Appendices

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.

SH2 DOMAIN PROTEIN 14 [wi
PDB:

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

< & ® nttp:/ jwww.rcsb.org/pdb/cgi/explore.cgi?pdbld=1D4T ||nk to the PDB
Most Visites d Getting Started  Latest Headlines  Apple Amazon eBay Yahoo! News
ey | - entry for 1D4T
#  MyPDB —
B ]
5 An Information Portal to Biological Macr I lar Structures

As of Tuesday Aug 25, 2009 [ there are 59790 Structures @ | PDB Statistics @

mmmmmmm

[E) isplay Files v
CRYSTAL STRUCTURE OF THE XLP PROTEIN SAP IN COMPLEX WITH A SLAM PEPTIDE 1d4t soomncaariesy

DOI:10.2210/pdb1d4t/pdb

Crystal structures of the XLP protein SAP reveal a class of SH2 domains with extended, phosphotyrosine-

Poy, F., Yaffe, M.B.., Sayos, )., Saxena, K., Morra, M./, Sumegi, J.", Cantley, L.C.", Terhorst, C., Eck, M.J.
(1999) Mol.Cell 4: 555-561

PubMed: 10549287 @

Search Related Articles in PubMed
PubMed Ab:
SAP, the p: gene mutated in X-linked lymphoproliferative syndrome (XLP), consists of a single SH2 domain that has been shown

ct of the te
to bind the cytoplasmic tail of the lymphocyte coreceptor SLAM. Here we describe structures that show that SAP ..
Read More & Search PubMed Abstracts ]

E]

ssification:  Signaling Protein
re Weight: 12983.03
e: T CELL SIGNAL TRANSDUCTION MOLECULE SAP
1 Type: polypeptide(L) Length: 104

s: A
ent: SH2 DOMAIN (RESIDUES 1-104)

e: SIGNALING LYMPHOCYTIC ACTIVATION MOLECULE
7 Type: polypeptide(L) ength: 11

Oligomeric State: DIMERIC

s: B
ment: SLAM TAIL PEPTIDE (RESIDUES 276 TO 286)
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Summary
information for

Display Files v the structure
1 4t Download Files ¥

FASTA Sequence 2. Follow the link to
Download files and

e select PDB file

mmCIF File

mmCIF File (gz)
PDBML/XML File
PDBML/XML File (gz)

Structure Factor (Text)

Structure Factor (gz)
Biological Unit {(gz)
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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

Structure
window Control

Toolbar Panel

i DeepView / Swiss-Pd’sViewer 3.7 (SP5) M Control Panel

File Edit Select BuilgTools Fit Display Color Preferences SwissModel Window| Help
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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 /abl
column and ::, column. Select the ::, 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.

VISTA S

bl VISTA Home  PGA Home  Servers Browser
VISTA Browser Hum/Mus/Rat Methods

Attention: This page provides access to the new and improved VISTA Browser (VGB2). To use this browser, Java 2 must be installed on your computer (installation

Enhancer DB FAQ Contact
Help

Drosophila

instructions). If you have problems with the browser, the installation process, or would like to make any comments, please contact vista@lbl.qov.

To browse whole-genome alignments, please select a base genome and enter a RefSeq gene name or a position (e.g. chrX:1-100000) on this genome: step 2:
Enter the
Base genome Position
Human May 2004 v |[chr3:69871323-70100176 chromosome co-

OVISTA Browser (Requires Java2) ordinates for the
B By “m\ MITF under Position
(chr3:69871323-

WHOLE GENOME COMPARATIVE ANALYSIS OF THE HUMAN GENOME 701001 76) and
From this page you can access the results of alignments of the Human May 2004 (UCSC hg17) genome with the following genomes: .
select the option to

use VISTA tracks on
UCSC browser

o The Mouse Aug. 2005 (UCSC mm7) genome produced by NCBI and provided by University of California, Santa Cruz.
« The Mouse May 2004 (UCSC mms) genome produced by NCBI and provided by University of California, Santa Cruz.

 The 3.1 release of the whole rat genome (UCSC m3) produced by the Rat Genome Consortium in June 2003.

e i Ccronas 200 dcad b DO it G Loctiio 0Gn |

1. Press GO.

Xi
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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.

|chr3 pi4t-p1s I 0 K] WA BN T BN ERVCEN W

Track 779

House dug. 2005 E‘

4 alignnents

Track 22

Rat June 2003 @
rd (8

2 alignnents 2]

Track 13

Chicken Feb. 2004 4} &

chriz 0 2]

15325527-15339600

Track 183
Chicken Feb. 2004 |

1l NI (o
et st L ]| |l J\ ﬁ i MM i ﬂ “ |lI ,|
J

Track 328 L | | 0}
gp:ﬁ;x mg;:s. 2004 | J 1} n | | i n
TR0 R T R Y Al & b bl B e 4§ Ly
chr3: 699000089 SQSSSTBSGBPIN ke 736:?:??\ 766858000] 761080060

rkers|on Genetic (blue) and Ra unlngbmu (black) Maps 0 i

1
UCSC Known Genes (June, 8S) Based on UniFrot, RefSed, and GenBank mRNA
T

STS Markers 1

MITF b

MITF }

MITF |

MITF |

MITF b
BCO12565 Hi
Simple Nucleotide Polumorphisms (SNPs)
R VTR DRTUH TV A T U ARATTICR T TN L LT LT LU RCTO LR R T (T VT T UCTECTT T Tt T LTINS T T R TR YL LUV R (TN L L R AR )
Repeat ing E lements by RepeatMasker
Repeattiasker  WINIL NSINOET (000 RVCN0MO0RE OO0 000 L] W00 ne (UL RTVRIL AT T LR TR L RUTIR T IRR T LR TR

In this example, | 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, | 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 |hs of one of the vista alignments to obtain

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

mouse alignment.

You are browsing Human May 2004

aligned with:
mouse Mouse Aug. 2005
using the SLAGAN alignment program

human chr3:70,011,178-70,028,129

=< =

VISTA tracks on UCSC VISTA Browser

Change Annotation: | Select Annotation v

Download RefSeq genes Get CNS: human-mouse /

Location on human Location on mouse Alignment

chr6:98,029,337-98,046,429 (+)
Sequence (softmasked)
length: 17.09Kb

chr3:70,011,178-70,028,129 (+)
s el o Alignment: human-mouse

Sequence (softmasked) VISTA Browses )th A: human-mouse
length: 16.95Kb CNS: human-mouse
rVISTA:  human-mouse
PDF: human-mouse

Step 6:

Select Get
CNS:human-mouse
to access the
genome co-
ordinates for regions
that appear to be
conserved between
the two species

70027032 (98045161)

72.7%

Total 2252bp at

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
browser
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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.

Instructions human-rat-fugu and human-rat GATA3 ali Description

zPicture is a dynamic alignment and visualization tool that is based on blastz alignment program utilized by PipMaker. zPicture
alignments can be automatically submitted to rVista 2.0 to identify conserved transcription factor binding sites.

Genome Research, 14(3), 472-477, (2004)

multi-zPicture: multiple sequence alignment tool
SEQUENCE 1 2 SEQUENCE 2
Upload sequence and gene annotation from

Upload sequence and gene annotation from
UCSC Genome Browser

1

UCSC Genome Browser
-or- \ -or-

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

@ Paste sequence
(in FASTA format @)

@ Paste sequence

“QFASTA format @)
Cor- -or-
(O FASTA file (.fa)

{Choose File ) no file selected O FASTA file (.fa) cose File ) no file selected

-or-

() NCBI accession # () NCBI accession #

k]

Repeats:
O Repeats are identified by lower-case letters

OPTIONAL :: ANNOTATION 1

4

Repeats:

OPTIONAL :: ANNOTATION 2

(O Repeats are identified by lower-case letters
s |

® Mask repetitive elements | no masking %)

@ Mask repetitive elements = no masking

Gene annotation (if any): @ Gene annotation (if any): @

@ Paste @ Paste

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

O File  (Choose File ) no file selected O File  (Choose File) no file selected

Select [ to run "fast" BlastZ on microbial-size genomes
Select (] to perform "chained" (global) blastz alignment

SUBMIT

JCSC Genome Bioinformatics

Genomes - Blat - Tables - Gene Sorter -

PCR - Proteome - FAQ - Help

About the UCSC Genom¢ Biotaformati

This site contains the reference sequence and working draft assemblt

collection of genomes. It also provides a portal to the
ENCODE project.

‘We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over chromosomes, showingthe
work of annotators worldwide. The Gene Sorter shows expression, homology and other information on groups of genes that can be

related in many ways. Blat quickly maps your sequence to the genome. The Table Browser provides convenient access to the underlying
database.

Home Genomes Blat Tables Gene Sorter PCR

Session FAQ Help

Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

clade genome assembly

v Mar.2006 v MITF

position or search term image width

1000

Vertebrate v Human

submit

Click here to reset the browser user interface settings to their defaults.

add custom tracks ] [ configure tracks and display | [ clear position l

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

Xiv



UCSC Genes

MITF (uc003dof.1)

at chr3:70068443-70100177

MITE (uc003doe.1)

at chr3:70068443-70100177

MITF (uc003dod.1)

at chr3:70010946-70100177

MITF-C

(uc003doc.1) at chr3:70008181-70011224

- microphthalmia-as
— microphthalmi
— microphth, 1

MITF (uc003dob.1l) at chr3:69998132-70100177
MITF (uc003doa.l) at chr3:69895652-70100177
MITF (uc003dnz.l) at chr3:69871323-7010017

TYR (uc001ipcs.1)

at chrll:

88550688-88668575

- tyrosinase precursor

Appendices

Step 4. Choose

with the longest
transcript

Known Gene MITF

iated transcription factor
ssociated transcription factor

Ophthalmia-associated transcription factor
icrophthalmia-associated transcription factor
- microphthalmia-associated transcription factor

PIAS3 (ucO00leoc.l) at chrl:144287345-144297903 - protein inhibitor of activated STAT, 3

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).

Home Genomes Blat  Tables Gene Sorter PCR DNA Convert Ensembl NCBI PDFIPS Session Help
UCSC Genome Browser on Human Mar. 2006 Assembly
move zoomin 200m out
P e et Nci3:69.814.109-70.157.391 size 343,283 bp.
|chr3 (p14.1)
N chr3:  63850000] 6aa00000] 221 | gassoono] 70000000] 70050000] 70100000] 70150000
UCSC Gene Predictions Based on RefSeq, UniProt, GenBank, and Ccmparatlve Genomics
L
[
MITF | e
MITF = o
MITF-C H MITF fit
MITF | —
MITF |
15580 >4
Vertebrate Multiz Alignment & PhastCons Conservation (28 Species)
Mammal Cons " ' W | H‘A
ool dd i A
Vertebrate Cons m
el ) ]Hull WJMM..L.A Ll JLLMJ g M ium m N

Return to the zPicture server.
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http://www.dcode.org - Cormparative ¢

Description

Instructions human-rat-fugu and human-rat GATA3

zPicture is a dynamic alignment and visualization tool that is based on blastz alignment program utilized by PipMaker. zPicture

can be at to Vista 2.0 to identify conserved transcription factor binding sites.

Genome Research, 14(3), 472-477, (2004)

Appendices

multi-zPicture: multiple sequence alignment tool

1] SEQUENCE 1 2

__ SEQuENGER— |

Upload ™ lence and gene annotation from
UCSC Genome Browser

-or-

Upload sequence and gene annotation from

UCSC Genome Browser
—or-

® Paste sequence ® Paste sequence
(in FASTA format @) (in FASTA format @)
-or - -or-
O FASTA file (.fa)  (Choose File ) no file selected O FASTA file (.fa)  (Choose File ) no file selected
-or- -or-
© NCBI accession # O NCBI accession #

§J OPTIONAL :: ANNOTATION 1 ij

Repeats: Repeats:
O Repeats are identified by lower-case letters O Repeats are identified by lower-case letters
® Mask repetitive elements | no masking %) ® Mask repetitive elements | nomasking %)
Gene annotation (if any): @ Gene annotation (if any): @
@® Paste @® Paste

O File  (Choose File ) no file selected O File

OPTIONAL :: ANNOTATION 2

Select [ to run "fast" BlastZ on microbial-size genomes
Select [ to perform "chained” (global) blastz alignment

SUBMIT

Step 6. Click on
Upload to access
sequence
information from

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.

Request ID: 04271213013871

http://zpicture.dcode.ora/

Step 1. Select a species, genomic interval and genome assembly freeze from the UCSC Genome Browser (link will open in a new

window)
Step 2. Describe selected region using the form below
Organism Human
Assembly Mar. 2006 ~

Annotation RefSeq Genes

Position chr3:69,814,109-70,157,391

Step 3. Submit your request for verification
sSuUBMIT

v

(Format: chr7:1000-2000)

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

Please read zPicture instructions or us know (dcode@ncbi.nlm.nih.gov) if you encounter troubleq request for

verification.

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.
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Request ID: 08051221815643
Fetching Human(hg17) sequence at 3:69871322-70100176... ok (seql.fa)
Fetching refFlat gene annotation for this region... ok (annol.txt)

Forward uploaded data to zPicture - SYBMIT

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

Step 8. Press submit

http://www.dcode.org -

Instructions human-rat-fugu and human-rat GATA3 ali Description

zPicture is a dynamic alignment and visualization tool that is based on blastz alignment program utilized by PipMaker. zPicture

pcalgnn to rVista 2.0 to identify consarved transcription factor binding sites. Check that the
Senome Ressauch L0 72077, (2000 sequence file
and annotation
file have been
uploaded. This
ey procedure can

multi-zPicture: multiple sequence alignment tool

Request ID: 08051221815643

2

SEQUENCE 2

y SEQUENCE 1

Sequence acce pt
also be repeated
(in FASTA format @) .
for additional
O FASTA file Choose File ) no file selected .
— o species.

3 OPTIONAL :: ANNOTATION 1 4 OPTIONAL :: ANNOTATION 2

Repeats:
O Repeats are identified by lower-case letters

Repeats:
Repeats are identified by lower-casg/f tters

no masking

Step 9. Choose to
mask human
repeats.

O File ) <
2 Fil Choose File ) no file selected <4

Select [ to run "fast" BlastZ on microbial-size genomes
Select [ to perform "chained" (global) blastz alignment

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.
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Request ID: 08051221815643 http://zpicture.dcode.org/

Dynamic visualization:

HSPC163

Dot-plot:

Update annotation:

annol anno2
edit
sequence titles

rVista 2.0 portal:

submit alignment to o RVISTA
Output files:
list of ECRs in seql or seq2

seql seq2.blast
seql seq2.blastz

blast-type alignment

blastz alignment

Input files:

1 2
sequence seqgl.fa seg2.fa
seq. masked segl.txt seg2.txt
repeats seql.reps seq2.reps
annotation annol.txt anno2.txt

Contact Ivan Ovcharenko (ovcharenko1@lInl.gov) if you have any
questions or suggestions

Request ID: 08051221815643

ECR
length

ECR
similarity

Bottom
cut-off

Smooth Base-top

graph switch Width

Picture
settings - - — —_— —_—
25000 bases atleast 100 bases atleast 70 % 50 %

Refresh

Appendices

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.

http://zpicture.dcode.ora/

Remove
legend

Graph
height

1200 pixels =

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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Step 12. Click on

s any ECR.
100%
:ﬁ:ﬁ‘" mmS chré:s
-:J:';SM hg17 chr3:é
150.0kb 156 2kb 162 5kb 168 8kb e Legend eXp|a|nS
MITF MITF .
e T colour coding.
:E:E:E\?;“ w1 mmS chrers
e | ""*"*| Direction of gene
175.0kb 181.2kb 187 5kb 193.8kb 2000 Irec Io . g
. . MITF . . transcription is
% . .
R - : “ s anes | indicated by blue

T
hg17 chr3:6

arrows in the gene's

206.2kb
100%
mintergene Ty
-miﬂron mmS chré:98
coding s -
UTR hg17 chr3:6

mrepeat

Jy—v—y—v—y—v—LﬁO%
225.0kb 228.9kb

50%
225.0kb

structure.

ECRs are displayed
in brown.

RepeatMasking is
shown in green.

This will give you information about the ECR:

Overlapping ECR: 209493-209757 (265 bps)

ALIGNMENT 7/14

SCORE: 46389

STRAND: +

base: 208485-210594 (2110 bps)

second: 11132-13028 (1897 bps)

CONSERVATION (:base: stats)
Matches = 73.21% (194/265)
Mismatches = 24.53% (65/265)
Gapped nucleotides = 2.26% (6/265)

base: 209493-209757 (265 bps)
second: 12002-12283 (282 bps)
209500 209510 209520
base AGTAGGATATAGGTTTTATCTGAAA AAACATGGGAAT
Pl LT LI T elzeee]]
second AATAGAGTATGAGTTTTAT-TGAAAAAAAACAAAAACAAAAACAAAAAAACCTCTGCAGT
12010 12020 12030 12040 12050 12060
209530 209540 209550 209560 209570 209580
base TGTTCAACAGTTAATTTCTGTTACTGTTTGTCTCTCTCTAGTTGCCTGTCTCGGGAAACT
e[ ees L L0E < LOEEE L LD L= DL LT
second CAGTCAACA-CCCATTGCTGTT----CTTGTCTGTGTCTAGTTACCCGTCTCTGGAAACT
12070 12080 12090 12100 12110
209590 209600 209610 209620 209630 209640
base TGATTGATCTTTATGGAAACCAAGGTCTGCCCCCACCAGGCCTCACCATCAGCAACTCCT
UL E0eELe s LD L0 LEEE T EEEEE T DT LT
second TGATCGACCTCTACAGCAACCAGGGCCTGCCACCGCCAGGCCTTACCATCAGCAACTCCT
12120 12130 12140 12150 12160 12170
209650 209660 209670 209680 209690 209700
base GTCCAGCCAACCTTCCCAACATAAAAAGGGAGCTCACAGGTAAACACCTAGTAAATGTGC
FUCCCECE DD DT DD DT s ETEE T e beLes 0T
second GTCCAGCCAACCTTCCCAACATAAAAAGGGAGCTCACAGGTACGTACCTAGCACAAATGC
12180 12190 12200 12210 12220 12230
209710 209720 209730 209740 209750
base CTCTTACTGCAGATTTCTGTCCATTTCCTGATAAGACAAAGTTATTGA
UL rezeee [ LD el D] eelees o 2ol |[]eez]
second TTCTTACTATGATACTCTGTTCTCTTCCCCACTGGGGAGCGTTACCAA

12240

12250 12260 12270 12280

Alignment between
the two species for
the ECR.

> base [#1)]
AGTAGGATATAGGTTTTATCTGAARAAACATGGGAATTGTTCAACAGTT,
ATTTCTGTTACTGTTTGTCTCTCTCTAGTTCCCTGTCTCGGGAAACTTC
TTGATCTTTATGGARACCAAGGTCTGCCCCCACCAGGCCTCACCATCAG
AACTCCTGTCCAGCCAACCTTCCCAACATAAAAAGGGAGCTCACAGGTAL
ACACCTAGTAAATGTGCCTCTTACTGCAGATTTCTGTCCATTTCCTGAT,
AGACAAAGTTATTGA

> second [#1)
AATAGAGTATGAGTTTTATTGAAAAAAAACARAAACARARACAARAARAG
CTCTGCAGTCAGTCAACACCCATTGCTGTTCTTGTCTCTGTCTAGTTAC
CGTCTCTGGAAACTTGATCGACCTCTACAGCAACCAGGGCCTGCCACCE
CAGGCCTTACCATCAGCAACTCCTGTCCAGCCAACCTTCCCAACATAAAR
AGGGAGCTCACAGGTACGTACCTAGCACARATGCTTCTTACTATGATAC
CTGTTCTCTTCCCCACTGGGGAGCGTTACCAA

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

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

simple. For instance, for more than 2

follow the instructions.

sequences use multi-zPicture and

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.
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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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Il: 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 Gl (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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o Ensembl 52: H.sapiens - Gene summary - Gene: MITF (ENSG00000187098) - Iceape BEE

. Hle Edit View Go Bookmarks Tools Window Help

J @O @0 0 @ [ http:/www.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000187098 )] [ search | go

.| 48 Home E3Bookmarks % Red Hat Network < Training S Support - Software < Developers N Embedded % Search N Hardware S Documentation N Downloads % Shop % News

Login /Register | BLAST/BLAT |BioMart | Docs & FAQs

Gene: MITF Gene: MITF (ENSGD0000187098)
Gene summary Microphthaimia-associated transeripton factor Souce Uniproteisuiss proto7s030
?s””‘n;"‘a:"""‘v“y:' Location Chromosome 3: 69,871,276-70,100,177 forward strand.
o Transcripts There are 7 transcripts in this gene:_hid p
External references (7) MITF-001 [ENSTO0000394355 ls
I Reguiation MITF-004 | ENSTD0000314557 | ENSP00000324246 protein_coding =
) Comparative Genomics. MITF-005 ENST00000394351 30 protein_coding
Genomic aigrments (35 MITF-006_| _ENST00000304345 protein_coding
& Gene Tree MITF-007 | ENso0000Gszea 500 | roten oung elect your
Gene Tres (text) MITF-201 | _EN5T00000514569 orotein_coding
Gene Tree (alinment MITF-202_| _ENSTO0000326526 7| protein_coding ]
- s (415 t pt
Parsoies 5) ranscri
Protein familes (2) Gene summary [BE)
B Genetic Variation oy e
Variaton Table
L Variation Image Hame MITE (HGNC Geurated))
External Data Synonyms BHLHE32, M1, WS2A [1o view sl Ensembl genesfinked fo he name click here]
e e ccos This gene is 3 member of the Human CCDS set: CCDS2913, CCDS43108, CCDS43107
Gene type Krnown protein coding
« Configure this page Prediction Method  Gene contairing both Ensembl gensbuid transeripts and Havana manual curation, see artce
« A4k custom cata to page
« Export cat ;
o Bookmark this page Transcripts
o foedstmde
o B W@M  moilh . mwih D@ poW | DEW Do pow . e o
e N e | K 1 d PRl mo i
Putativeproten c
ESTbased gene T _ e o o
ein coding Putative ploein co
MTF013>
Vega Hawana Protein coding
—
TFo2>
\VegaHavana Protein coding
—
TF-009 >
»
IR Do [S=ef
A Ensembl 52: H.sapiens - Transcript summary - Transcript: MITF-001 (ENST00000394355) - Iceape [DE)x]

. Fle Edit View Go Bookmarks Tools Window Help

i @OQ @ @ [ http:/www.ensembl.org/Homo_sa

0187098;r=3:69871276-70100177:t=ENST00000394355 | [ search | go

.| 4 Home (JBookmarks % Red Hat Network % Training % Support - Software < Developers < Embedded % Search % Hardware S Documentation % Downloads % Shop % News

Login /Register | BLAST/BLAT | BioMart | Docs & FAQs

Home > Hu

man
698

Transcript: MITF-001 (ENST00000394355)

Transcript-based displays .
Trnscrptsummry | izcpiiniassocted s fetr [Sosce PralKBSuis rot s 075031 Click on export
S ERDnsI0), Location Chromosome 3: 69,871 2] 0,100,177 forward strand.
& Smporing eerce 69 T fnert s st ofgere ENSCOONISTON T e 7 s s e
Con
Protein ENSTO0000314557
E) Externa References
General dentifers (18) N
Ol s o) L 200550 TG
L G ntogy ) L T S T srten-couns
s Vrton T bisten-coing
Fopiston coparion
& rrten momaion Transart surnary Il —

- D History
Transcript history
L Protein history

Expotiage

Exons: 10 Transcript length: 4,814 bps Translation length: 520 resicues
Tis transcript is a member of the Human CCDS set: CCDS43106
Known protein coding

o Configure this page
custom data to Fiage

o Export data

o Bookmark this page

Manually annotated s basis) from the proi
Altemalive This Vega Havana gene entry conesponds to the following database identifiers
Sraazcrigts Havana transcript: 8767 [view all ocations)
Ensembl release 52 - Dec 2008 & WISI/ EBI sbout Ensemb | Contact Us | Help

Permanent ink - View in archive site

=R S
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[ Ensembl 52: H.sapiens - ip! y - ipt: MITF-001 - Iceape EEE)
_ Hle Edit View Go Bookmarks Tools Window Help |

Q Q @ @ [ httpmww.ensembl.org/Homo_sapiens/ db )] [ search | @o

—T—
Mt [Docs & FAas
Export Configuration - Feature List
Transcript-based d Output: i
= TranseAptam FASTA sequence |
|- Exons (10}
|- Supporting evic e Feature strand ~|
Sequence.
[FepnA Next >
o | nexc > |
External Refere Options for FASTA sequence
General dent] :
F sty s Co Select fasta, cDNA
Gene ontolog| 2
Genetic \ariatior 3' Flanking sequence: ,7 " .
[ Fomens and flanking
Conpaih Genomic r
Proten Informat
Protein summ|
Emmm i oA v sequence
Variations (3 B
Ligataeds Coding sequence r
- 1D Histor
Sl Peptide sequence r
Protein hist
5'UTR 2
o Configure this paj
custom data | IUTR F
o Export data.
o Bookmsk ths Options for CSY (Comma separated values)
Similarity features v
Repeat features I
Prediction features (genscan) 2 l | Contact Us | Help:
Variation features =
Gene Information F

©f B} @ |Done =

= Ensembl 52: H.sapiens - Transcript summary - Transcript: MITF-001 (ENST00000394355) - Iceape BEE

_ Fle Edit View Go Bookmarks Tools Window Help [
Q Q @ Q [Sh nsembl.org/Homo_sapiens/ 187098:r=3:69871276-70100177t=ENST00000394355 ] [&Ssearch | go

4 |

. 4 Home | E3Bookmarks % Red Hat Network S Training  Support - Software % Developers < Embedded % Search % Hardware % Documentation  Downloads % Shop % News

Export data —TTT—
Export Configuration - Output Format

Transcript-based ALl
[~ Transeript sumy ® Text
- Exons (10) ® Compressed text (1

Click on text

Mart | Docs & FAQs

Varitions (3
- External Data
D History
Transcript his|
Protein hist

» Configure this
o Add custom data|
o Export data

o Bookmark this paj

bl | Contact Us | Help

IR D] e
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™~ Iceape (=)(o)(x]
_ Ele Edit View Go Bookmarks Tools Window Help
Q @ @ @ |% http://www.@l [Q!__Search_l‘ ég@
al B Home‘ £3Bookmarks < Red Hat Network < Training < Support »
s

>ENST0O0000394355 cdna:KNONN_protein_coding

GTAAACTCCCCGCGCTGGGGCGGGCGGCCGCGAGCCGGCGAGCGGGCAGAGCTCGGCACT
GCGCCGGGGCGCACGGCTCGGGGGACCCAGGCCCAGCTACCTTCCCTCCGCCCCCGGGLT
CTGTTCTCACTTTCCAGCAGT GGAAGGACGGGAAGCGGGAGCCATGCAGTCCGAATCGGG
GATCGTGCCGGATTTCGAAGT CGGGGAGGAGTTTCATGAAGAGCCCAAAACCTATTACGA
ACTCAAAAGTCAACCGCTGAAGAGCAGCAGTTCCGCCGAGCATCCTGGGGCCTCCAAGCC
TCCGATAAGCTCCTCCAGTATGACATCACGCATCTTGCTACGCCAGCAACTCATGCGTGA
GCAGATGCAGGAGCAGGAGCGCAGGGAGCAGCAGCAGAAGCTGCAGGCGGCCCAGTTCAT
GCAACAGAGAGTGCCCGTGAGTCAGACACCAGCCATAAACGTCAGTGTGCCCACCACCCT
TCCCTCTGCCACGCAGGTGCCGATGGAAGTCCTTAAGGTGCAGACCCACCTCGAAAACCC
CACCAAGTACCACATACAGCAAGCCCAACGGCAGCAGGTAAAGCAGTACCTTTCTACCAC
TTTAGCAAATAAACATGCCAACCAAGTCCTGAGCTTGCCATGTCCAAACCAGCCTGGCGA
TCATGTCATGCCACCGGTGCCGGGGAGCAGCGCACCCAACAGCCCCATGGCTATGCTTAC
GCTTAACTCCAACTGTGAAAAAGAGGGATTTTATAAGTTTGAAGAGCAAAACAGGGCAGA
GAGCGAGTGCCCAGGCATGAACACACATTCACGAGCGTCCTGTATGCAGATGGATGATGT
AATCGATGACATCATTAGCCTAGAATCAAGTTATAATGAGGAAATCTTGGGCTTGATGGA
TCCTGCTTTGCAAATGGCAAATACGTTGCCTGTCTCGGGAAACTTGATTGATCTTTATGG
AAACCAAGGTCTGCCCCCACCAGGCCTCACCATCAGCAACTCCTGTCCAGCCAACCTTCC
CAACATAAAAAGGGAGCTCACAGAGTCTGAAGCAAGAGCACTGGCCAAAGAGAGGCAGAA
AAAGGACAATCACAACCTGATTGAACGAAGAAGAAGATTTAACATAAATGACCGCATTAA
AGAACTAGGTACTTTGATTCCCAAGTCAAATGATCCAGACATGCGCTGGAACAAGGGAAC
CATCTTAAAAGCATCCGTGGACTATATCCGAAAGTTGCAACGAGAACAGCAACGCGCAAA
AGAACTTGAAAACCGACAGAAGAAACTGGAGCACGCCAACCGGCATTTGTTGCTCAGAAT
ACAGGAACTTGAAATGCAGGCTCGAGCTCATGGACTTTCCCTTATTCCATCCACGGGTCT
CTGCTCTCCAGATTTGGTGAATCGGATCATCAAGCAAGAACCCGTTCTTGAGAACTGCAG
CCAAGACCTCCTTCAGCATCATGCAGACCTAACCTGTACAACAACTCTCGATCTCACGGA
TGGCACCATCACCTTCAACAACAACCTCGGAACTGGGACTGAGGCCAACCAAGCCTATAG
TGTCCCCACAAAAATGGGATCCAAACTGGAAGACATCCTGATGGACGACACCCTTTCTCC
CGTCGGTGTCACTGATCCACTCCTTTCCTCAGTGTCCCCCGGAGCTTCCAAAACAAGCAG
CCGGAGGAGCAGTATGAGCATGGAAGAGACGGAGCACACTTGTTAGCGAATCCTCCCTGC
ACTGCATTCGCACAAACTGCTTCCTTTCTTGATTCGTAGATTTAATAACTTACCTGAAGG
GGTTTTCTTGATAATTTTCCTTTAATATGAAATTTTTTTTCATGCTTTATCAATAGCCCA
GGATATATTTTATTTTTAGAATTTTGTGAAACAGACTTGTATATTCTATTTTACAACTAC
AAATGCCTCCAAAGTATTGTACAAATAAGTGTGCAGTATCTGTGAACTGAATTCACCACA
GACTTTAGCTTTCTGAGCAAGAGGATTTTGCGTCAGAGAAATGTCTGTCCATTTTTATTC
AGGGGAAACTTGATTTGAGATTTTTATGCCTGTGACTTCCTTGGAAATCAAATGTAAAGT
TTAATTGAAAGAATGTAAAGCAACCAAAAAGAAAAAAAAAAAGAAAGAAAGAGGAAAAGA
AATCCATACTAACCCTTTTCCATTTTATAAATGTATTGATTCATTGGTACTGCCTTAAAG
ATACAGTACCCCTCTAGCTTTGTTTAGTCTTTATACTGCAAACTATTTAAAGAAATATGT
ATTCTGTAAAAGAAAAAAAAAATGCGGCCTTTTCATGAGGATCGTCTGGTTAGAAAACAT
AACTGATACCAACCGAAACTGAAGGGAGTTAGACCAAGGCTCTGAAATATAAAGTCTAAT

CTTGCTCTCTTTTATTCTGTGCTGTTACAGTTTTCTTCATCAAT GAGp~—~sTecscTTT

TTCATAAGATATTTTATTTTGAAATGGAAATTAATGTCCTCTCAAAG] Copy and paste this

AGCACTGAAAGTATGTTTTACTTTTTTTTTATTTTATTTITGCTTTTY sequence into a text
[m| @4 F]) i  Done editor (preferably NOT
Microsoft Word) and

MITF.txt)

save as a text file (e.g.
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Other methods for extracting genomic sequences will be covered in section iii.

i) 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 Ensembil (does it all for you!)

Using SIM4
Export the cDNA sequence as above.

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

@S STVI4 - cDNA and Genomic DNA Alignment

BBE contribution to PBIL in Lyon, France

SIM4 addresses the problem of efficiently aligning a transcribed and spliced DNA sequence (mRNA, EST) with a genomic sequence containing that gene,
allowing for introns in the genomic sequence (taking into account consensus splice signals) and a relatively small number of sequencing errors.

cDNA Sequence:
Origin: User entered &
Sequence name (or bank ID/AC): Seql

Strand: @ Direct O Reverse
If user entered, paste raw sequence below:
TGGGAAAAAGTTGATGTCAATAACAGTATAAAACAGCCCTATTTCTTGATAAAAA

AARTGACTGTCTCTTGCGGATGCTTGGTACTGTAATG TTARTARTAGTCACCTGCT C ut a nd p a Ste CD N A
GATGCAGCAATAATTTCTGTATGGTCCATAGCACTGTATATTATGGATCGATATT. \‘

A TCAAATAATCGACTTGTTCTTGATAGECTCATTAAAGEATTTGGTTTTT sequence and

i

Genomic Sequence: genomic sequence,

Origin: | User entered +

Sequence name (orbank ID/AC): g2 scroll down and press

Strand: @ Direct O Reverse

If user entered, paste raw sequence below: sSu b m |t .
AAGGA I
ACATAGAGTTGGATCAGGCTGAATTTATTGATTTGGGCCCACTAAGTAGGGACTC
TCCAT
TTAATATTGCAGCTTGGGGAGTTAAAAAATGTTCTAATCATCTATTTGCTTGGTTA
GcTe )
AAATATGAAATTAGCTGTGAGTGAACTGGAAATGCCTGATCTCCCTTGGTTTAAT )
GTAG

TAGA
TGAAGGGATCCAAAGGCTTAGGGAGATTGGGA

SIM4 parameters:
W - word size: 12
X - value for terminating word extensions: 12

N - accuracy of sequences: [ Low %)
(susmiT) (CLEAR)
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SIM4 Output

Under this page you can:

Appendices

Choose to view

1. Take a look at the alignments found by SIM4 (tesformm:
2. Visualize the alignments with the LalnView program (MIME-type: chemical/x-aln2).
3. Check out the two i used in the Seql and Seq2)

SIM4 alignment

LalnView is a graphical viewer for pairwise sequence alignments. Click here to take a look at a screenshot. You can download LalnView 2.2 here (UNIX, Mac

and PC versions available).

Important note: if you want to visualize the alignments produced by this server with LalnView, you need to have version 2.2 of this program installed on your

computer. Earlier versions will not work.

Ifyou have problems or

! Back to PBIL home page

segl = Segl, 4618 bp
seq2 = Seq2 (Seq2), 248852 bp

>Seql (4618 nucleotides)

>Seq2 (248852 nucleotides)

1-56 (136810-136865) 100% ->
57-306 (149653-149902) 100% ->
307-534 (208341-208568) 100% ->
535-618 (209617-209700) 100% ->
619-714 (211755-211850)  100% ->
715-832 (219570-219687)  100% ->
833-907 (222331-222405)  100% ->
908-983 (226974-227049) 100% ->
984-1131 (229792-229939) 100% ->
1132-4618 (235366-238852) 100%

ATGGAGGCGCTTAGAGTTCAGATGTTCATGCCATGCTCCTTTGAAAGCTT

o

136810 ATGGAGGCGCTTAGAGTTCAGATGTTCATGCCATGCTCCTTTGAAAGCTT

50 . . : . : . : . :
51 GTATCT CAGTTCCGCCGAGCATCCTGGGGCCTCCAAGCCTC
B
136860 GTATCTGTA...CAGCAGTTCCGCCGAGCATCCTGGGGCCTCCAAGCCTC

100 . H . H N H . H . H
92 CGATAAGCTCCTCCAGTATGACATCACGCATCTTGCTACGCCAGCAACTC
149688 CGATAAGCTCCTCCAGTATGACATCACGCATCTTGCTACGCCAGCAACTC
150 . B . : . : . : . B
142 ATGCGTGAGCAGATGCAGCAGCAGGAGCGCAGGCGAGCAGCAGCAGAAGCT

149738 ATGCGTGAGCAGATGCAGGAGCAGGAGCGCAGGGAGCAGCAGCAGAAGCT

200 . : . : . : . : . :
192 GCAGGCGGCCCAGTTCATGCAACAGAGAGTGCCCGTGAGTCAGACACCAG

149788 GCAGGCGGCCCAGTTCATGCAACAGAGAGTGCCCGTGAGTCAGACACCAG
250

242 CCACCCTTCCCTCTGCCACGCAGGTGCCG

CCATARACGTCA T

149838 CCATAAACGTCAGTGTGCCCACCACCCTTCCCTCTGCCACGCAGGTGCCG

300 . B . . : . : . :
292 ATGGAAGTCCTTAAG GTGCAGACCCACCTCGARAACCCCAC

S>>, L .>>>
149888 ATGGAAGTCCTTAAGGTA...CAGGTGCAGACCCACCTCGAAAACCCCAC

EXONS

> 136810 238852 Seql

Alignment information:

Check the matches are
100% and that the entire
cDNA is aligned.

Scroll down to bottom and find

136810 136865
149653 149902
208341 208568
209617 209700
211755 211850
219570 219687
222331 222405
226974 227049
229792 229939
235366 238852

results in annotation format for PIP
and VISTA. Cut and paste into a
text editor and save as text file.
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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.

! Ensembl H . Search of Human: (“Anything T (Go
eo uman Expﬂrtiw e.g. AC003985.2.1.104492, RH9632, ENSG00000139618
Jul 2005 | Help)|

Chromosome 3

Select region/feature to Export
69,871,323 - 70,100,174 Choo

ne or two features the same chromos:

= View of Chromosome 3
= Graphical view

ation about Region

equence as FASTA Chromosome name/fragment

From (type): | Gene %)

To(type): [ Basepair %)

ENSG00000187098

Output format

Output Format
= Gene information

© 2005 WTSI / EBI. Ensembl is available to download for public use - plea

i
= Exon information
= Peptide information

Search e Human: [ Anything

e., Ensembl HUumManN ExportView

Export as Pip

Show context of 10000 bp
either side of feature

Choose either
PipMaker/zPicture
OR Vista

Export individual files

e.g. AC003985.2.1.104492, RH9632, ENSG00000139618

)

Jul 2005

Chromosome 3
69,861,323 - 70,110,174

Configuring PIP (%age identity plot) output for Pipmaker / zPicture format
PIP format options

View of Chromosome 3 Your export has been processed successfully. Please download the ea]or[ec data by following the links below.

Graphical view
Graphical overview
Export information about
region OR
Export sequence as FASTA
Export EMBL file

Export Gene info in region

Export SNP info in region

Export Vega info in region

View alongside ...

View Syntenic regions ...

View region in NCBI

browser

View region in UCSC

browser

Sequence data: UHObTPfCBQTGYAAAEOT.fa [FASTA format]
Annotation data: UHObTPfCBOTGYAAAeOT. txt [pipmaker format]

Combined file: UHQbTPfCBQTGYAAAeQT. tar.gz

© 2005 WTSI / EBI. Ensembl is available to download for public use - please see the code licence for details.

Export individual files (right

click and "Save target as..." or

similar.

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.
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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 Ill: 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

TagMan — 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

lllumina 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.iimn
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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:

Primer3

peck pramers Soes o DA sequente

.....

Select the
appropriate
mispriming

library

Lo

25

= Srodsca ng

e proe praer

or lezrrrad o

e o) i

vt t nas

pemer " pronet

[ kg below
Jrw (&

Enter target
sequence

Gemeral Primser Picking Cenlitions

Ao P oo

Other Per Sequence Inpaits

More details of options are available at:

http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www _help.cgi

XXXi

Select  options
and then hit ‘pick
primers’




Primer3 Output
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No acceptable primers
found. Looking at the
statistics suggests why this
may be.
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Primer3 Actmn ke
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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

Local sequence file: Browse. Standard sequences:
GenBank number: [Browse GenBank] # Plasmid vectors ¥
or paste m your DA sequence: (plain or FASTA format) #Viral + phacae
S A SRS A O APPSR b ool e bl dald el Sl A e .
gccagtgocagaagagecaaggacaggtacggetgteatcacttagacctoac ggagccacace - PaSte yOUr W|Id type
ce T atctac c& a a a C. T catasaaagrca 1
agggrrggecaat teccaggageagggagggcaggage ggaca aagrcagage Sequence |nt0 the bOX
agagccatcrattg ;jatttgecttctgacacaac cactagcaacctcaaacagacaccat .
ggrgcatctgacte duagaagtcrgecgttactgcccrgtgggygcaaggtgaacgrggatgaagt | [“ﬁ The polymorphlc base
tggtggtyaggeccctiwdaggttggtatcaaggt tacaagacaggt ttaaggagaccaatagaaacry | haS been hiahli hted in
gacatgrggagacagagaagacrcitgggrrtctgataggcactgactcrcrcrgecrattggrcecrat g g
ttcccaccettaggetgotggtggtetaccottggaccecagaggttctttgagtocotttggggatcrge red.
CCACLECLUALUC LUt AL IUCAACCE L ARUUT HAANUCECALIUCAANARANTUCE Caatad Nl

© NEB czye

O All commercially avalable specificities

. ® Lmear O All specificities Set colors
I O Circular R O All + defined oligonucleotide sequences

O Only defined oligonucleotide sequences
define oligos]
Minimum ORF length to display. 100 aa

Name of sequence: (optional)
Earher projects:
Note: Your earlier projects wiil be deleted 2 days after they were last accessed.

You need to have cookies enabled in your browser for tis feature to work.

[[] Disable NEBcutter cookies
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Cleavage code

I | blunt end cut
"a | 5° extension
| 3 extension
¥ | cuts 1 strand

Appendices

Enzyme name code
fivailable from NEB
Has other supplier
Not commercially available
*: cleavage affected by CpG meth.
#: cleavage affected by other meth.
(enz.name): ambiguous site

NEB cutter returns a list

L 1 1 1 n 1 1 1 1 1 1 1 1 1
Il n inom owm 1| Lde (N l/
Bpnl *SnaBI BseYl Btgl Bbsl Avall BsiHKAI
*Hgal *Bsafl Mscl Ncol Barl FrudHI Bsp12861
*BsnBI Sspl Eael HpyCHIITI Nspl ApeKI

TFil Avrll Msel Tsel
Dralll Bsal Bbvl
Bael #Eco01091
Mmel Bspil
Sapl BfuAl
BwCl
BspCNI

All commercial 2 cutters
All 3 cutters

XXXV

of restriction enzyme
sites.

0 cutters
1 cutters

All sites
Save all sites
Flanking enzymes



Local sequence file:| |(Browse... ]
GenBank number: ] ! [Browse GenBank]

Appendices

Standard sequences:
#Plasmid vectors ¥ |

or paste in your DNA sequence: (plain or F.
Egccagcgccagaagagccaaggacaggcacggccgccac agacctoaccetgtygagecacace
|ctagggttggecaatctactcccaggagea graggagecagggetgggeataaaagtcaggge
lagageccatetattgetgagatt gacacaactgtgttoactageaacctoaaacagacacceat
|ggtgeatctgacteefyTodagaagtetgecgt tactgecctgtygggeaaggt gaacgtygatgaage
| tggtggtyaggecetugoAggt tggtatcaaggt tacaagacaggt ttaaggagaccaatagaaacty
|ggcatgtyggagacagagaagactettgggtttotgataggeactgactetetetgectattggrotact
|tteccaccottaggetgetggtggtotaccottygacceagaggttetttgagtecct tbggggatctge
lccactectgatgetgttatgggeaaccctaaggtgaaggetcatggeaagaaagtyeteggtyge

A,H\/-r Paste your variant
| sequence into the box.
The polymorphic base
has been highlighted in
red.

& NEB enzymes

O All commercially available specificities

® Linear
O Circular

Foifeions toees O All specificities

The sequence is:

O All + defined oligonucleotide sequences

O Only defined oligonucleotide sequences

[define oligos]
Minimum ORF length to display: 100 | aa

Name of sequence: ‘ " (optional)

Earlier projects:

Note: Your earlier projects will be deleted 2 days after they were last accessed.
You need to have cookies enabled in your browser for this feature to work.
[[] Disable NEBcutter cookies

Cleavage code
s I | blunt end cut
ORFs . | 57 extension
J | 3 extension
¥ | cuts 1 strand

m o | | - A O 1] I

BsiHKAL
Bsp12861

*SnaBl
*BsaAl
Sspl
TFil

BpmI
*Hgal
*BsmB1

HpyCH4II1

Zoom in
More...

| 2 cutters
| 3 cutters

All commercial
All

XXXVi

Delete projects

Enzyme name code
Available from NEB
Has other supplier
Not commercially available
*: cleavage affected by CpG meth.
#: cleavage affected by other meth.
(enz.name): ambiguous site

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.

0 cutters
1 cutters

All sites
Save all sites
Flanking enzymes
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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”).

A service of the National Library of Medicine
and the National Institutes of Health

Pub¥{ed

www.pubmed.gov

Search | PubMed

+ | for |IL1B polymorphism 3953 Clear ] Save Search

|/ Lirnits T Previewiindex \[/ History \[/ Cliphoard \|, Details |

About Entrez Display | Summaty v |show| 20 v [ SonBy v|sendte  v|

Text Version ‘AII:QO Review: 1_[%]

Entrez PubMed Items 1 - 20 of 90

Overview
Help | FAQ
Tutorials

New'Notewothy El
E-Utilities

- Wang CV, Shen YC, SuCH, Lo FY, Lee SH, Tsai HY, Fan 55,

Investigation of the association between interleukin- Ibeta polymorphism and normal tension glaucoma.
Mol Vis. 2007 Iay 14;13:719-23.
PMID: 17563722 [Publvled - indexed for MEDLINE]

iy =

PubMed Services
Journals Database
MeSH Database

Single Citation Matcher
Batch Citation Matcher
Clinical Queries

Tsarev VN, Nikolaewa EN.

[The allelic polymorhism of IL-lalpha and IL-beta genes in patients with chronic inflammatory periodontal diseases]
Vestn Ross Akad Med Nauk. 2007;{3):43-7. Russian.
PMID: 17500214 [Publed - indexed for MEDLINE]

@ 5

Check the methods for the relevant primer sequences:

DNA preparation and genotype identification

Blood samples were collected from each subject (5 ml) and genomic DNA was isolated using the Qiagen Qiasmp Blood mini kit (Qiagen, Valencia, CA). IL-1B C(-511)T and
C(+3953)T genotyping of genomic DNA were determined with polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique. A 304 bp PCR. fragment
of the IL-1B (-511) in the promoter region was amplified using the following primers: F5'-TGG CAT TGA TCT GGT TCA TC-3' and R5'-GTT TAG GAA TCT TCC CAC TT-3'. PCR
conditions were as follows: a denaturing step of 95 °C for 10 min, then 35 cycles of 95 °C for 45 s, 60 °C for 45 5,72 °C for 1 min, and a final incubation at 72 °C for 5 min. The
products were digested with Bsu36I (New England Biolabs, Inc., Beverly, M&) at 37 °C for 3 h and were run on ethidium bromide-stained 2% agarose gel. This gave products that either
remained intact (C allele) or were cut into two fragments of 190 and 114 bp (T allele).

g gland Biotabs; Ircrrestrictian site at position +3953 within exon 5 of the IL-1P gene was amplified using the following primers:
TT TGA CC-3' and 5'-TTC AGT TCA TAT GGA CCA GA-3'. The PCR conditions were the same as described in the previous. The products were digested with
digestions of the 249 by fragments-were-eut-intotwo fragment of 135 and 114 bp (allele C) or remained intact (allele T).

5'-GTT GT
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2) Perform BLAT searches (http://genome.ucsc.edu/cgi-bin/hgBlat) to

find the genomic location of the primers.

Home Genomes Tables Gene Sorter PCR Session FAQ Help

Human BLAT Results

BLAT Search Results

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START END SPAN

browser details YourSeq 20 1 20 20 100.0% 2 - 113306978 113306997 20

BLAT Search Results

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START END SPAN

browser details YourSeq 20 1 20 20 100.0% 2 + 113306748 113306767 20

3) Enter start and finish co-ordinates for fragment (start of one primer,
end of the other, whatever spans the biggest area) in Ensembil.

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.

nsembl 52: H.sapiens - Region in detail - Chromosome 2: 113,306,748-113,306,99
A £ hutp:/ jwww.ensembl.org/Homo_sapiens /Location/View?r=2:113306748-113306997;time=1234188960624.60) 1.7 Clx
\g Started  Latest Headlines  Applev Amazon eBay Yahoo! News~
Chiomosome bands [1E] [
Constrained e 29 WY ¢ st aines Sements for 29 eutherian mammals EF
24

Cons. score 29 way
-483

Cortigs
Marker

£1

EnsemblHavana gene

‘egaHawana gene <IL1B-006
ana

<IL1B-007

egaHavana Protein coding

coding

coding
cCDSset

Human cDNA
Al varictions : X 1
113,306,750 13,306,800 11330 Variation: rs1143634 13,306,850
-
i nown protein coding . =
Genel.egend \/ega Havana Protein coding
Variation Legend Syncnymeus coding . It

There are currently 170 tracks turned off.
Ensembl Homo sapiens version 52.36n (NCBI36) Clromasame 2:

(L) Configuring the display
ou currently have 13 tracks in the overview panel and 170 tracks in the main panel turne
page"
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6) Copy the SNP and flanking sequence from the Ensembl SNPView
page, by clicking on variation properties.
Trararon: si14363« R

Variation: rs1143634

Variation type  SNP (source dbSNP)
Synonyms Affy GenomeWideSNP_6.0 SNP_A-8637035
Alleles G/A (Ambiguity code: R)

Ancestra le: G

Location 2:113306861 (forward strand)

Variation summary help Gel

Validation status Proven by cluster, frequency, submitter (Feature tested and validated by a non-computational method)
HapMap SNP

Linkage

disequilibrium

data

Links to Linkage disequilibrium data per population:

CSHL-HAPMAP:Haphao-CEU (Tag SNP) CSHL-HAPMAP:HapMap-HCB (Tag SNP) CSHL-HAPMAP:HapMap-JPT (Tag SNP)
4 YRI (Tag SNP) PERLEGEN:AFD_AFR_PANEL PERLEGEN:AFD_CHN
EL (Tag SNP)

ANEL (Tag SNP)

Flanking
Sequence

(Vanant highlighted)

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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This tool will take a DNA sequence and find the large, non-overlapping open reading frames using the E.coli genetic code and the sites for all Ty
commercially available Type III restriction enzymes that cut the sequence just once. By default, only enzymes available from NEB are used, but «
may be chosen. Just enter your sequence and "submit". Further options will appear with the output. The maximum size of the input file is 1 I

the maximum sequence length is 300 KBases.
What's new in V2.0

Local sequence file: | [ Browse... |

GenBank number:| | [Browse GenBank]
or paste in your DNA sequence:  (plain or FASTA format)

Standard sequences:

# Plasmid vectors
# Viral + phage

TGTTTAAAACATGGAGAATTAGCAAGCTGCCAGGAGGCCAGGCAGGGAALCCAGGATGTT
TCCATTTACCTTGTTGCTCCATATCCTGTCCCTGGAGGTGGAGAGCTTTCAGTTCATATG
GACCAGACATCACCAAGCTTTTTTGCTGTGAGTCCCGQKCCGfﬁpAGTTCAGTGATCGTA
CAGGTGCATCGTGCACATAAGCCTCGTTATCCCRTGTQ;EV AGRAGATAGGTTCTGAAA
TGTGGAGCACATGTTGTTTAGGTATAAAATCAGAAGGGOAGGCL TCGTGAGGCGAGGCGG
CAAAATTTGATTTCTTGGAGGACACCTGAGCATATACGGTCALAGTCTGATGACALCACC
AGTAGGGATGAAGCTGGGAGTGGGGTGGCTAAGAACACTGGACCTGACACTATTAGACAT
GGGTTCCAGCTTCAGGTCTATTACTGCTCACTGTGGCCGAGCAACAGAGCTACTTAGGTA
ALATGGTGATGGTCATAACACTAGCCCACAGGGAGGTTACGAACCTCTGGTGACAATGTA

[>

([ Subit)

© NEB enzymes
O all commercially available specificities
Linear O Al specificities
. Enzymes to use:
O Circular O Al + defined oligonucleotide sequences
O Only defined oligonucleotide sequences
[define aligos]

Minimum ORF length to display: aa

The sequence is:

Name of sequence: : {optional)
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1S

- NEB single cutter restriction enzymes
- Main non-overlapping, min. 100 aa ORFs

GC=46%, AT=54%

Display:

Linear Sequence: unnamed sequence

Cleavage code

I | blunt end cut
.| 57 extension
J | 37 extension
Y | cuts 1 strand

Appendices

@ Comments

Enzyme name code
Available from NEB
Has other suppl
Not commercially available
*: cleavage affected by CpG meth.
#: cleavage affected by other meth.
(enz.name): ambiguous site

#Bcll Bsrl
'A 118 aa J
11 L 1 L 1 L L L 1 L 1 L 1 L 1 L 1801
M (I [ (N A T | | | | Il
MscI Tsel Bsgl Acul NmeAIII XmnI
HincII ApeKl *Rsal BseYl Bst¥I
Hpal Bhvl HCwilI Bpulol Bg1II
BpuEl Dral Myl Apol Eco01091
Smll #Bcll Plel *Acil
*BceAl Sspl *Hpall BssSI .
Tent11 Hept The wild type, G, allele creates
PFIFI #Ncil .
Hine a Taq | site as expected
HindIII
Neel
BpmI BSw1
Tagl
SFAk
Bmel5801
*ApaLl
BOLabs,‘. Linear Seq e: /4 Help | |Comments
Cleavage code Enzyme name code
Display: - NEB single cutter restriction enzymes I | blunt end cut | Available f::j;“l'ff
- Main non-overlapping, min. 100 aa ORFs .| 57 extension Not commercially available
- , : *: cleavage affected by CpG meth.
GC=46%, AT=54% <13 extension #: cleavage affected by other meth.
Y | cuts 1 strand (enz.name): ambiguous site
#Bcll Bsrl
A 118 aa J
11 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1801
M r (I [ L | | | | | Il
Mscl Tsel *Rsal Acul NmeAITI *mnl
Hpal ApeKI HCwill BseYl Bst¥l
HincII BhbvI Myl Bpulol BglIl
BpuEl Dral Plel Apol Eco010891
Smll #Bcll #Ncil *Acil
*BceAl Sspl *Hpall BssSI .
e tor The variant, A, allele has no
PFIFI HinfI .
11 Taq | site as expected
NeleI
BpmI
Bmel5801
SfaNI
*ApaLl
Bsgl

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.
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