Summary 
information for 
the structure 

2. Follow the link to 
Download files and 
select PDB file 
(Text) 
 



                                                                                                                                  Appendices                                                                                         

 ix 

 
We now need to open the PDB file in Deepview, a shortcut to which is on the 
desktop of your PC.  To open the file, perform the following steps: 
 
1.  Open Deepview 

2.  From the File menu select Open PDB file and open the downloaded PDB 

file (1D4T.pdb) 

3.  From the Wind menu turn on Control Panel window 
 
 
 
 
 
 
The Toolbar determines the function of the left mouse button when the 
structure window is active. 
 
 
 
 
 
 
 
 
 
The crystal structure of the XLP Protein SH2D1A in complex with a SLAM 
peptide, these can be distinguished by assigning different colours to each 
chain and the polymorphic amino acids – residues 32 and 68 of the SH2D1A 
chain identified by adding labels: 
 
4.  Use the Control Panel to colour the SLAM peptide 

5.  Use the Control Panel to turn off backbone and side chains except 

polymorphic residues for SH2D1A and show ribn for all.  
6.  Use the Control Panel to turn on the labels and VDW for the polymorphic 

residues.  This is done by locating the desired residue and clicking in the labl 

column and ::v column. Select ::v for the SLAM peptide. 

 

 

 

 

 

 

 

Toolbar 

Structure 
window Control 

Panel 

Move  

Centre Rotate 

Zoom  
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4. The crystal structure of the XLP protein SH2D1A in complex with a SLAM 

peptide. These can be distinguished by assigning different colours to each 

chain and the polymorphic amino acids – residues 32 and 68 of the SH2D1A 

chain identified by adding labels: 

5. Use the Control Panel to colour the SLAM peptide,. 

6. Use the Control Panel to turn off backbome and side chains except 

polymorphic residues for SH2D1A and show ribn for all. 

7. Use the Control Panel to turn on the labels and VDW for the polymorphic 

residues. This is done by locating the desired residue and clicking on the labl 

column and ::v column. Select the ::v for the SLAM peptide. 

8.  For aesthetics, use Display to use open GL rendering and render in solid 

3D. Rotate the molecule and zoom in to see position of the residues. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R32 
Residue 

T68 
Residue 
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Appendix II: Comparative Genomics 

I: Genome sequence comparisons and the identification of conserved 
regions using pre-calculated alignments.  

There are now dynamic whole-genome navigation tools available that can be 

used for visualizing and studying evolutionary relationships between 

vertebrate and non-vertebrate genomes.  These tools have pre-calculated 

alignments for a variety of sequenced genomes and may obviate the need for 

completing such alignments yourself.   

N.B.  Genome assemblies are constantly updated, and you may not be able 

to access the most recent assemblies when using pre-calculcated alignments.  

If you think that this may affect your results, then please prepare the genome 

alignments yourself using sequences from relevant species.  This can be 

done at web-sites such as Vista, PipMaker or zPicture, and an example of this 

follows in this module.   

You can identify conserved regions using pre-calculated alignments at the 

Vista genome browser.  Another browser that can be used for such analysis is 

ECRbrowser. 

1. Starting at the Vista homepage select Vista Browser under Pre-

calculated Whole Genome Alignment option. 

 

1. Press GO.  

Step 2: 
Enter the 
chromosome co-
ordinates for the 
MITF under Position 
(chr3:69871323-
70100176) and 
select the option to 
use VISTA tracks on 
UCSC browser 
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2. You will be automatically directed to the UCSC genome browser.  Use 

the controls to displays vista plots for your species of interest and to 

optimise the UCSC genome browser with your preferred tracks. 

 

In this example, I have chosen to display the pre-calculated genome alignment results for 
Human vs: Mouse, Rat, Chicken and Opossum, as well as UCSC known genes, the 
location of SNPs and Repeats. 

The "peaks and valleys" graphs represent percent conservation between aligned 
sequences at a given coordinate on the base sequence. Multiple alignments that share 
the base sequence can be displayed simultaneously, one under another. The top and 
bottom percentage bounds are shown to the right of every row. These bounds can also 
be adjusted (see how to adjust curve settings). Regions passing a threshold of > 70% 
identity over 100 bp are coloured.  Pink – intragenic conserved regions, blue exonic-
conserved regions, light blue – conserved UTR. 

The order the species can be altered by using the arrows on the right hand side of the 
image. 

The main advantage  of using the Vista Browser in the UCSC browser 
is that you can compare the genomic location of a variety of features. 
For example, most conserved regions identified using PhastCons or 
5 x regulatory potential track or even Self-Chain. 
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In this example, I have zoomed in on an intragenic conserved element in the MITF gene, and 
also displayed results from the Most Conserved Track, experimentally conserved 
experimentally confirmed DNase hypersensitivity sites and the 5 x Regulatory Potential 
information.   

5. Select the track name on the lhs of one of the vista alignments to obtain 

additional information about the conserved regions. Click on the human-

mouse alignment. 

 

 

Here you have a list of genome co-ordinates for the conserved regions in human and mouse.  
This data can be transferred to a Microsoft excel spreadsheet for additional analysis. Such as 
comparing with the conserved regions identified using an alternative method such as the ECR 
browser 

Step 6: 
Select Get 
CNS:human-mouse 
to access the 
genome co-
ordinates for regions 
that appear to be 
conserved between 
the two species 
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zPicture: To manually upload genome sequence to identify conserved 
regions. 
 
In this example we will use zPicture http://zpicture.dcode.org/.  We will upload 

the human sequence for the MITF directly from the UCSC website; this will 

automatically create an annotation file for us.  We will align this sequence to 

the orthologous region in the mouse. 

 

 

 
 
 

 
 

You have the 
option to align 2, 
3 or more 
sequences 

Step 1. Click on 
the UCSC 
hyperlink so the 
co-ordinates for 
human MITF can 
be located.  

Step 2. Click on 
Genomes to 
access the human 
genome sequence 

Step 3. Choose 
your species 
(Human) and enter 
the HGNC name 
for your gene 
(MITF), press 
Submit. 
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Step 5. Zoom out 1.5x and copy the chromosome ordinates (Ctrl-C) from the 
position field (you may want to keep this page open in a separate window). 
 
 

 
 
 
 
 
Return to the zPicture server. 
 

Step 4. Choose 
Known Gene MITF 
with the longest 
transcript 
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Alternatively you can paste your sequence of interest into the box, upload 
from a file (sequences need to be in Fasta format) or input an NCBI accession 
number. 
 
 
 

 
 
 
 
TIP:  It is essential that the assemblies from which you extracted the genome 

coordinates for your gene of interest match those in the submission form at 

zPicture.  In this case we are using the Mar. 2006 assembly of the human 

genome sequence. 

Step 6. Click on 
Upload to access 
sequence 
information from 
UCSC 

Step 7. Select your 
Organism (human), 
type of annotation 
file, and paste the 
co-ordinates that 
you copied from the 
UCSC browser and 
then submit your 
request for 
verification.  
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Step 8. Press submit 

 
 
 

 
 
 
NOTE: - when the sequences are downloaded from UCSC the sequence is 

automatically softmasked (repeats are changed to lower case rather that Ns).  

 

Step 10. Repeat the process for the second sequence using the mouse Mitf 

sequence. 

A fasta file (seq1.fa) of the genomic sequence has been 
generated as has an annotation file for the region (anno1.txt) 

Check that the 
sequence file 
and annotation 
file have been 
uploaded.  This 
procedure can 
also be repeated 
for additional 
species. 

Step 9. Choose to 
mask human 
repeats.   
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A variety of results are 
presented.  You can: 
 
View the alignment of the 
genome sequences. 
 
View a dot plot of the 
sequences. 
 
Alter the annotation files or 
sequence titles. 
 
Analyze the sequences for 
conserved transcription factor 
binding sites using rVista. 
 
View the evolutionarily 
conserved regions (ECRs) as 
alignments or lists. 

Step 11. Click on 
the dynamic 
visualization. 

It is possible to alter the visualization.  The graph can be smoothed to 
look like a VISTA plot (smooth graph).  The graph can be widened or 
reduced.  The parameters through which an ECR is identified can be 
altered (ECR length and ECR similarity).  The graph height can also be 
altered. 
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This will give you information about the ECR: 
 

 
This is the basic form of zPIcture.  Adapting for more complex analysis is 

simple.  For instance, for more than 2 sequences use multi-zPicture and 

follow the instructions. 
 

zPicture also allows for regulatory information to be added.  Simply return to 

the results page and click on "submit alignment to rVista" and follow 

instructions. 

Step 12. Click on 
any ECR. 

Legend explains 
colour coding. 
 
Direction of gene 
transcription is 
indicated by blue 
arrows in the gene's 
structure. 
 
ECRs are displayed 
in brown. 
 
RepeatMasking is 
shown in green. 

Alignment between 
the two species for 
the ECR. 
 
The sequence of the 
ECR in fasta format 
(can be used for 
primer design, 
BLAST, etc.). 
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Finally, 

If you are performing large scale comparative analysis you may wish to 

compare different datasets, for shared or varied features.  It is possible to 

perform such types of analysis if the dataset are lists of genomic co-ordinates.  

For example, you wish to determine which of the “Most Conserved” regions of 

the human genome are exonic.  This type of analysis can be performed using 

the suite of Comparative Analysis programmes hosted at Galaxy 

(http://www.bx.psu.edu/cgi-bin/trac.cgi) 

Unfortunately we don’t have time to cover this programme in detail.  In brief, 

this programme allows you to: 

• download multiple fragments of the genome sequence simultaneously 

• download genomic features from the UCSC genome browser  

• perform phylogenetic analysis 

• analysis sequence properties and characteristics using the Emboss 

suite of analysis programmes 

• compare different datasets of genomic co-ordinates for overlapping 

regions, different regions, proximal regions etc., 

Should you wish to know further details about this programme please don’t 

hesitate to ask. 
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II: Do it yourself! 
A variety of different programs can be used to compare genome sequences, 

with the most commonly used programs being Zpicture, Vista and PipMaker.  
All of these websites have comprehensive notes that explain the underlying 

processes that generate the alignments.  There are five steps to be completed 

when conducting comparative genome sequences analysis.  They are: 

i) Extracting the base sequence  

ii) Generating an annotation file to highlight the location of exons. 

These files are automically generated by zPicture, but must be 

generated when performing multiple genome sequence alignments 

in either PipMaker or Vista. 

iii) Extracting additional sequences to compare to the base sequence.  

This can be done a number of different ways: each of which will be 

demonstrated to you. 

iv) Masking out repetitive sequences. 

v) Finally, completing the sequence comparison. 

 

 Further details on how to extract, annotate, repeat mask, and align 
sequences can be found below.  Please feel free to complete this task in 
your own time.  Also, any of the instructors will be able to help you with 
this. 
 

i) Extract the base sequence  

When analysing genome sequences zPicture there are three possible ways to 

enter your genomic sequence to be analysed.  They are: 

- by using genome sequences that you have exported from another 

source 

- by using a GI (accession) number 

- by uploading the sequence directly from the UCSC genome browser 

(as we did in the previous section) 

 

To export the base sequence (genome sequence 1) from Ensembl go to the 

GeneView page for your gene of interest, in this case MITF in human 

Ensembl. 
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Select your 
transcript 

Click on export 
data 
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Select fasta, cDNA 
and flanking 
sequence 

Click on text 
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Copy and paste this 
sequence into a text 
editor (preferably NOT 
Microsoft Word) and 
save as a text file (e.g. 
MITF.txt) 
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Other methods for extracting genomic sequences will be covered in section iii. 

 

ii)        Generate an annotation file  

(N.B: This is ONLY necessary when using PipMaker and VISTA and will not 

be completed in today’s demonstration) 

 

The annotation file identifies the position of the exons of your gene of interest 

(cDNA sequence) in the base sequence (gene sequence 1).  The annotation 

for both PIP and VISTA requires an alignment between the cDNA sequence 

and the base genomic sequence.  There are 3 places do this  

a SPIDEY – see module 3  

b SIM4.  Generates the output in the correct format (beware – SIM4 

can be a bit temperamental). 

c Ensembl (does it all for you!) 

 

Using SIM4  
Export the cDNA sequence as above. 

 
 
Bring up Sim4: http://pbil.univ-lyon1.fr/sim4.php 
 

 
 
 
 

 
Cut and paste cDNA 
sequence and 
genomic sequence, 
scroll down and press 
submit. 
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Alignment information: 
 
Check the matches are 
100% and that the entire 
cDNA is aligned. 

 
Choose to view 
SIM4 alignment 

 
Scroll down to bottom and find 
results in annotation format for PIP 
and VISTA.  Cut and paste into a 
text editor and save as text file. 
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Using Ensembl 
 
Go back to the Export page for MITF (starting from the GeneView page). 
You will need to use archive for this as the current release (52) does not yet 
have this functionality. 

 
 
 

 
 
This produces two files, the base genomic sequence and the annotation file, 

which can be saved as text files and used in any of the comparative analysis 

packages 

 
iii)        Extracting additional sequences 
Repeat this process for each genome sequence required, remembering you 

can toggle between species using the predicted orthologue section of the 

GeneView page.  However, if the orthologous gene of interest is on the 

opposite strand, you will need to export your sequence from UCSC (not 

covered).  This is a key difference between exporting in Ensembl and the 

UCSC. 

 

 

 
Export as Pip 
 
Show context of 10000 bp 
either side of feature  
 
Choose either 
PipMaker/zPicture  
OR Vista 
 
Export individual files 

 
Export individual files (right 
click and "Save target as..." or 
similar. 
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iv)        Mask out repetitive sequences 
N.B: Again, this is not necessary when using zPicture and will not be 
included in today’s demonstration. 
For PipMaker, the base genome sequence needs repeatmasking   can be 

done at http://www.repeatmasker.org/cgi-bin/WEBRepeatMasker .  For 

VISTA, and zPicture repeats are masked out during the submission process. 
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Appendix III: Genotyping and Primer Design 

Genotyping samples 
Once you have identified the polymorphisms you are interested in you 
probably want to look at them in your samples. In recent years there has been 
an explosion in genotyping techniques and technologies. It is now possible to 
quickly genotype a single SNP or hundreds of thousands of SNPs in one go. 
Specialist courses are available to learn about these so we’ll present a quick 
overview here. For most of these applications, the manufacturers provide 
specialist software for assay design, design assays themselves or offer pre-
developed assays.  
 
Low Throughput Genotyping 
 
RFLP – PCR of amplicon containing SNP, restriction enzyme digestion and 
then gel electrophoresis.  
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/R/RFLPs.html 
 
Minisequencing – A primer abuts the polymorphism and a sequencing 
reaction is performed only with labelled dideoxynucleotides (ie only the 
polymorphic base is sequenced). Can be multiplexed. 
http://www.medsci.uu.se/molmed/PEK/HM_Syvanen1999.pdf 
 
TaqMan – SNP specific probes hybridise to target and fluorescent tags are 
released by exonuclease activity of Taq polymerase. Assays available off the 
shelf and also by design. SNPbrowser software is an excellent tool for 
identifying SNPs of interest with off the shelf assays available. 
http://www.appliedbiosystems.com/ 
 
Medium Throughput Genotyping 
 
Mass Spectroscopy – Different SNPs are detected based on the different 
masses of the polymorphic bases. 
http://www.sequenom.com/applications/high_performance_genotyping.php 
 
High Throughput Genotyping 
 
Parallele –  Molecular inversion probes. Oligonucleotide probe central to the 
process undergoes a unimolecular rearrangement from a molecule that 
cannot be amplified into a molecule that can be amplified. Up to 20,000 SNPs 
per reaction. 
http://www.affymetrix.com/technology/mip_technology.affx 
 
Illumina Bead Array – Bead-based microarrays. 317,000 and 550,000 human 
SNP chip available. Smaller custom arrays with up to 1536 SNPs also 
available in 8, 16 and 96 sample formats and with 7,600-60,000 SNPs in 12 
sample format.  
http://www.illumina.com/technology/life_sciences/tech_life_genotyping.ilmn 
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Affymetrix – Microarray based genotyping by hybridisation to 25mer probes. 
One chip available with 500,000 human SNPs on. Custom arrays with fewer 
SNPs also possible.  
http://www.affymetrix.com/products/index.affx 
 
 

Primer Design 
 
 
Genotyping using techniques such as RFLP and minisequencing require a 
preliminary amplification of the target SNP and it’s surrounding area. The 
most commonly used tool for primer design is Primer3: 
 
http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi 
 

 
 
More details of options are available at: 
 
http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www_help.cgi 
 

Select the 
appropriate 
mispriming 
library 

Enter target 
sequence 

Select options 
and then hit ‘pick 
primers’ 



                                                                                                                                  Appendices                                                                                         

 xxxii 

 
 

No acceptable primers 
found. Looking at the 
statistics suggests why this 
may be. 
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Use the Back button on 
your browser. Try altering 
the parameters and trying 
again. For example, here 
product size has been 
increased. 

Primers successfully 
designed. 

Alternative designs 
are also listed. 
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Exoseq Primers 
 
If you are interested in trying to amplify human exons then it might be possible 
to skip using Primer3 and use primers that have already been tested. The 
ExoSeq project at the Wellcome Trust Sanger Institute has already designed 
and tested primers for many human protein coding genes.  
Protocols are available at: 
 
http://www.sanger.ac.uk/humgen/exoseq/protocols.shtml 
 
You can search for primers for the gene of your choice at: 
 
http://www.sanger.ac.uk/cgi-bin/humgen/exoseq/search 
 

RFLP Design 
 
Some polymorphisms can be detected by RFLP. The best way to check this is 
using a website to screen your sequence for restriction enzyme sites. 
 
http://www.firstmarket.com/cutter/cut2.html 
http://tools.neb.com/NEBcutter2/index.php 

 
 
 

Paste your wild type 
sequence into the box. 
The polymorphic base 
has been highlighted in 
red. 
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NEB cutter returns a list 
of restriction enzyme 
sites. 
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Paste your variant 
sequence into the box. 
The polymorphic base 
has been highlighted in 
red. 

NEB cutter returns a list of 
restriction enzyme sites. 
The variant base introduces 
a novel site. This can be 
used as the basis for an 
RFLP assay. 
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Determining rs# for older SNPs 
 

In older papers interesting SNPs are often identified with reference to their 

position in a given transcript, eg A49T or 49A>T and not with an rs#. Given 

the constantly evolving nature of genome annotation it is often not obvious 

which transcript or start site genic co-ordinates refer to. If you are particularly 

interested in using them in your study a little detective work is required to find 

what their rs# is for high throughput assay design and for publication (journals 

are increasingly requiring rs#). 

 

1) Identify the rough location of the SNP. You can do this by finding 

the primers used to amplify the SNP in the original paper(s). For 

example you are interested in an IL1B SNP is described as at 

"position +3953 in exon 5". Firstly identify papers describing this 

SNP using PubMed (try search terms like “IL1B polymorphism 

3953”). 

 

 
 Check the methods for the relevant primer sequences: 
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2) Perform BLAT searches (http://genome.ucsc.edu/cgi-bin/hgBlat) to 

find the genomic location of the primers. 

 
3) Enter start and finish co-ordinates for fragment (start of one primer, 

end of the other, whatever spans the biggest area) in Ensembl. 

4) Simply click on anywhere is chromosome 2 and change the co-

ordinates to 133306748 – 11 

5) Switch on SNPs in the Features list. Click on SNPs to see which 

one has the right base changes. If there are still multiple options the 

SNP properties link will give you flanking sequence etc so you can 

see if for example a restriction enzyme used in the original 

genotyping assay will work or not. 
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6) Copy the SNP and flanking sequence from the Ensembl SNPView 

page, by clicking on variation properties. 

 
 

 

 

 

 

7) Paste the SNP sequence into NEBcutter 

(http://tools.neb.com/NEBcutter2/index.php). Change the ambiguity 

code to the wild type allele and press “submit”. Repeat with the variant 

allele and look to see if the expected restriction enzyme cuts/doesn’t 

cut each allele. 
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So the IL1B SNP at "position +3953 in exon 5" is now known as rs1143634. 

NEBcutter can also be used to design your own RFLP tests if you are only 

interested in genotyping a handful of SNPs. Simply paste both alleles in and 

see if there is any differential digestion. 

 

 

 

 

 

 

 

The wild type, G, allele creates 
a Taq I site as expected 

The variant, A, allele has no 
Taq I site as expected 
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