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Legal
Warranty and Liability

Biotage AB warrants that the product supplied has been thoroughly tested to ensure that it meets
its published specifications. The warranty is only valid if the product has been installed and used
according to the instructions provided by Biotage AB.

Biotage AB makes no warranties, expressed or implied, including without limitation the implied
warranties of merchantability and fitness for a particular purpose regarding the product. Biotage AB
does not warrant, guarantee or make any representations regarding the use or the results of the
use of the product in terms of its correctness, accuracy, reliability, currentness or otherwise. The
user assumes the entire risk, as to the results and performance of the product. Since the exclusion
of implied warranties is not permitted by some jurisdictions, the above exclusion may not
necessarily apply.

Biotage AB shall in no event be liable for any direct, indirect, special or consequential damages
including, without limitation, damages for loss of business income, business profits, business
interruption, loss of business information and the like arising out of the use or inability to use the
product.

Since the exclusion of implied warranties is not permitted by some jurisdictions, the above
exclusion may not necessarily apply.

Trademarks and patents owned by Biotage AB

Pyrosequencing, PSQ, Pyrogram and @ are trademarks owned by Biotage AB. Pyrosequencing
technology is covered by patents including patents US4863849, US610891, US6258568,
EP0932700, and EP0946752, and patent applications owned by Biotage AB.

In view of the risk of trademark degeneration, authors intending to use the trademarked
designations are respectfully requested to acknowledge the trademark status of the products at
least once in each article.

Other patents and trademarks

The PCR process is covered by several patents owned by Roche Molecular Systems and F.Hoffman-
La Roche Ltd.

Intel and Pentium are registered trademarks of Intel Corporation or its subsidiaries in the United
States and other countries.

Microsoft and Windows are either registered trademarks or trademarks of Microsoft Corporation in
the United States and/or other countries.

Sepharose is a trademark of Amersham Biosciences Limited.

Adobe and Adobe Acrobat are either registered trademarks or trademarks of Adobe Systems
Incorporated in the United States and/or other countries.

All other trademarks are the property of their respective owners.
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Important user information

The Pyrosequencing™ Assay Design Software and all associated products from Biotage AB are for
research purposes only. Not for use in diagnostics procedures for clinical purposes. For in vitro use
only.

Biotage AB reserves the right to make changes in the information contained herein without prior
notice.

Pyrosequencing Assay Design Software, User Manual version 1.0.6 AA.
© Copyright 2004 Biotage AB

All rights reserved. No part of this manual may be reproduced or transmitted in any form or by any
means, electronic or mechanical, for any purpose, without the expressed written permission of
Biotage AB.

Biotage AB

Kungsgatan 76
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Phone: +46 18 56 59 00

Fax: +46 18 59 19 22
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1 Introduction

The Pyrosequencing™ Assay Design Software is a tool for designing PCR and sequencing primers
for Pyrosequencing assays. Applications supported by the software are genotyping, mutation
analysis, allele quantification (AQ), and sequence analysis (SQA).

The software generates primer sets (each primer set consists of a PCR primer pair and a
sequencing primer) that fulfill the specific requirements for Pyrosequencing analysis.

1.1 The User Manual

The User Manual contains user instructions for the software, guidelines for PCR and sequencing
primer design, guidelines for PCR setup and optimization, and hints & tips for designing assays. It
also contains instructions for installing the software and computer requirements.

The appendix of the User Manual contains information on the Principle of Pyrosequencing, assay
types and general information on sample preparation, Pyrosequencing systems and basic
definitions.

1.2 The Quick Guide

The Quick Guide contains short, concise instructions for performing a typical assay design. The
Quick Guide is available as a separate document on the installation CD. When the installation CD is
inserted into the CD-drive, an installation wizard will automatically start. The wizard presents three
different choices: install Assay Design software, view the User Manual, or view the Quick Guide. If
the wizard does not start automatically, the CD-drive can be opened in Windows Explorer and the
wizard started by double-clicking on the autorun.exe file.

48 Assay Design 1.0 =

Assay Design Software 1.0

Biotage
Install Assay Design Software 1.0 g

Install Acrobat Reader 6.0 Ve pdobc,

User Manual

O
Quick Guide @
o

—

.
Exit Assay Design Setup
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2 Software setup

These installation guidelines describe how to install Pyrosequencing Assay Design Software on a
computer fulfilling the system requirements listed below. The software usage is restricted by a
license key. The license key information, which can be found on a slip in the installation CD folder,
is needed when the software is started for the first time.

2.1 System requirements

Computer
The computer used to run Assay Design Software should be a PC with the following preferred
specifications.

Processor 2.6 GHz

RAM 1 GB

Hard drive 100 MB free space

Monitor 1024 x 768 resolution, Medium color quality
(16bit)

Operating system Microsoft® Windows® 2000 or

Microsoft® Windows® XP,
English versions only

Printer
All printers supported by Windows 2000 or XP are suitable.

Backup of data
Good data management requires that data backups be made on a regular basis.

Note: Biotage AB is not responsible for the User’s backup routines.

2.2 Installing the software

1. Before starting the installation of Pyrosequencing Assay Design Software, confirm that you
have administrator’s rights on the computer.

2. Insert the Pyrosequencing Assay Design Software CD into the CD-drive of the computer.
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Follow the Assay Design Setup wizard, which automatically starts. If the wizard does not start,
either open the CD-drive in Windows Explorer and double-click the autorun.exe file, or choose
Run in the Windows Start menu, specify the path to the CD-drive and the file autorun.exe,
e.g. D:\autorun.exe

|
Assay Design Software 1.0 . )
Biotage

Install Assay Design Software 1.0

Install Acrobat Reader 6.0 A« ﬁ,‘;‘b{

©
User Manual e
e

Quick Guide

—
N TN

Pyrosequencing Assay Design Software requires Microsoft® .NET Framework version 1.1 to be
installed and running on the computer. The installation wizard will automatically detect the
presence of .NET Framework or will, if necessary, install the program. If the installation of .NET
Framework fails, the installation will stop with an error message. Confirm that you are logged
in with administrator rights and restart the installation.

After installation of .NET Framework, installation continues with Pyrosequencing Assay Design
Software. Click Next to proceed with the installation.

i'é’- PS0) Assay Design

4 Welcome to the PSQ Assay Design Setup Wizard

The inzstaller will guide you through the steps required to ingtall PSQ Assay Design on your computer.

WARMIMG: Thiz computer program is protected by copyright law and intermational treaties,
Unauthorized duplication or distribution of thiz program, or any portion of it, may result in severe civil
or criminal penalties, and will be prosecuted to the maximum extent poszible under the law.

Cancel < Back
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6. Click I Agree and Next to accept the terms in the license agreement.

i'\.‘!rl' PSI) Assay Design

License Agreement

Please take a moment to read the license agreement now. [F you accept the terms below, click '
Agree", then "Mext". Otherwize click "Cancel”,

Software License Agreement and Warranty Statement il

IMPORTANT

PLEASE READ THIS LICENSE AGREEMENT CAREFULLY. BIOTAGE AB
LICENSES THIS SOFTWARE TO ¥OU ("LICENSEE") ONLY UPON THE
ACCEPTAMCE OF ALL OF THE TERMS IN THIS LICENSE AGREEMENT.

BY USING THIS SOFTWARE PACKAGE, LICENSEE CONSENTS

T DE Dl M D A RID 10 DEETh AT A AT T TS A MECh ATk T

" | Do Mot Agree & | Agree

Cancel < Back | Mext > I

7. Choose the destination folder for the installation files. The default location is C:\Program
Files\Biotage \PSQ Assay Design\. Click Next to proceed.

Note: If the Just me box is checked, the program will only be visible to the user who was
logged in when the installation was performed.

i'é’- PS5 Assay Design

Select Installation Folder

The installer will install PSQ Assap Dezign ta the following folder.

T ingtall in this folder, click "Mext". To install to a different folder, enter it below or click "Browse'.

Folder:

C:WProgram Files\BiotagesPS0 Azsay Design Browsze. . |
Disk. Cost... |

Install PSE Azzay Design for yourself, or far anyone who uzes thiz computer:

" Evemone

o Just me

Cancel < Back
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9.

Review the installation settings and click Next to start the installation.

i'é" PSI) Assay Design

Confirm Installation

The installer is ready to install P50 Aszay Design on your computer.

Click "Mext" to start the installation.

Cancel < Back | Mesit » I

The installation wizard shows the progress of the installation.

10. Click Close to exit the wizard.

2.3 Starting Pyrosequencing Assay Design Software

1.

4,

In the Windows Start menu, choose Programs > Biotage > PSQ Assay Design.
Alternatively, double-click the PSQ Assay Design icon on the desktop.

The first time the program is started, a License dialog opens.
Lcense

Enter license code:
I I I I Ad

. (?) Installed produits |
Biotage

Cancel Y

The license key can be found on a slip of paper in the CD jacket. Enter the license key
information in the Enter license code field and click Add. Assay Design Software v 1.0 will
appear in the Installed products field.

Note: Every user (with an individual user account on the computer) will need to enter the
license key the first time they start the program.

Enter license code:
I I I I Add

ﬁ Installed products I
) Azzay Design Software v 1.0
B i t

oK [Eancel
4

Click OK. The Assay Design Software start screen will open.
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2.4 The Assay Design Software start screen

3

{&equencs Editor | sequence | Final

Brimer

s

=oix|

Menu bar EELE

) o 0320 ‘ B
Bl

Work area
A. Assay window C
B. Assay overview area
C. Primer set area
D. Polymorphisms area

Menu bar

Work area

Assay
window

Assay
overview
area

Primer set
area

Polymor-
phisms
area

The menu bar contains 5 different drop-down menus: File -create, open and
close assays, import sequences, or change default settings, Edit -cut and
paste sequence information for analysis, or search for a sequence string
Assay —analyze assays individually or in batch, view and change analysis
settings, Zoom in/out on the sequence, Windows -hide/show the results
panel and arrange windows, and Help.

The work area displays the Assay window (A) and the results panel at start.
The results panel is divided into three areas: the Assay Overview area (B),
the Primer set area (C) and the Polymorphisms area (D). The Assay
window and the results panel are used together to perform an assay design.
For more information, see Chapter 4 -Performing an assay design.

This window can be used to choose assay type, enter or import the DNA
sequence, set target and PCR primer regions (optional), run the assay design,
view results, adjust the assay primers (optional), save the assay and view an
assay report. For more information, see Chapter 4.

This area gives an overview of the entire sequence with symbols for
polymorphisms, target regions, primers, and mispriming sites. This area can
be used to get an overview of the whole sequence, including primer positions
and mispriming sites. It can also be used for quick navigation to a specific part
of the sequence on the Sequence tab in the Assay window. For more
information, see Chapter 4.

This area can be used to view a list of primer set candidates and to select the
final primer set to be imported into PSQ system software. It is possible to edit
and modify primers. Assay Design Software can also analyze previously
designed primers by pasting or typing the sequences in to this area. For more
information, see Chapter 4.

The polymorphisms or unknown sequences entered into the Sequence editor
in the Assay window are automatically displayed in the Polymorphisms
area. This area can be used to name the polymorphic positions (Position
names), step between polymorphisms, and to define the target region for the
next analysis. For more information, see Chapter 4.
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3 Assay design settings
3.1 Change default assay design settings

1. Select File | Default Settings... in the menu bar. The Default Assay Settings dialog
opens.

2. Change the settings as desired by entering new values, checking/unchecking the desired
boxes and clicking Set As Default.

3. A message box with the following question appears.

"Do you want to apply your new settings to all open assays? If you choose No, the new
settings will only be applied to new assays.”

Click the button Yes to make the new default settings apply to currently open assays, as
well as to all future, new assays. To view a description of the parameters that can be
changed, see section 3.3.

3.2 Change assay design settings for one assay

1. In the Assay window, click the button Settings for this assay. The Current Assay
Settings dialog opens where the settings for the active assay are set.

2. Change the settings as desired by entering new values, checking/unchecking the desired
boxes and clicking OK. The settings are changed for this assay only (as long as the
button Set As Default has not been clicked). To view a description of the parameters
that can be changed, see section 3.3.
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3.3 Description of settings and buttons

3.3.1 PCR Primer settings

Min Primer Length
(bp):

Max Primer Length
(bp):

Optimal Amplicon
Length from (bp):
Optimal Amplicon
Length to (bp):

Max Amplicon Length
(bp):

Allow Primer Over
SNP:

Melting Temperature
Algorithm:

Primer Concentration
(uM):

Min Melting
Temperature (°C):
Max Melting
Temperature (°C):
Max Allowed Tm
difference:

Max GC Difference
(%)

Minimum length of the PCR primers
to be generated.

Maximum length of the PCR primers
to be generated.

Lower limit of the optimal amplicon
range.

Upper limit of the optimal amplicon
range.

Maximum allowed length of the
amplicon.

Check the box to allow annealing
over SNPs in the DNA sequence.
Choose algorithm for calculation of
PCR primer Tm

Primer concentration used in the PCR

reaction.

Minimum melting temperature of PCR

primers.

Maximum melting temperature of
PCR primers.

Maximum allowed Tm difference
between forward and reverse PCR
primers.

Maximum allowed GC difference

between the forward and reverse PCR

primers and the amplicon.

18 bp
24 bp
50 bp
250 bp
600 bp
Unchecked
Nearest
Neighbor
0.2 uM
56.0 °C

86.0 °C

10.0 °C

30%

18 - 24 bp

50-250 bp

68-74 °C

0-2 °C

0-10 %

3.3.2 Sequencing primer settings

Min Primer Length
(bp):

Max Primer Length
(bp):

Min Distance from
target (bp):

Max Distance from
target (bp):

Allow Primer Over
SNP:

Generate Forward
Primers:
Generate Reverse
Primers:

Minimum sequencing primer length.
Maximum sequencing primer length.

Minimum distance between the
sequencing primer and target region.
Maximum distance between the
sequencing primer and target region.
Check the box to allow annealing over

SNPs. Note: Primers will not be allowed

to anneal over an SNP within the 7 last
nucleotides of its 3'-end.

Check the box to generate forward
sequencing primers.

Check the box to generate reverse
sequencing primers.

15 bp
20 bp
0 bp
3 bp

Unchecked

Checked

Checked

15-20 bp

0-3 bp
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3.3.3 Primer set settings

Primer Set #: Number of primer sets to be listed in the Primer set 100
area.*

* The number of primer sets listed in the Primer set area is tightly linked to the nhumber of sets
that will be generated and analyzed. Thus, if the number of shown primers is lowered, fewer primer
sets will also be generated, possibly decreasing the chance of finding a high scoring primer set.

3.3.4 Buttons

Get Factory Click to load the factory settings.

Get Default In the Current assay settings dialog: Click to load the latest default

settings settings.

Set As Default Click to save the entered settings as default settings.

OK In the Current assay settings dialog: Click to apply the settings to
the current assay.

Cancel Click to cancel any changes made and close the dialog.

3.4 Selected settings will affect primer set scoring

Some settings will affect the primer set scores while others, while noted, will not impact the
scoring. Furthermore, parameters that do affect scores will affect them differently. Many
parameters have an allowed range, within which primers are generated but given a penalty (i.e. a
decreased score), and an optimal range within which they are generated without penalty. A
detailed description of how different settings will affect primer set scores is shown below.

3.4.1 PCR Primer score effects

Min Primer Length 18 bp Primers within the set min and max
(bp): lengths are generated. This analysis
Max Primer Length 24 bp 18 - 24 bp step can result in warning messages for
(bp): short primers, but will not affect primer
set scores.
Optimal Amplicon 50 bp 50-250 bp Amplicons within the set optimal range
Length from (bp): are generated without penalties.
Optimal Amplicon 250 bp Amplicons outside the optimal range,
Length to (bp): but shorter than the max length, will be
Max Amplicon 600 bp generated but given a penalty that
Length (bp): increases linearly.
Allow Primer Over Unchecked - If the box is checked, a PCR primer is
SNP: allowed to overlap up to two SNPs
located within the 5’-end half of the PCR
primer. No penalty is associated.
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Primer
Concentration
(uM):

Min Melting
Temperature (°C):
Max Melting
Temperature (°C):

Max Allowed Tm
difference:

Max GC Difference
(%)

0.2 uM

56.0 °C

86.0 °C

10.0 °C

30%

68-74 °C

0-2 °C

0-10%

Primer concentration will affect the Tm
calculations.

Primers with Tm in the middle of the set
range, +/-3 °C, will be generated
without penalty (i.e. with factory
settings, Tm between 68-74 °C will not
get penalized). Primers outside the
optimal Tm range, but within the set
min and max temperatures, will be
generated but given a penalty that
increases linearly.

Tm differences within the optimal range,
0-2 °C, will be generated without
penalty. Tm differences higher than 2
°C, but lower than the set max value,
will be generated but given a penalty
that increases linearly with Tm
difference.

GC differences within the optimal range,
0-10%, will be generated without
penalty. GC differences higher than
10%, but lower than the set max value,
will be generated but given a penalty
that increases linearly with GC
difference.

3.4.2 Sequencing primer score effects

Min Primer
Length (bp):
Max Primer
Length (bp):

Min Distance
from target (bp):
Max Distance
from target (bp):
Allow Primer
Over SNP:

Generate

Forward Primers:
Generate Reverse
Primers:

15 bp

20 bp

0 bp
3 bp

Unchecked

Checked

Checked

15-20 bp

0-3 bp

Primers within the set min and max
lengths are generated. This analysis step
can result in warning messages for short
primers, but will not affect primer set
scores.

Primers within the set min and max
distance from target are generated
without penalties.

If the box is checked, a sequencing
primer is allowed to overlap up to two
SNPs without penalty.

Note: Primers will still not be allowed to
anneal over an SNP within the 7 last
nucleotides of its 3'-end.

No penalty effect.

No penalty effect.
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4 Performing an assay design

4.1 Introduction

Assay design can be performed for genotyping, allele quantification (AQ) and sequence analysis
(SQA). A proposed workflow for performing an assay design is shown below.

Work flow:
e Create an assay setup

Choose assay type, enter or import a DNA sequence, define the target region and PCR primer
regions (optional) and assign position names to the polymorphisms to be analyzed.

¢ Run an automatic design

Run the automatic assay design to create a number of different primer set candidates. It is also
possible to re-use one or two primers from a previous assay and generate matching primers, or
enter a complete primer set and have it analyzed by the software.

e View results and select a final primer set

The results of the assay design are displayed as primer sets with different scores and quality. It
is possible to view detailed results for the different primer sets by double-clicking on a set. The
primer set with the highest score is automatically selected as the final primer set (can be
changed if desired). When importing an assay into PSQ system software, the information for
the final primer set will automatically be transferred to the created Entry.

e Optional: Adjust the assay
It is possible to adjust the assay by changing the assay design settings.
e Save the assay
The assay can be saved as an xml format file (with the file extension xml).

Note: The xml format is not associated with the Assay Design Software application. Therefore,
assay files must be opened from the Assay Design Software and not by double-clicking on the
file in, for example, Windows Explorer.

Assay files can be imported into PSQ system software, automatically generating an SNP Entry
for the assay in the PSQ database.

Note: Once a primer set is imported into the PSQ software, the created Entry cannot be edited.
If editing is required, select menu choice Duplicate Entry in PSQ software to create an
editable copy of the Entry.

e View an assay report of the selected primer set

A report of the assay, containing detailed information on the selected primer set, can be
viewed, saved and printed. Two different report formats are available: Complete Results and
Summary.
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4.2 Create an assay setup

4.2.1 Step 1 - Choose assay type and enter a description for the assay

1. After launching Assay Design Software, a new assay file is automatically displayed in the
Assay window.

2. Choose assay type by selecting the desired assay (genotyping, allele quantification (AQ),
or sequence analysis (SQA)) from the Assay Type drop-down menu. The analysis steps
and primer scoring are automatically adjusted to the chosen application.

Bgzay Type: I Genotyping j

Allele quantification
Sequence analysiz [SHA]

Note: A new Assay window will by default be the same Assay Type as the last assay
that was analyzed.

3. If desired, enter a description for the assay in the Description field.

4.2.2 Step 2 - Enter the DNA sequence

1. Enter a DNA sequence on the Sequence Editor tab. There are four ways of entering a
sequence (see sections 4.2.2.1 and 4.2.2.2 for details):

e Import a DNA sequence in GenBank-, EMBL- or FASTA-format.

e Type in a DNA sequence

e Copy and paste a DNA sequence

e Open a previously saved assay file (*.xml)

Note: The entered sequence may not be longer than 10 000 characters.

The entered sequence is displayed on the Sequence Editor tab and on the Sequence
tab of the Assay window.

2. If the sequence was typed or pasted into the Sequence Editor, position the cursor at
the end of the sequence and click Enter to parse it, i.e. to get the sequence numbered
and the nucleotides in the sequence divided up in blocks of ten. If the entered sequence
contains characters that are not allowed, the first one will be highlighted in red. These
characters must be corrected or removed before assay design can be performed.

3. On the Sequence Editor tab, the entered sequence is arranged in blocks of ten
nucleotides. The polymorphisms are highlighted in bold and the position number for the
first nucleotide of a row is shown in the column to the left of the sequence. The first
polymorphism is automatically selected as target region (the target region can be
changed if desired).

The sequence can be edited. As soon as the sequence is edited, the numbering and
nucleotide grouping will disappear. Therefore, when editing has been finished, position
the cursor at the end of the sequence and click Enter to parse the sequence again.

4, On the Sequence tab, the entered sequence is displayed together with its
complementary strand. In addition to the sequence, a melting temperature (T.,) graph
and Gibbs free energy (AG) graph of the template sequence are displayed. Default
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target region and PCR regions can be viewed.

The Assay overview area gives an overview of the entire sequence with symbols for
polymorphisms and target regions. It can be used to quickly navigate in the sequence
on the Sequence tab.

Polymorphisms and/or target sequences for SQA (if unknown) are automatically
displayed in the Polymorphisms area. It is possible to skip between polymorphisms
and change target regions in the Polymorphisms area. It is also possible to select
which allele to display in the sequence on the Sequence Editor/Sequence tabs. The
different polymorphisms can be assigned Position names, which will then
automatically be transferred to the Entry upon import into PSQ 96MA or PSQ HS 96A
system software.

4.2.2.1 DNA sequence entry

Import a DNA sequence

Select File | Import Sequences.... or click on the button Import sequence to this
assay window in the Assay window. The Import Sequence dialog is displayed.

Locate the sequence to import (*.txt) and click Open.

Sequences in GENBANK, EMBL and FASTA format can be imported. FASTA files can contain
multiple sequences for simultaneous import. The different sequence formats are
exemplified in section 4.2.2.2.

Note: To perform import of multiple sequences in FASTA format, File | Import
Sequences... should be selected. The button Import sequence to this assay window
only works for import of one sequence at a time.

By default, the software only shows files with the ending .txt. If the text file containing the
sequence to import is not shown in the list because it has a file ending other than *.txt (e.g
if it originates from a Mac or UNIX system), select All Files (*.*) in the File format drop-
down list to display all files in the folder.

Type in a DNA sequence

Type the sequence as a continuous text in 5’-3’ direction. The allowed characters for
sequence input are A, C, G, and T, representing the four possible nucleotides adenosine,
cytidine, guanosine, and thymidine, as well as IUPAC codes for polymorphisms (W, R, K,
Y,S, M, B, H,D, V, N). Enter up to 10 000 nucleotides.

Polymorphisms (genotyping/AQ) and unknown regions (SQA) should be entered using the
respective formats described in sections 12.1 and 12.2. Nested polymorphisms are not
allowed.

Copy and paste a DNA sequence

Copy a sequence from a text editor (e.g. Microsoft Word or Notepad) or from an Internet
browser, and paste it into the empty area on the Sequence Editor tab.

If the sequence contains row numbers, these will automatically be removed when pasting
the sequence into Sequence Editor.

To copy a sequence from the Sequence Editor of one assay window, to the Sequence
Editor of a second assay window, right-click on the sequence and select menu alternative
Copy Entered Sequence. This is useful, for example, when designing assays for multiple
SNPs within the same PCR amplicon.
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e Open a previously saved assay file (*.xml)
Select File|Open to open a previously saved assay file (*.xml) in the Assay window.

4.2.2.2 Import DNA sequences

FASTA file format: Using FASTA format, several sequences can be imported simultaneously into
the Assay Design Software. For each sequence in the FASTA text file, one assay window will be
opened automatically and the respective sequence imported into the Sequence Editor tab. The
information in the header line preceding each sequence will be imported into the Notes field on the
Final Primer Set tab, and will also be the default name of the assay file created.

@ assay Design - APDE codon 112 - [ APOE codon 112 - Position1] el 1 —ojx|
Fle Edt fscay Windows Help =l81x|
. fssayType: [Genotyping = @Q
<o
Desciption G O
Sequencs Editor | Sequence ﬁnavnmersa|
2

Sequence to analyze: [Jimaed [Frimersatzene >] [ [@IL[VE

Created by [PrROS\as0375e Created: 2004-02-19 10:28 Modified: 2004-02-19 10:29

Notes

AFOE codon 119 = |

The FASTA file format is a common format for DNA sequence files. Sequences in FASTA file format
are preceded by a line starting with the symbol ">" as the first character. The rest of the line is the
name and description of the sequence (the header line). The following lines contain the sequence
data. The sequences should not have any numbers (e.g. line numbers) and should contain a
maximum of 10 000 characters each. SNPs should be denoted either with IUPAC codes, or with

slash-notation (e.g. C/T). Insertion/Deletion polymorphisms should be typed in square brackets
(e.g. [C]).

The sequences in FASTA format should be saved as text (*.txt) files. An example of a FASTA file
containing multiple sequences is shown below.

L=
File Edit Format Help
> AGR T449C =

gatcttccttoctgtoccttcagtgocctaataccatgtatttaaggctggacacatcaccactcccaacctgoctcacccactgogtc
acttgtgatcactggettctggigactctcaccaaggictotgtcatgocctgttataac,/ Tyactacaaaagcaagtcttacctatag
gaaaataagaattataacccttttactggtcatgtgaaacttaccatttgoaatitgtacagcataaacacagaacagoacatctttca
ATOCCTOCATCOTHaaqyCaTTTTTT TGt gTCT T Caat crgyotgrgiTartgrigyrgitraacagtorcoccageracactyggaa
aCTTCCAfaagyCact Tt acTtECI TGt TOrTitccecagtgretartagagyeottigcacagygtagyorcrttyyagcagery
aaggrcafacatoccatfagoggcagoagyytcagaaytgyicoCoyTgrTaoEtaagoaagact fEcacligocettyearatys
aCCT CogyCeTgCaTtyr cceT Gt gycert Tt gggyyTacat CTeocgyydeTggyTtoagaagyccrgyyTtgyTigycctcagyotytea
cacacctagyyagatyotcocgTiTargygaacattgye

> APOE codon 112

CCagoggagyTtgaaggacgr cCtTCoccagyagacgactgyccaatcacagcagyaagargaagyriargrgyyetgcyTTgetoyt
cacatteoftggeaggatgocaggocaagyrygageaagegityyagacagagecgyagesogagetgogecagcagacgagrygeaga
goggccagogcrgigaactggcactyyytaycritrgdyattacctgegtgggtgcagacactgratgageagytycagyagdagety
Ctcagoticfaggicacccagyaactjagyycgotyatggacyagaccatgaaggagrigaagyccracaaatcyyaactygaggaaca
actgacccogytgyoyyaggagacycyygcacgyctgricaadyagcrycaggifycgcagycioggetgygcgidgacatgyaggacy
Tovgcggocgoct gyt goagracegogglgaggtgeagyecatgct cygccagagcatcgagyaget gogygrgcgceragactaccad
ctgfgliagitgcitaagoggetotocgigatgicgatgaccigagaagvgcctggcagtgraccaggecygdcocgcgagyyoye
cgaglgeoggoctcagegicat cogegaggoct gygiccoctgytggaacagggecyiytgcgyyccyccact gtggget coct gty
gocagiogitacagiagoggycccagycct gggdcyagagget gogeycgoggatyiaggagatgygcagocyjacooyogacyocty
facgagotgaaggageaggtggogyagyrycgcyocaagot gyaggageagycccageagatacgetgeagyccyaggecttacagys
ccgoctcaagaglrggricgagecectgytggaagacatgcagegicagrgggccyggctggrgdagaagytgcaggctgocyryggca
CCaQCgeCyEcCTHT(oCCafcacaatcact §aacHcogaiyictgeagicatgogaccecacyicaciccqricctctycctacy
cgcagioTgoagcyiyagaccltgtocccgcccagcdyTacToctgiygtggaccotagrtraataaagattcaccaagrttcacys
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EMBL: Sequences in EMBL format, derived from the EMBL Nucleotide Sequence Database and
saved in text format (*.txt), can be imported into the Assay Design Software one at a time. The
information in the top rows of the EMBL file will automatically be transferred into the Notes field
on the Final Primer Set tab (see example below).

sayd - [Assayd] =loix|
ovs_Help L) x|
Assay Type: [ Genotyping - Q @ Q

Sequenes Editor | Sequence Final Primer Set |

o

| riqueseq [pmersareore <] (400 L[
Sequence to analyze: WL [ ] elalLisE

Crested by [PYROS\ss0375e Created: 2004-02-15 11:02 Modified: 2004-02-19 11,02

Notes

1D AEDO7EQ7  standard; genamic DNA, PRO; 2978 BP. =
IAC AEDO7S07: AECDT437:
SV AEQD

IDE  Clostidium acetobutylicum ATCC824 section 295 of 356 of the camplste
DE genome

05 Clostidium acetobuyicun

Polymorphisms
Namar

Postion | Tepe [

varswo|

|| anetes: =1

I 0of0 lo i@

Sequence files in EMBL format start with a number of information lines followed by the sequence.
The sequence will contain line numbers. Only sequence files up to 10 000 characters in length can
be imported. SNPs can be entered manually in the text file and should be denoted either with
IUPAC codes, or with slash-notation (e.g. C/T). Insertion/Deletion polymorphisms should be typed
in square brackets (e.g. [C]).

The sequence in EMBL format should be saved as a text (*.txt) file. The text file should start with
the ID line. The end of the sequence, at the bottom of the text file, should be a double slash: //.
For further information about how to save an EMBL sequence record on the correct text format, see
Save a file on EMBL text format.

An example of an EMBL text file is shown below.

& EMBL_Clostridium - Notepad T B [l |
Eile Edit Format Help
ID  AEODQFS07 standard; genomic DMA; PRO; 2978 BP. -
e
AC  AEQUTBO7; AEDOL43F;
e
SV AEQOTB07.1
bt
DT 31-JuL-2001 (Rel. 68, created)
oT 02-5EP-2002 (Rel. 72, Last updated, version 2)
e
pE  Clostridium acetobutylicum ATCC824 section 285 of 356 of the
complete
DE  genome.
0%
. =Iojx|
e Eie Edt Famat Help
o5 Clostridium acetobutylicum T ;gg,xr |
o Bacteria; Firmicutes; Clostridia; Clostridifo Sevare
Clostridiaceae; s ;EEQSL
oc  clostridiom. a Jprored ;
e FT 7trans Tation="MARTAGIDLPKEKRVE IGLTYTYGIGLTSSRK TTKATSVNPETRY.
Fr KDLTEE EVNALRDY TNKNFKTEGDL RREVALNI KRLVE IGCYRGIR HRRGLAVRGQKTK
rM 1] T TUARTRKGPKKAVASKKKK'
= boc
RP 1-2578 sa  sequence 2078 BP; 774 A; 629 C; 364 G; 1211 T; 0 other;
R¥  MEDLINE; 213509325. CracTtgcas ageagitiat Tiatirarta aaaragyyac Taageragel Taatcecrrt B
7 aaatiagiaa ctacactaat Tcragfataa caaltictge TecOregect CUTCLTgETC
R PUEMED; 11466286, ccattttgta gattctagtg tatccaccgt ttctctcget gtactttgga geaacttcat 1
RA ND'l'l‘mg 1., Breton G., omelchenko m.v., Mar Caaataattt t1taacaact GLTTCTTCLy TTacaaaget aagaactigt ctictageat 2
b grasatetcc TTCTTtgca agagrgatca TTTITTCEGE Tasacticta GUITCTTTLg H
Q., Gibson R., CTCTTQTTac agragrctct AtTiraccat gerilaaada actagtaact agattrctaa 3
RA  Lee H.M., pubois 3., Qiu D., Hitti 3., wolf GeatTGeTct TeTTTggtca graggacgac Craatttacy ataaccigal gocatgecta h
2 ’ 2 2 facctictta crttaactat tcatcatita actttaatga taatcctaaa getttaagtt 4
R.L., sabathe F., TCTOTTCaac TTCTTCTaaa QAaTTITCTTC Caaguliict aacTITCATc atatcrrcca 5
= 4 TATCTTLg agrTaatict tgaacagigr Trattcclgc TCTCTTraag casttataac &
RA DoucetTe-stamm L., Soucaille P., Daly M. ., | B0 e e e icrcsy ecrrines fretaant &
Koonin E.v., CLTCTTTITC TACCATTALC TCCAcaTcat cLOCATyate TQTaagagic ataaataatt 7
RA Smith B.R.: Taaaatgctc Tataagratc TITgCTgeca aactaattge TECTTCTggT citatagtac 7
= <R3 . . catttecca tacttotatg grgagritgr Coraatcadt tattrgagea actertgrat 8
RT Genome Seguence and Comparative Ana‘\yﬂs ) Trtcaacagr gaaattcact ctittgattg gagaatatat tgaatcaact GCTatTguLc o
colvent —Producin Crataggeat GrCatcrCTT TTatTCitat Tehgagtaac ataaccrotg Corctgitaa 960
a % . . CTTCaattrc catatatagc TTTCCATCTT CaTegagagt tgcratatgt aaatcortat 1020
RT  Bacterium clostridium acetohutylicum”; Tgataacitc Tacagatcca TCRagitcila Tatcagegec TOTAacchct ccaggrocat 1080
s . gTgcatctat atatattact TTagaalclt Caccitccal TTTgaggeal aaagetitaa 1.
RL 1. Bacteriol. 1B83(16):4823-45838(2001). TOTTAAgTAT CaaTTCTOa acgicTTCTT TTACTCCTTT aacagitgaa aactcatgaa 2
o giactcoctc aatTCTCact gaattagogy caacicctgg Taaagatgaa agaagrattc 2
ftcttaatga attgcccagy gtaattccat atcctcttic aagaggtfct acaacaaacc 3
Tgecataaga accaTCUTC gragactcaa Cacattcral TLTaggittt TCLatticca
RN 2 3
P 1-2078 aCaTaTerat aaCcCTCCTT aaaaataaaa Tggcaaccta TaTtgagggl aactgaatac 4
8 " agtcaaatta cttactatat aactcaacga TCAatgtctc tTTaattgga gratctatat 5
ra  childress p., Zeng 9., Smith D.R.; CETCTCTatt Tggctcrgca actattiftcy CTTCaaaatt atcatagett gortcaatcc 5
AT atgcrggraa agictitiga TTTTCTgCa: aagrcttgas TLTTTCAgUT Corctactcr 3
: . tctcactaac agatactact TCATTAactt ttaatgtata tgaaggtata TCTAcTTTCL 6i
RL  submitted (24-1UL-2001) to the EMEL/GenBank TTCCATTrac aaggaaatgl ccgtgagiaa CTaaTtgrct TQETTCITIT cTrgagetac 7
catagcctaa ttigtaagec acgttatcaa grettaattc caaaagetta agraggritt &
cacctgatat tcctttaatt ctitcagctc Trttatagta tattctaaat tgUiittcaa k]
gaacTCeata TATTCTTTLT GCTTLLTLT TTTCTCTTaa TTgraatceg Tagrttgasa 3
TTTTCTTICT geretgreca totactecty grgcataace teftertgra aatgeacatt o
Tatcrgrata geatctatca cocttaagga ataatiicaa acCTTCTeTT crgeataatc o
tgcatacage fccagratat cragccaita aatattcaca cctcctatat Tiitattaaa 2100
CTCCTCTTCT TTTTggtogt ctgcagecat TQTgrggrat tggagtaaca TCTTLtatta 2160
atgrasccic Taatcerjca gecTgTaaty atCTTattgc agortctctt cotgatccry 2220
grccttttac asacacatca acactcitaa grCCgTOTTC CATTgLgrl Trageagcrg 2
tttcagcage catttgagca gcaaaaggag tgctTtitct tgatcctita aatcctaatc 3,
Caccrgeact tgaccatgat asageatitc catiaacatc agrtatagia actatagaat 7
tgttaaaagt tgatttaata tgtgcacaac cgtgctctat attttttitc tottttotte 4
TTCTAgTTiT CETATTTILC THLacageca Tacttliclc CLTCCCTCCT TATcLtatac 5
TATLTTTICT TCTTagaage aactgecric TTTQUAccht TLCITGUECT Tgeatitget 5
TTagrTTITT grectctaac tggaagrect Cttctatgic tgattcctel grageatcca 6
aTttcaacta atcTCTTral atttasagct acTICTCETC Traaatcace Trcgatitig 7
aagUTCTTGL TaaTgraatc TcTtaatfca TTAacTTCTT cltcagrtaa atcctiaact 2760
CTagrttcag gattaacact TQragctitt ATaatTTitc TTOAacttgt tagtcctata 2820
Ccatatatat aagttagacc TattECAact CLTITTTCTT TLggtaggic aataccggct 2880
attctcgeca ttgacattta cacctcetgg Trttgratat atttattatt tatattataa 2040
5 agrritagyc aacaaagtgt Ttaacctitt Tgrtggca 2978

19 (85)



Save a file on EMBL text format

1. At the web site http://www.ebi.ac.uk/, the Nucleotide sequences database can be
searched either for a gene name, or for a specific accession humber. Type in the search

item and hit the Go button.

e

[[be ot yon Favotes oo el

(D Q| Qsearch Giravorts | Gristary

P [|is >
58k p webben

N . S

2. The search results in a number of hits. Click the EMBL number of the

open up a sequence record.

L)

-2 O 0 3] Bt Gitvote G | S H O

ess [ it BRI
Googles| =] Ghsekphvetten Gsokplaten | Pk gsm. B - Piieies

G0 SRS #
LD gy searcn umipi GuuiFurm Tools Resuts Projects Views. Databanks T2

Reset Query “[lios={emél emblcon}-AllText:PKLRI" found 38 entries nest

Resultioption: jus2151; pyruvate kinase (PKLR), DNA sequent 227]
Launch analysis tool: I EMBLAY399935 4v30003¢; y;;nmmf‘;u‘;gmgm VIRTUAL TRANSCRIPT, partial sequence, 1618
W  Jools § [BCD2S737; | ;nRNa (cDNA clone MGC:34243 IMAGE:5221657), complete cds. 2169)
st atiory e e Human pyruvate kinase type L mRNS, complete cds. 2431
Eeo

S59800; Gennm\c 132 nit, segment 3 of 23], 132|

| View resuts using: [ FMASE0ANT |ecnons PKLR-Ltype uwuvate Kinase {exon/intron junctions} (human, o J;I

&

[ [ mtenet

record of choice to

3. Click the Save button in the left panel of the sequence record to save the entry.

Entry Page

crosoft Internet Explorer B [=I3|

Bk - 4 - @ [ 4| Qoeach [Favoes Bistory | By S =

ackress [ ey m "A¥399933] =] @ |[unks >
Google-[ | fpstkpd webben  Gigsikpasien | P29k @ sidinfo -

G Gy search Library P Query Form Tools Results Projects Views Databar
Reset Entry 1 of 38 from Ouery 1 _Next Entry
1D Av355535  stamdards gemomic DA GSS; 1618 BP.
_ - B
Inform AC av399933;
xx
Entryfrom: EMBL | sv  avssssss.i
xx
Entry options BRI A
DT 17-DEC-2003 (Rel. 78, Last updated, Version 2)
xx
Launch analysis ool DE  Homo sapiens PKLR gene, VIRTUAL TRANSCRIPT, partial sequence, genomic
Bl g DE survey sequence.
xx
Lawnch) gy gss.
xx
Link to related
ncolielet 05 Homo saptens {numan)
: oC  Eukaryots; Metazoa; Chordate; Cramiata; Vertzbratas Euteleostomis Namalis:
Link) | oC  Eutheria; Primates; Catarrhini; Hominidas; Homo
xx
Saveentry:  sawe) | m (1)
i-1e18
View Clark 1.G., Glanovaki 5., Nielson R., Thomes P., Kedarival ., Tadd H.1.,

RL  Tamenbaun D.M., Civello D.R.,
Zheng X.H., White T.J., Sninsky J.d.,

Murphy B
Adans 1.

Ferriera §
Cargill

ang G.,

Printer Friendly

Ll
&

o] 2a] | [ ieemet Y
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4. Change the view from EMBLSeqSimpleView to *Complete entries* and hit the Save button.

ol x|

Gback - & - @D [2] A | Dsearch CFavortes (BHstory | 25 &b B - (2] @
Adcress [{] httpifjsrs.ebi ac.ukjsisbinjcai-binfwgete B
Google -[ = | Goskps webben  @ySek pd sten | P8Rk @ siinfo - pp - Plerkera

—

Reset ) Saving: Query "[EMBL:AY399933]" 1 entries
Qutput To:
© Browser Window (HTML) @ File (text)

Number of entries ta dawnlaad: |30

Save As:

© pscu text/table

Save with view: | EMBLSenSimpleView =
Calunn sspararf BTz a ]

L SeqSimpleview
FastaSeqs
" Genetic ML forn|3e0SimpYiew
EMELSeqSimpleview
Fosio?Seqs

Using the Inader
Specific XML format
Using the Ioader: |SeaSimp ~
Using XML PrintMetaphors with
id: [no valid metaphars found .
nmp _Save

SRS Relesse 7.01.1  Copyright @ 1997-2003 LION bioscience AS. All Rights Reserved, Terms of Use Fesdback

Bl |
& [ [ [ e

5. The Entry that opens is now in the correct format. Select File | Save As..., enter a file
name of choice and change the file type to Text File (*.txt). Press the button Save.

osoft Internet Explorer =lol x|
J Fi Ex = Tools  Help ‘
| wpack - = - D @t | @search GijFavorites (Bristory | BN S B - H 9
| dress [ hitpigfsrs b, ac.oksrsbinjeg-binfiagete =] @eo [unks
J GOi'SlG-I j B 5ok pd webben @Stk pd siten ‘ PageRank @@ sidinfa - Egupp ~ A Markera

I A¥399933 standard; genomic DMA: G33; 1618 EBP.

EE

ac A¥389933;
EE

av A¥399933.1
EE

BT  13-DEC-2003 {Rel. 78, Created)
BT  17-DEC-2003 {Rel. 78, Last updated, Version &)

44

DE  Homo sapiens PELR gene, VIRTUAL TRANSCRIPT, partial sequence, genomic
DE  survey sequence.

44

KU 58S,

44

0% Homo sapiens (human)

OC  Eukaryota; Metasom; Chordata; Craniata; Vertebrata; Euteleostomi; Hammalia; b
OC  Eutheria; Primates; Catarrhini; Hominidae; Homo.

44

BN [1]

RP 1-1618

Ri  Clark A.G., Glanowski &., Nielson R., Thomas P., Kejariwal i., Todd H.i.,
Rhi  Tanenbsum D.M., Civello D.R., Lu F., Murphy B., Ferriera §., Uang G.,
Ri  Zheng ¥.H., White T.J., Sninsky J.J., hdams M.D., Cargill M.;

RT "Inference of extensive non-neutral evolution from human-chimp-mouse
RT orthologous gene trios";

RL Bcience 302:1960-1963 (2003) .

EE

B [2]

RP 1-1618

Ri  Clark A.G., Glanowski &., Nielson R., Thomas P., Kejariwal i., Todd H.i.,
Rhi  Tanenbsum D.M., Civello D.R., Lu F., Murphy B., Ferriera §., Uang G.,

Ri  Zheng ¥.H., White T.J., Sninsky J.J., hdams M.D., Cargill M.;

RT

BL  Submitted (16-MOV-2003) to the EMBL/GenBank/DDBJ datshases.

BL  Celers Genomics, 45 West Gude Drive, Rockwille, MD 20350, USk

&7 bone [ 4 meernet

KN
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GenBank: Sequences in GenBank format, derived from the NCBI GenBank database and saved in
text format (*.txt), can be imported in Assay Design Software one at a time. The information in the

top rows of the GenBank file will automatically be transferred into the Notes field on the Final
Primer Set tab (see example below).

@ assay Design - Assays - [Assay5] =10/
Ele Ede g [ =l8ix
O e Tope [Genawping | g @ Q

00
Sequence Editor | Sequence [Final Primer St
[ =] @

=
o O

Sequence to analyze: Citnacen. [ =] S0 L8

Created by [PYROS\as0375e Created: 2004-02-19 11:42 Modified: 2004-02-19 1142
Notes

LOCUS_ NM_181567 1543bp mRNA linear ROD 22DEC-2003 =
DEFINITION Ms muscubus RIKEN cDNA 530404N21 gene (ES30404NZ1Ri), mANA.

|ACCESSION NM_181587

VERSION  NM_T81567.2 G1:31 7985565

SOURCE  Mus muscul Jus [hotise mouse] )

Polymotphisms

Aot 3
= vere El

Sequence files in GenBank format start with a number of information lines followed by the
sequence. The sequence will contain line numbers. Only sequences up to 10 000 characters in
length can be imported. If the sequence in the database record is too long to import, shorten the
sequence using GenBank functionality (See Save a file on GenBank text format).

Save a file on GenBank text format

1. Change the format to Text and press the button Send to.

D =18ix|
=
| wosk - 5 - D @) A} Qsewch iFaortes Py |- G- 5D
| aress [&1 ] P [[uns >
| Goigles] =] @hsokasuebben Gsptsten | PR @it - Eiiee + il
o X5 o3 >
< NCBI ‘w”w ® SNucleotide
= Pubvis ueshie Fusin
Search|Nucleotide — Gal Cleer
U Previewindex History Cipoaard Detalls
Display | [defautt Show]20 =] _Sendio | [Text ~ |_Feaures |

7 1: N 181587, Mus musculus RIKE,, [g531795586] [Fle
e

Locus _te1567 1543 by (CUEb08d hear  mop 22-dEc-z003

DEFINITION Mus musculus RIKEN cONA 6S30404NZ1 gene (6S30404NZIRiK), WRlA.

ACCESSTON  m_181587

VERSION NN 181587.2 GI:31785586

KEVUORDS

SOURCE
ORGANISH

REFERENCE
AUTHORS

TITLE

aoumiaL
PUBNED
REFERENCE
AUTHORS

T @ et
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2. If the sequence is to long to be imported into the Assay Design Software (i.e. more than
10000 characters), press the button Get Subsequence and select the desired sequence
range in the dialog that appears.

2 NCBI Sequence Viewer - Microsoft Internet Explorer =1B1x]
| Fe e Gow Fevetes Tois Heb

|- 5 - D E O] Quach [iraores By B S B - EH D

s = o Ju

| Gogee[ ] Ghsokphwebien Gsokpasten | PERSE 6 - B < Al

“o*e @&  :Nudeotide

Search[Nucleotide~] for B feteer:

Limits Previewlndex History. Clipooard Detalls
Display | [defeut ] snow|20 =]  Sendio |[Tea  ~] _ GetSubseguence | Features
™ 1: MM 181587, Mus musculus RIKE.. [gi31795586] Linke.
nn_1e1587 TR L 75 2o ww.ncbinim.nih.gov entrez;/ viewer feoi?db =N (o1 3]

DEFINITION Mus musculus RIKEN CDNA 6530404N21 gene
ACCESSION N 181587

VERSION NN 181587.2 1331795586 Cliatge'Soiduiite Rusige
KETWORDS .
SOURCE Mus musculus (house mouse) From [347] to[1543 (1-1543)

ORGANISH Jtus musculus

Eukaryota; Necazoa: Chordata; Craniata; DRFreaCsiplaied

SetRange | UnsetRange | Dismiss

REFERENCE
ITHORS.

[ (@ itermet 7
Tosniyuki, 5.
e, Louet iana, ¥ A, pavarsiGid:
5.
.. Schein,d.E. an
TIE Gencresion and iniviel aralyeis of more than 1,000 fuli-iengeh
mumen and mouse cDVA sequences
JOURNAL  Proc. Nacl. Acad. Sci. U.S.A. 99 (26), 16899-16903 (2002)
PUBNED 12477932
REFERENCE 2 (hases 1 to 1543)
AUTHORS ., Shibata,K., Yoshino,H., Itoh,H.
Fukunishi, ¥
Nishi, K.
Gosomors, T
U., Gamsterland,T.
.. Levis,S., Harsuo,
Quackenbush, ., Sehrinl, Scaubly,F., Suzuki,R., Tomita,H., =
&1 one [ [@ntemet
dstart||| A E WD S Sfinbox . | Btinder..| Bchept.. | -~ Asay .| Wticros... | E)acem...| Encers..| Eeenda.. | Glovee_.. | Eloved. |[Ehewr. (B0 ZOEE 1w

3. Select File | Save As..., enter a file name of choice and change the file type to Text File
(*.txt). Press the button Save.

=8l

o oo us>

] Gk lwebben Qsokphsten | PEEE i - e« Sharera || [Gcemsen

oo e

»

.

Lcleotide

Search[Nucleotide fw ] ﬁl Clear |

Previewindex History Clipboard Detalls
Display | [defaut show[20 ]| _Sendto | [Fie GetSubsequence | Features
™ 1: N 181587 Mus musculus RIKE..[gi31795586] Links
o 8 |

REFERENCE

T
oo O o
N = —

T FoRrTgueT, A-Cr, UTIMUO0W, v, SCRRTE, Vo, Wyers Kol
| Krzywinawi,K.1I., SkalekaU. Sty E.
. Schein,d.E., dones,5.0. snd Narca,M.
RORE  Gome oA B Sl fon Siten 15 ok art VRl 157 0S R
Human and mouse CDNA sequences
JOURNAL  Proc. Natl. doed. Sci. U.S.A. 99 (26), 16899-16903 (2002)

REFERENCE 2 (bases 1 to 1543)
ITHORS.

, Yoshino,H., TtohH.,
a

Quackenbush, . Schr)ml L.

| @ otemet

2 Bl
dstart||| A S WO 5 7| Blinboc... | B)inder. | #chapt.. | Eviros... | Bace .. | oenss...| GeveL.. |[Elncers... BRECLISLZQHM s

SNPs can be entered manually in the text file and should be denoted either with IUPAC codes, or

with slash-notation (e.g. C/T). Insertion/Deletion polymorphisms should be typed in square
brackets (e.g. [C]).
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The sequence in GenBank format should be saved as a text (*.txt) file. The text file should start
with the LOCUS line. The end of the sequence, at the bottom of the text file, should be a double
slash: //. An example of a GenBank text file is shown below.

i
file Edit Format Help

Locus NM_1E81587 1543 bp MRNA Tinear ROD 22-DEC-2003 -
DEFINITION Mus musculus RIKEM cDMA ©530404M21 gene (6530404M2LRTKI, mRNA. I~
IACCESSION MM_LB1587

IVERSION NM_1B1587.2 GI:3173358&
EYWORDS .
SOURCE Mus musculus Chouse mouse)

ORGANISM Mus musculus
Eukaryorta; Metazoa; chordata; cranjata; vertebrata; eureleostomi;
Mammalia; Eutheria; Rodentia; Sciurognathi; Muridae; Murinae; Mus.

REFERENCE 1 (hases 1 to 1543)

AUTHORS strausherg,R.L., Feingold,E.A., Grouse,L.H., Derge,J].G.
Klausner,R. 0., Cn'lhns F.5. wagner,L., Shenmen,C.m. , Schu'\er‘ G.D.
Altschul,s.F., Zeeberg B. Euetow,K.H., Schaefer,c.r., Bhat,N. K.,
Hopkins,R.F., Jordan,H., MDDI"E,T., Max,S. L., wang,J., HS"IEh,F.,
piatchenko,L., Marusina,k., Farmer,A.A., Rubin,G.M. Hnng,L.,
stapleton, M., Suaras M. B, , Euna1du M,

Scheetz, T.E., Brownsteim M, ., usdin, & Genpank_3- Notepad =1oix|

Carminci,F., Prange,c., Raha,s.s5., Lo Fle Edt Format Help

Abramson, R, D, , MU Tahy,s.3., Bosak, s. EOMAENT: BREDTETED. RERSCAS o )
: The mRNA record is supported by experimental -
McKarnan, K 1., Malek,3.A., Gunaratne, evidence; howewver, the coding sequence Eg predic¥ed.pThe reference il
W?ﬂe){ Hale,s., carcia,A.M., Ga sequence was derived from Bc052355.1.
villa U” D k. MUZ”Y,D-M-, sodergren, on Jun 17, 2003 this sequence version replaced gi:31712011.
Fahe T Helton,E. KEttEman,M-, Mad [FEATURES Lucat‘luﬂ/Qua'hg‘\Ers
Sang ez A, whitin , Madan, A, You source 54
Euuffard G G., Blal es ey, R W,y Tuuchm /Dr%amsm ‘Mus musculus”
bickson, M C., Rodriguez,A.C., Grimwoo AmoT_types="mp .
Euttarﬁew Y5, Krzywinski,Mm.I., sk Adb_xref="taxon:10090
schrerch, A. . Schedn, J.E., Jones,s.J. Achromosome="1%9
TITLE Generation and initial analysis of mo geng Lp.154%

/gene="6530404N21RTk"
'Genelb:67795"

'LocusID:67795"

="MGL:1915045"

human and_mouse CDNA sefuences

JOURMAL Proc. Matl. acad. sci. U.s.A. 99 (268)

PUBMED 12477932

REFERENCE 2 (hases 1 to 1543) DS

AUTHORS Kawai,J., shinagawa,A., shibata, k., v
Arakawa,T., Hara,A., Fukunishi,v., Ko
Adzawa, k., Izawa,M., Mishi,K., Kiyosa
saito,T., okazaki,¥., cojobori,T., BO
Kadota, kK., Matsuda,H. Ashburner m.
F'Iewschmanm ., Gaaster'land T., Giss=d
kuehl,P., Lewis,5., Matsuo,¥. “ikaid
Quackenhush,:l., Schr"lm'\,L.M., "staubTd
wagner,L., washio,T., sakai,k., okido

Jtransations"MSRVLVVGAGL TGSLCAALLRKEI TAPLYLGL "

ORIGIN

galdaralii,., sarsh,a., Blake, 7., oo 1 ggggacggcy aggerccgog TCTCTHTCag COgocTagor gaagggeage Cgocatgroc
Carninci, P, de Eona'ldo M.F., Brownst 61 coggtactod tegtgogogl tgogcfaace ggaagtcfgt gtgolicglt gotganfaag
Fletchar, C., Fujita,m., Gariboldi,m., 121 gaaataaccy ccccectgta cctoggecty toagicaagy gtogggatat agggogaaga
Hofmann, M Hume,D. A., Kamiya,M., Lee 181 atgattactq ccagoaghcc tcataatcoc cgatgecacag ctgacttggy agctcagtac
Marchwnm Les Mashima,J., Mazzarelld 241 atcacctgct ctcctcatta tgtcaaagag caccaaaatf tifatgagoga actgttaget
ring, B., R'ingwa'ld,M., rodriguez,I., s 301 catggaaltt TOAagoctol gacatccccc attgaaggaa tgaaagygaa ggaaggagat
sato, K., Schonbach,c., Seya,T., shiba 361 TgCaacTTtg TOHCaccTca AggatTTtot TCagrtatca agractactt §aaaaagtca
Toyn-oka, K., wang,k.H., weitz,c., whi 421 girgeagaad totcoctcaa glactgrgtyg actfagatcoc acctgaaaga taacaagtgy
Wynshaw—| EU!’"\S A, voshida, k., Hasegaw 4Bl gaagretcca cagacactgy CTETgt{ag cagrrigace TTHTCatcdt caccatgcda

ahd Hayash'lzak'\ . 541 Getictcaga ttctgnaact tcaaggtgac atfgrgaact taattagtoa acgccagagg

601 gagcaactga aatctgtgag ctactoctet cgctatgetc toggoctoft ttatgaagta

;CI)E\EEAL E:;Sﬁ;uggg %ggg;;mggsm@:gg Eg;éi}(ﬂﬂgt 661 ggcatgaaga ttggtgtccC ttggtcctge cgctacctca goagtcaccec ctgcatatge

' - 721 tfcatctcca ttgataataa gaagcgeaat atagagtcat cagaatgtgg tccatccgig

PUBMED 11217851 78l gTOATCCAada CCACTOTCCC ATTTUOAUTT CAacacttyg aggccagtoa gocugatotd
REFERENCE 3 (hases 1 to 1543) 841 CafjaagTtaa TOATCCagea ATTOHAdacc attcrgecyy grtrTgcctca Gocagrtget
AUTHORS  shibata, k., Itoh,M., Ajizawa,K., Magao 001 accatatgec ataaatggac atattcacag grtacaaget cagrtitcega Cagacctggr

96l cagatgacrtc TTCatcfdaa QoCTTTCT] GUorgegyag GoGatggatt Talrcactec
1021 aacttcaatg geotgoatctc ctetgocctg agtgfcatga aagtttfaaa gogttatatt
1081 tagtgtctgt gttcttgittc tctacattta ctttaggatt tttgttttca caatcoctotg
1141 ttattaattg ttctatittc ctttctgtga agagaaatta ctittggaaaa tgtcttcact
1201 tactgttatt tttaatatga aatataaaaa caatgttata attttgatag ctaccaccca
1261 T4OTaaagty ataacTTClT Aggctatart TCTTOCTcac TTTTCTYAcT TTattactaa
1321 tccttatigl agaaaaatgy TOCTTCtaag Toacaaataa c<ocaagocca (aattatact
1381 aaaccaaagt TETcattcat ggaaaatcrt Tatrtartcort TTgaaaactt cagrictaaa
1441 Taaataacag TTACTACCAA 4333334434 A3AAAAAAAA A3ARAAAAAA AAAAAAAAAA
1501 a3aa3aaaidad 3373333333 3333333333 3333333333 aaa

s

141
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4.2.3 Step 3- Name Polymorphisms and unknown sequences

4.2.3.1 Name polymorphisms and unknown sequences in the Polymorphisms area

An unknown sequence is treated in the same way as a polymorphism in the Polymorphisms area.

1. Display the desired polymorphism to give a Position name by using the arrows at the
bottom of the Polymorphisms area.

M4 Zof3 = M

2. Enter a position name in the Name field. This is the position name that will be imported
into the PSQ 96MA or PSQ HS 96A Entry.

4.2.4 Step 4- Optional: Set the target region

Genotyping/allele quantification: Assay Design Software automatically sets the first
polymorphism in the entered sequence as the target region for Pyrosequencing analysis. This is
indicated by a light blue highlight of the polymorphism on the Sequence tab and is shown in the
title bar of the Assay window.

Sequence analysis: The last unknown region, including three known nucleotides flanking either
side of the unknown sequence area, is automatically set as the target region for Pyrosequencing
analysis by Assay Design Software. This is indicated by a light blue highlight of the nucleotides on
the Sequence tab.

Notel: It is possible to select a target region that covers more than one polymorphism. If there
are two polymorphisms in close proximity that are to be analyzed in the same Pyrosequencing
reaction, the target region needs to cover both positions. Otherwise, the Sequence to analyze
generated by the program will be cut to exclude the second polymorphism. Sequencing primers
generated by the program will never overlap any part of the selected target region.

Note2: For selection of target region of repeat polymorphisms/STRs, see Section 9.9 in Hints &
Tips for special guidelines.

4.2.4.1 Change the target region

The target region is set either on the Sequence tab, on the Sequence editor tab, or from the
Polymorphisms area. How to set the target region in the Polymorphisms area and on the
Sequence Tab, respectively, is described below.

Skip between polymorphisms and set target region in the Polymorphisms area

1. If the entered sequence contains several polymorphisms, skip between them in
Sequence Editor by clicking the arrows in the Polymorphisms area.

M4 Z2of3 & M

2. Once the desired target polymorphism or unknown sequence region has been selected,

click the Set Target button @ .
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Set the target region on the Sequence tab

1.

Genotyping/AQ: On the Sequence tab, mark the polymorphism(s) to analyze and the
desired sequence length before and after the polymorphism(s).

SQA: On the Sequence tab, mark the region to analyze. If analyzing unknown regions,
include 2-3 known nucleotides flanking the unknown sequence in the target region.

Note: It is possible to search for a sequence motif to set as target region (see below).
Right-click on the marked sequence and select Target Region | Set Target Region.
Alternatively, select Assay | Target Region | Set Target Region in the menu bar.
The target region for Pyrosequencing analysis is highlighted in blue. On the Sequence
Editor tab, the nucleotides in the selected target region are highlighted in yellow.
Generated sequencing primers will be placed outside of this region.

The software automatically defines a PCR amplification region around the selected
target region, which is used for PCR primer design.

Note: It is possible to manually redefine within which sequence region the forward and
reverse PCR primers should be allowed to anneal. This is useful, for example, when the
sequence contains multiple polymorphisms that should be contained within the same
PCR amplicon. For further details, see section 4.2.5.

The assay setup is now complete. Continue with the instructions in section 4.3.

Search for a sequence motif in the entered sequence

1.

4.

5.

Select Edit | Find (or use shortcut key Ctrl+F). The Find area is displayed at the bottom of
the Sequence/Sequence editor tab.

Enter the sequence motif to search for in the Find what field.

Note: It is not possible to search for a polymorphism (e.g. C/T) or a sequence string
containing a polymorphism. The search string should only contain the characters A, C, G, or
T.

There are four different search directions to choose from.
e Forward sequence -search for a motif from left to right on the upper strand.
e Reverse sequence - search for a motif from left to right on the lower strand.

e Forward complementary sequence - search for a motif from right to left on the upper
strand.

e Reverse complementary sequence - search for a motif from right to left on the lower
strand.

Click Next to find the next occurrence of the motif. If found, it is marked on the Sequence
and Sequence Editor tabs. Click Previous to search for the former occurrence of the motif.

Click the cross button ﬂ to close the Find area.
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4.2.5 Step 5 - Optional: Redefine PCR primer regions

The software automatically defines PCR priming regions around the target, which are used for the
PCR primer design. It is possible to manually redefine within which sequence region the forward
and reverse PCR primers should be allowed to anneal.

Note: If there are two or more polymorphisms that should be contained within the same PCR
amplicon, the PCR primer regions need to be manually defined. Select the PCR primer regions so
that the forward PCR primer is only allowed to anneal upstream of the first SNP, and the reverse
PCR primer is only allowed to anneal downstream of the last SNP.

Define forward and reverse PCR primer regions

1. On the Sequence tab or Sequence Editor tab, mark the part of the sequence within
which the forward PCR primer should be generated.

2. Right-click on the marked sequence and select PCR Regions | Set Forward PCR
Primer Region.

3. Mark the part of the sequence within which the reverse PCR primer should be
generated.

4. Right-click on the marked sequence and select PCR Regions | Set Reverse PCR
Primer Region.

5. Bars placed over the sequence on the Sequence tab indicate the selected regions. On
the Sequence Editor tab, the selected regions turn blue. To hide the bars on the
Sequence tab, right-click on the sequence and deselect View | PCR regions.

6. The assay setup is now complete. Continue with the instructions in section 4.3.

4.3 Run an automatic design

4.3.1 Generate new primer sets

Click the Run Assay Design button to perform the assay design. The
1. progress of the analysis is shown in the form of a progress bar at the
bottom of the work area.

While analyzing, the button displays two rotating arrows.

2. @ It is possible to stop an ongoing assay design by clicking the
red Stop button, or by using shortcut keys Ctrl + Q.

3. The resulting primer sets are displayed in the Primer Set area.

It is also possible to enter primer(s) and generate matching primers, resulting in primer sets with
scores for Pyrosequencing analysis. Furthermore, a complete primer set can be entered and
analyzed to obtain a score and quality ranking. See section 4.3.2.
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4.3.2 Analyze previously designed primers

Re-use one or two primers from a previous assay and generate matching primers

On the Sequence tab, mark where the primer anneals to the DNA sequence. The
Find function can be used to search for a primer sequence string in forward or
complement/reverse direction (see section 4.2.4.1).

Right-click and select one of the following:

e Set As PCR Primer | Biotinylated if it is a PCR primer that should be
biotinylated (it will be set as forward or reverse depending on which side of
the target region the marked sequence is situated)

e Set As PCR Primer | Not biotinylated if it is a PCR primer that should not
be biotinylated (it will be set as forward or reverse depending on which side of
the target region the marked sequence is situated)

e Set As Sequencing primer if it is a sequencing primer

The primer appears on the Sequence tab and at the top of the Primer set area in
the correct field (forward/reverse PCR primer field or sequencing primer field).

Alternative:

At the top of the Primer set area, type or copy-and-paste the primer sequence in
the appropriate field (forward/reverse PCR primer field or sequencing primer field).

Note: Before a sequencing primer can be entered in the sequencing primer field,
its direction must be defined. This is done by pressing the Set sequencing

primer direction button fors

biotinylated.

and selecting which PCR primer should be

As soon as you leave the primer entry field, the software automatically places the
primer at its annealing site in the DNA sequence on the Sequence tab. Check that
this is the correct annealing site.

2. If desired, repeat the above procedure for the second primer (for example, two PCR
primers can be set and matching sequencing primers found by the software).

3. The entered primers are automatically locked as soon as you leave the primer entry
field. This is indicated by a darkened blue button @® to the right of the respective primer
in the Primer set area.

By locking the primer(s), the software keeps this primer(s) constant and tries to find the
best primer(s) complementing the locked primer(s). To toggle between locked/unlocked
primers, click the blue button to the right of the primers. Darkened buttons ® indicate
locked primers and highlighted buttons «* unlocked primers.
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4. Click the Run Assay Design button to start the assay design.

5. The results (primer sets containing the locked primers in combination with matching
primers) are listed in the list in the Primer set area.

Enter a complete primer set and obtain a score for Pyrosequencing analysis

1. If a new primer set is to be added to a list of generated primers, click the New primer

set button | @ . The fields at the top of the Primer set area are emptied to allow entry of
new primer sequences.

Click the Set sequencing primer direction button i
following primer set options appear:

in the Primer set area. The

VR N 1. Biotinylation not defined
— | | - 2. Biotinylation of forward PCR primer (reverse assay)
| e | 3. Biotinylation of reverse PCR primer (forward assay)

3. Select the desired primer set combination. The fields in the Primer set area are cleared
and new primers can be entered.

4. a. At the top of the Primer set area, type or copy-and-paste the three primers in the
appropriate fields (forward/reverse PCR primer field and sequencing primer field).

b. The software automatically places the primers at their respective annealing sites on
the DNA sequence on the Sequence tab. Check that these are the correct annealing
sites.

Alternative:

a. On the Sequence tab, mark where the primer anneals to the template sequence.
The Find function can be used to search for a primer sequence string in forward or
complement/reverse direction (see section 4.2.4.1).

b. For each of the three primers, right-click and select one of the following:

e Set As PCR Primer | Biotinylated if it is a PCR primer that should be
biotinylated (it will be set as forward or reverse depending on which side of the
target region the marked sequence is situated)

o Set As PCR Primer | Not biotinylated if it is a PCR primer that should not be
biotinylated (it will be set as forward or reverse depending on which side of the
target region the marked sequence is situated)

e Set As Sequencing primer if it is a sequencing primer

The primers appear on the Sequence tab and in their respective fields in the
Primer set area (forward/reverse PCR primer field and sequencing primer field).

5. All three primers are automatically locked as indicated by darkened buttons @® o the right
of each primer in the Primer set area. A score for the primer set will automatically be
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generated as soon as you leave the primer entry fields.

Note: By locking the primer(s), the software keeps this primer(s) constant and tries to
find the best primer(s) complementing the locked primer(s). To toggle between
locked/unlocked primers, click the blue button to the right of the primers. Darkened
buttons ® indicate locked primers and highlighted buttons ** unlocked primers.

—
Click the Save candidate button = to save the primer set to the primer set list. An
asterisk below the primer ID indicates that it is a manually entered primer set.

4.4 View results

4.4.1 View results - overview

The results of assay design are displayed in the Primer set area in the form of a primer set list.
Every primer set has been assigned a score and quality, which reflects its suitability for both PCR
amplification and Pyrosequencing analysis. By default, the primer sets are sorted by primer set
score (0-100, where 100 is the best score) so that the best primer set ends up at the top of the
list.

The primer set list can be sorted in other ways, see section 4.4.3. One hundred primer sets are
shown by default. This value can be changed in the Default assay settings dialog, if desired.

By default, the top score primer set is:
e shown at the top of the Primer set area
o displayed first in the primer set list and highlighted in light blue to indicate that it is selected

e defined as the final primer set, indicated by a dark gray box surrounding it (the selection of
the final primer set can be changed if desired, see section 4.4.4).

4.4.2 Scoring and quality

Primer set description

3 = Fl  ACAGGATAGACAGATAGGACAH
5 — B3  TCTCTTIGGIGTGTCTCTAATTC
=+ 81  GGACAGATATAGACACCAGA

The color in the left panel indicates the quality of the primer set. The arrows indicate the direction
of the corresponding primer. The ring on the reverse PCR primer arrow indicates that this primer is
biotinylated.

Blue > 88 High quality.
Yellow 60-87  Medium quality.
Orange 40-59 Low quality.

Red 0-39 Bad quality. Discard the primer set.
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Symbol Description

#3 Primer set ID.

58 Primer set score.

F1 Forward PCR primer ID.
R3 Reverse PCR primer ID.
S1 Sequencing primer ID.

For a primer set with high quality, i.e. labeled with color code blue and with a score higher than
87, none of the analysis steps performed have identified any problems of concern. The software
algorithms are very stringent in their analyses and a high score primer set can therefore be used
directly without any further manual checks or analyses.

For a primer set with quality medium or low, i.e. labeled with color-codes yellow or orange, one
or several of the analysis steps have identified problems that may be of concern. The software
algorithms are quite stringent, and most medium score assays can be expected to work very well,
whereas low score assays only should be used after very careful consideration. In general, two
primer sets with similar scores are of equal quality and either one of them can be selected for
Pyrosequencing analysis. For primer sets with equal scores it may sometimes be informative to see
if the primer set score has been lowered because of a rather severe penalty in one analysis step or
because of several, individually lower penalties. In this case, the latter primer set with many small
penalties, rather than the first one with a single severe structure, will probably be the better
choice.

A potentially severe structure in an analysis step is indicated by a Penalty > 50, which will generate
a warning, visible in the information field on the Sequence tab. The higher the penalty, the larger
is the risk of problems. If an individual analysis step gets Penalty 100, the problem is considered
serious enough to set the whole primer set score to 0 and thereby make it Discard quality.
Penalties lower than 50 are in general nothing to be concerned about. To view detailed information
on different primer sets, see section 4.4.3 for further instructions.

4.4.3 Sort the primer set list

In addition to sorting the results by primer set score, it is possible to sort the results by PCR Score,
Seq Score and Seq Position and ID. This can be useful if the sorting of the primer set list by primer
set score gives a low variability among the primer sets. For example, if you do not find enough
different forward PCR primers to be displayed in the list.

The option to display Unique sequencing primers may be useful when performing multiplex assay
designs.

To sort the primer set list:

1. Select the desired sorting option from the drop-down list in the Primer set area.
[] Ynique =&q. | Primer set score ll FEEF
PrImer=s
#1 = F1|FERscore TCGTGATE
¥ |=o pa|Seascore CCCCATCAR
91 —_ Seq position C
Id
#2 =~ FZ  TTGGCCAGGTTGGTCTTG
- =0 IZ  GTCTCCCAGCAAMCAALACACT

2. Check the Unique seq. primers box to display unique sequencing primers. Only the best
primer set generated for each sequencing primer will be displayed in the list. This mode of
display may be useful when designing multiplex assays.
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4.4.4 View information on different primer sets

By default, the primer set with the highest score is selected as the final primer set by the software.
A dark gray box surrounding the primer set indicates that it is selected as final. For a primer set
with high quality, i.e. labeled with color code blue, none of the performed analysis steps have
identified any problems of concern. Thus, a high score primer set can be used directly without any
more checks or analyses.

For lower quality primer sets, however, a manual analysis may be required before use. To view
more information on primer sets, follow the instructions below.

To view information on a primer set:

1. Click on the desired primer set in the Primer set area. The selected primer set is
highlighted in light blue and displayed in the top fields of the Primer set area.

In the right-click menu, there is an option to Copy Primer Set. A copied primer set can
be pasted into the entry fields of a different assay window, or into a text editor like
Microsoft Word. There is also a menu alternative for copying the whole list, Copy All
Primer Sets, to e.g. a Microsoft Word document.

2. On the Sequence tab, the primers are displayed together with the DNA sequence, as
well as the graphs of the melting temperature and Gibb's free energy. The biotinylated
PCR primer is marked with a ring at the 5’-end. Any warnings generated for the primers
are indicated by a warning triangle next to the primer. When a new primer set is
selected in the Primer set area, the graph on the Sequence tab is automatically
updated.

3. The Assay overview area, at the top right corner of the work area, gives an overview
of the entire sequence with symbols for polymorphisms, target regions, primers, and
mispriming sites. Use this area to get an overview of the whole sequence, of primer
positions and mispriming sites. Also use it to quickly navigate to a specific part of the
sequence on the Sequence tab in the Assay window.

4. In the information area (on the Sequence tab), general information about the primers
in the selected primer set, including primer sequence, length, warnings, sequence to
analyze etc., can be viewed. If at least one analysis step has identified a problem of
potential concern, a warning triangle and an associated warning message will be
displayed in the information area. Use this as a quick indication of what analysis steps
you need to check in the detailed report.

When a new primer set is selected in the Primer set area, the information area is
automatically updated.

5. To view even more detailed information on the highlighted primer set, double-click the
primer set or choose menu alternative Assay | View Report... or click the button View
assay report in the Assay window or right-click on the primer set and select View
Report. The Report window opens displaying detailed information on the primer set,
e.g. the different analyses performed for each primer and primer combinations.
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4.4.5 Optional: Select a different primer set as final

The final primer set is the set that will be imported into PSQ 96MA or PSQ HS 96A system software.

1. Right-click on the primer set of choice and choose Select as final. Alternatively, select

the primer set and click the Select as final button |¥". A surrounding dark gray box
marks the chosen primer set.

2. The final primer set is displayed on the Final Primer Set tab of the Assay window.

On the Final Primer Set tab, it is possible to change the IDs of the primers, edit the
creator of the assay and add notes about the assay.

4.5 Adjust an assay

4.5.1 Change the assay design settings

If the software fails to generate acceptable primer sets using the default settings, the results may
be improved by changing the settings for PCR primer and sequencing primer design.

It is also possible to change the default settings to be applied on all new assays. See Chapter 3.

To change assay settings and re-analyze the assay:

1. @ Click the Settings for this assay button in the Assay window. The Current
: assay settings dialog opens.

2. Change the settings by entering the desired values, checking/unchecking the desired
boxes and clicking OK. The selected settings will only be used for the assay in which the
Settings for this assay button was clicked. To view a description of the parameters
that can be changed, see section 3.3.

Click the Run Assay Design button to re-analyze the assay and
generate primer sets based on the new settings.

4. The results are displayed in the primer set list in the Primer set area. View the results
and select a final primer set, see sections 4.4.3 and 4.4.4, or try to adjust the assay
settings in a different way.
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Buttons in the Current assay settings dialog

Get Factory Click to get the factory settings.

Get Default Click to get the default settings.

Set as Click to set the current settings as default settings and use the settings in

Default the assay. The settings will also be applied in the Default Assay Settings
dialog.

OK Click to apply the selected settings for the assay in which the Settings

button was clicked.

Cancel Click to cancel any changes made and close the dialog.

4.5.2 Edit the PCR and sequencing primers

It is possible to edit PCR and sequencing primers, both on the Sequence tab and in the Primer
set area. The edited primers will automatically be reanalyzed to generate a new primer set score.
Editing primers can be useful e.g. when generating an assay with a universal PCR primer tail, or
when adding nucleotides to the 5’-end of a PCR primer to circumvent a template loop.

For more hints & tips when editing primers, see Chapter 9 - Hints & Tips.

To edit PCR and sequencing primers:

1. If the primers to edit are locked (indicated by darkened blue buttons "‘), click on the
buttons to unlock them (unlocked buttons are highlighted «*).

2. a. Drag the primer along the sequence or change its length

On the Sequence tab, click on the primer to edit and drag the primer along the
template sequence to change its position. If the mouse-pointer is instead pointed at the
end of the primer, the pointer icon will change to a double-arrow symbol. Dragging will
then change the primer length, rather than moving the primer around.

The sequence of the primer, displayed in the Primer set area, is automatically adjusted
to the template sequence to which it anneals. A new, re-calculated score and quality
color are displayed at the top right corner of the Primer set area.

b. Add/remove nucleotides in the primer sequence

In the Primer set area, click in the desired primer field and enter/delete the desired
nucleotides in the primer sequence. Only A, C, G, or T can be added to the primer
sequence. A new, re-calculated score and quality color are displayed at the top right
corner of the Primer set area as soon as you leave the primer field.

Note: PCR primers with universal tails, or primers with non-specific tails to avoid
template loop formation, can be created in this way. See Chapter 9 - Hints & Tips for
more information when editing primers.

3. A new primer set has been created. The primers are automatically re-analyzed and the
score updated.

-
When satisfied with the results, click the Save candidate icon & in the Primer set
area to save the primer set to the list. The primer set will receive a unique primer set ID
and be placed at the bottom of the list. A star will indicate that it has been manually
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added to the list.

View the result and select a final primer set, see sections 4.4.3 and 4.4.4, or try to
adjust the assay in a different way.

4.5.3 Select one or more primers from a primer set and re-analyze the assay

It is possible to lock one or two of the primers in a primer set and re-run the analysis to generate
different candidates complementing the one or two locked primers.

Example 1:

Select a certain sequencing primer and then generate a list of primer sets with PCR primers
matching the sequencing primer.

Example 2:

Select the forward PCR primers and generate a list of primer sets with a matching reverse PCR
primer and sequencing primer.

To lock a primer and generate matching pairs:

1. Click on the blue buttons to the right of the desired primers to lock them (the blue
buttons will darken).

2. Click the Run Assay Design button in the Assay window to re-analyze the assay.

3. The results are displayed in the Primer set area. View the results and select a final
primer set (optional), see sections 4.4.2 and 4.4.3, or try to adjust the assay in a
different way.

4.6 Save an assay

An assay can be saved in .xml file format. The stored assay file can be used either to re-open the
assay in Assay Design Software, or to import an Entry in PSQ 96MA or PSQ HS 96A system
software.

To save the assay:

1. Select File | Save (or Ctrl+S) in the menu bar or click the Save 0
button in the Assay window. The Save as dialog opens.

2. Locate the folder in which to save the assay.

3. Enter a name for the assay and click Save.

If changes are made to the assay and the assay is saved, the assay file is overwritten
with the new information. To save the assay in a different folder and/or with another
name, use the Save As command.

Note: The xml format is not associated with the Assay Design Software application.

Therefore, assay files must be opened from the Assay Design Software and not by
double-clicking on the file in, for example, Windows Explorer.
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To save the assay in a different folder and/or with another name:
1. In the menu bar, select File | Save As. The Save as dialog opens.
2. Locate the folder in which to save the assay.

3. Enter a name for the assay and click Save.

4.7 View an assay report

There are several ways to display a report with detailed information for a selected primer set. The
report can be printed and/or saved in either Html- or text-format.

4.7.1 View a report

To open the Report window, select the primer set by clicking on it in the Primer set area and do
one of the following:

e double-click the primer set

e choose menu alternative Assay | View Report...

e click the button View assay report in the Assay window
e right-click on the primer set and select View Report

e press the short cut key combination Ctrl + R

The Report window opens displaying detailed information on the primer set, e.g. the different
analyses performed for each primer and primer combinations. There are four different report
formats to choose from as listed in the left part of the Report window.

Report formats

Complete A report in Html format. The report contains detailed information

Results about the assay, and the selected primer set in particular. It
presents details of the analysis steps that have been performed
and any penalties and/or warnings that have been generated
during the design.

Complete A report in text format. The report contains detailed information
Results about the assay, and the selected primer set in particular. It
(Text) presents details of the analysis steps that have been performed

and any penalties and/or warnings that have been generated
during the design.

Summary A short summary in Html format. The summary contains
information about primer sequences and biotinylation, in a format
that is suitable for ordering oligonucleotides.

Summary A short summary in text format. The summary contains
(Text) information about primer sequences and biotinylation, in a format
that is suitable for ordering oligonucleotides.
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4.7.2 Print a report

Choose which report format to use by clicking on the desired report format in the column
to the left. If Complete Results (Text) or Summary (Text) are selected, a report in text
format can be printed. Otherwise the report will be in HTML format.

Click the Print report button in the Report window.
=)

Click the Print preview button in the Report window to preview the printout. Click Close
to close the preview.

The standard Print dialog opens. Select the printer on which to print the report and click
Print.

4.7.3 Save a report

A report can be saved in text- or html-format.

1.

Choose which report format to use by clicking on the desired report format in the column
to the left. If Complete Results (Text) or Summary (Text) are selected, a report in text
format can be saved. Otherwise the report will be saved in HTML format.

In the Report window, click the Save report button.

@

The Save as dialog opens.
Locate the folder in which to save the report.

Enter a name for the report and click Save.
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5

Performing batch assay design

5.1 Introduction

Automatic batch assay design on several sequences can be performed for genotyping, allele
quantification and sequence analysis. When running batch analysis, all open assay windows will be
analyzed with their respective settings.

A proposed workflow for performing a batch assay design is shown below.

Create assay setups

Enter or import DNA sequences into different assay windows, choose assay type, define the
target region and PCR primer regions (optional), and assign position names to the
polymorphisms to be analyzed. See Chapter 4 -Performing an assay design for further
details.

Run automatic batch assay design

Run batch assay design for simultaneous analysis and design of all open assays. Start by
defining the folder where the resulting assay files should be stored. During batch analysis, the
program will be locked and cannot be accessed again until all open assays have been analyzed
(or until batch analysis has been stopped).

Save the results

After batch assay design has finished, the successfully analyzed assays will be automatically
saved as xml format files (with the file extension xml) in a folder of choice, together with a text
report of the best primer set per assay. Only failed assay files will remain open in Assay Design
Software for evaluation and further analysis.

Optional: Adjust the assays

If an assay is to be adjusted, open the relevant assay file and edit primers or change assay
settings. See Chapter 4 -Performing an assay design for further details.

View an assay report of the selected primer set

To view a detailed report of a designed assay, open the relevant assay file and view the report.
See Chapter 4 -Performing an assay design for further details.
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5.2 Run automatic batch assay design

Once target regions, position names and assay types have been selected for all open assays, batch
analysis can be started.

1. Select Assay | Setup Batch Assay Design. This opens a dialog where the
output directory for the resulting assay files and text report can be selected.

2. Select Assay | Run Batch Assay Design to open the Batch Design
Progress dialog. Batch design is automatically initiated for all open assay
windows.

3. Optional: The analysis can be stopped at any time by clicking the Stop
button.

4. After analysis, all successful assays have automatically been saved and
closed. Only failed assays will remain open in Assay Design Software. The
output field of the Batch Design Progress dialog shows a short report with
the best primer set generated per assay. This report can also be saved to
the output folder, under the name PSQ Assay Design Log.txt, by clicking the
Save button.

Note: If a new batch design is started, using the same output folder as for
the first one, the new primer set information will be added to the bottom of
the PSQ Assay Design Log.txt file. Thus, PSQ Assay Design Log.txt will never
be over-written by consecutive analyses.

5. Close the Batch Design Progress dialog to regain access to Assay Design
Software.
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6 Importing an assay file into PSQ system software

The instructions below describe how to import assay files from within PSQ 96MA Software or PSQ
HS 96A Software. Import will automatically create an SNP Entry for the imported assay file.

Note 1: Import of assays is only supported by PSQ 96MA version 2.1 or higher, and PSQ HS 96A
version 1.2 or higher.

Note 2: Assays can only be imported into SNP Simplex Entries. SQA Entries and SNP
Multiplex Entries do not support import of assay files.

To import an assay file into PSQ 96MA or PSQ HS 96A Software:
1. Open PSQ 96MA Software or PSQ HS 96A Software.
2. Select SNP | Simplex Entries to display the Simplex Entries tree view.

3. Right-click on the folder in which to save the assay file (the Entry) to import and select
Import Entries from the pop-up menu. The Entry Import dialog opens.

4. Click Browse, locate and select the assay file (*.xml) to import and click Open.
Alternatively, enter the file path to the file in the File to import field and click Enter on
the keyboard. The Entry in the selected file is shown in the Entries area of the dialog.

5. At import, a dispensation order will be generated for the assay. By default, if this
dispensation order would generate warnings in the PSQ system software, the import will
be stopped and failed. If you want to override this, check the Import if dispensation
order gives warnings box to import entries even if warnings are generated by the
dispensation order algorithm.

6. Click Import to import the assay file (the Entry). During import, the software calculates a
dispensation order, and warnings and error messages may also be generated. If there are
many polymorphic positions in the sequence to analyze, the dispensation order generation
may take time.

7. When import is complete, a dialog appears saying that the import has finished. It is
possible to stop the import by clicking Stop.

Note: It may take some time before the import is stopped because the dispensation order
generation cannot be interrupted.

8. The Entry in the Entries area is updated and shows the import status of the Entry (Status
column) and, if generated, warnings (Dispensation order warnings column) and error
messages (Dispensation order errors column). The status shows whether the Entry was
imported or not and the reason if it was not imported. An icon in front of the Entry also
indicates the status. Double-click on an entry in the Entry ID column to display an
overview of the information in a window that opens above the list.

Successfully imported entries can now be opened from the simplex entries tree view and
used in run setups.

Note: If import fails because an Entry with the same name already exists in the PSQ
database, refer to Section 9.10 Troubleshooting guide for help.
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7 Guidelines for PCR and sequencing primer design

7.1 Introduction

Assay Design Software generates primers that fulfill the specific requirements of Pyrosequencing
analysis. Depending on the chosen assay type, the software carries out a number of analysis steps.
Any potential problems detected in these analysis steps will generate penalties. The weighted sum
of the penalties is used to calculate a total score for each primer set, and the result is a list of
primer set candidates with different scores for quality and suitability for PCR and Pyrosequencing
analysis.

A number of parameters are taken into account when using Assay Design Software to generate
primer sets (PCR and sequencing primers). Many parameters, e.g. target distance, can be changed
in the software using the Default assay settings dialog. The software always tries to achieve the
set optimal conditions when designing the primer sets. Primer sets where the conditions deviate
significantly from the set optimal conditions will get a higher penalty, and thereby a lower total
score and quality.

The primer design part of the User Manual includes information on:

e The analysis steps carried out by the software, i.e. which parameters and secondary structures
are checked and detected by the software when designing PCR primers and sequencing
primers.

e Guidelines for PCR primer design.

e Guidelines for sequencing primer design.

7.2 Analysis steps performed by the software
7.2.1 Introduction

When designing PCR and sequencing primers for Pyrosequencing analysis in Assay Design
Software, a number of analyses are carried out resulting in a list of primer set candidates with
different scores (100-0, where 100 is the best score) and quality.

Different analyses are used to assess the PCR primer pairs and sequencing primers. Each analysis
results in a penalty based on secondary structures or other potential problems that may have a
negative impact on the PCR or Pyrosequencing analysis. The final score of the primer set is a
cumulative, weighted sum of the penalties from all analyses.

Within a given template sequence, high scoring primer sets have a higher probability of success
during PCR and Pyrosequencing analysis than lower scoring selections. In a high quality primer set,
i.e. labeled with color code blue, none of the performed analysis steps have identified any problems
of concern. Therefore, a high score primer set can be used directly without any more checks or
analyses.

Warnings and penalties

Primers automatically generated by the software are always within the parameters defined in the
Default assay settings. However, if the primers deviate too much from the optimal, target settings,
penalties and sometimes warnings are issued. Warnings and/or penalties are also issued if the
software detects non-favorable conditions, such as secondary structures, in an analysis step. A
warning is only issued for potentially serious problems, where the generated penalty is above a
certain threshold value (50).
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Primers that are added manually, or edited, will receive warnings and/or penalties when
parameters outside the Default assay settings are detected, in addition to the warnings and

penalties described above.

Warnings are displayed graphically in the information area, and associated with a warning
message. Use this information as a quick indication of which analysis results will need to be

inspected more closely in the report. In the primer set report, warnings are displayed together
with penalties for the individual analysis steps. See section 7.2.2 - Warning messages for a list

of possible warnings and corresponding descriptions.

Differences in the analysis steps for the different assay types

The analyses carried out by Assay Design Software when designing primers are:

e Individual PCR primer analyses
e PCR primer pair analyses
e Sequencing primer analyses

e Primer set analyses

Some analysis steps differ between the three assay types: genotyping, allele quantification (AQ),

and sequence analysis (SQA). The following table gives an overview of the differences in the

analyses.

PCR primer pair analysis: Yes
Amplicon length

Homopolymers

Sequencing primer No
analysis:

A-nucleotide in

polymorphism

Primer set analysis: Yes
Generation of sequence

to analyze

Sequencing primer Yes, with low
analysis: penalty level.

Yes

Yes

Yes, with high penalty

level.

Yes

Not for sequences
containing unknown
regions.

No

No

No
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7.2.2 Warning messages

A warning is issued if an analysis step receives a penalty larger than a certain threshold value (50).
The warning serves as an indication that the triggering analysis step has detected a potentially
serious problem. The following tables give an overview of possible warnings, and the analysis steps
they are linked to. Some of the warnings are only generated for manually entered primers, never
for automatically generated primers.

PCR primer analysis

Deviation from optimal T,, Melting temperature analysis.

Self-annealing duplex detected Duplex formation analysis.

Hairpin loop structure detected Hairpin loop analysis.

Mispriming site detected Mispriming analysis within the entered sequence.

Primer with low complementarity Primer/template complementarity analysis.

Deviation from optimal 3'-end PCR primer 3’-end stability analysis.

stability

T.. for PCR primer is outside Only for manually entered primers. Melting

settings temperature analysis.

Primer length shorter than min Only for manually entered primers. Primer length
analysis.

PCR primer pair analysis

Amplicon length outside size limit Only for manually entered primers. Amplicon length
analysis.

Deviation from optimal amplicon Amplicon length analysis.

size

Deviation of %GC in PCR primers GC content difference analysis.

and/or amplicon

Deviation of %GC in PCR primers Only for manually entered primers. GC content

and/or amplicon is outside difference analysis.

settings

T. difference out of range Only for manually entered primers. Melting
temperature difference analysis.

Large T. difference Melting temperature difference analysis.

Cross-annealing duplex detected Analysis of duplex formation between the forward
and reverse PCR primers.
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Sequencing primer analysis

Low sequencing primer Tm Melting temperature analysis.

Primer with low complementarity Complementarity analysis.

Self-annealing duplex detected Duplex formation analysis.

Hairpin loop structure detected Hairpin loop analysis.

A homopolymer is detected Homopolymer analysis is only performed for

adjacent to polymorphism genotyping or allele quantification.

Primer length shorter than min Only for manually entered primers. Primer length
analysis.

Position outside settings Only for manually entered primers. Analysis of the
distance between sequencing primer and target
region.

Primer set analysis

Duplex between sequencing Analysis of duplex formation between sequencing
primer and biotinylated PCR primer and biotinylated PCR primer.

primer detected

Mispriming site detected for Mispriming analysis for sequencing primer within the
sequencing primer PCR amplicon.

Hairpin loop structure on Biotinylated PCR primer hairpin analysis.

biotinylated PCR primer detected

Loop structure detected on Template loop analysis.
template
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7.2.3 PCR primer analyses

The following analyses are performed on the individual PCR primers:

GC content (%)

Complementarity

Duplex
formation

Hairpin loops

Melting
temperature

Mispriming

Primer end
stability

Primer length

Calculates the GC content in
percent.

Analyzes the level of

complementarity between the PCR

primer and its annealing site.

Detects possible PCR primer self-
annealing (fwd-fwd and rev-rev)
duplex formations.

Detects possible PCR primer hairpin

structures.

Calculates the deviation between

the melting temperature of the PCR

primers and the optimal melting
temperature. By default, the

melting temperature algorithm used

is the Nearest Neighbor method.

Detects alternate annealing sites for

each PCR primer on the entered
sequence (and reverse
complementary sequence).

Calculates the relative stability
(Gibbs free energy) difference

between the primer 5’- and 3'-ends.

Calculates the deviation between
the actual primer length and the
optimal primer length.

e Automatically generated
primers are always
completely complementary.

e Manually added or edited
primers will receive a
penalty and a warning for
non-complementary
sequence motifs.

e Non-complementarity is
penalized more for the 3'-
end of the primer than the
5'-end.

If potentially serious duplexes
are detected, the primer will
receive a penalty > 50 and a
warning.

If potentially serious hairpin
loops are detected, the primer
will receive a penalty > 50 and a
warning.

If the deviation is high, the
primer will receive a penalty >
50 and a warning.

If potentially serious alternate
annealing sites are detected, the
primer will receive a Penalty >
50 and a warning.

The PCR primer specificity
increases if the 5’ end is more
stable than the 3’ end.

If a manually entered primer is
shorter than the minimum
setting, it will receive a warning.
The primer score is not affected.
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7.2.4 PCR primer pair analyses

The following analyses are performed on PCR primer pairs:

Amplicon length Calculates the deviation of the If the amplicon length deviates
actual amplicon length from the significantly from the optimal
optimal range. range, the PCR primer pair will

receive a penalty > 50 and a
warning.

Duplex formation Detects possible PCR primer If potentially serious duplexes are
cross-annealing (fwd-rev) detected, the PCR primer pair will
duplexes. receive a penalty > 50 and a

warning.

GC content Calculates the difference in GC PCR primers with a GC differences

difference content between forward and within the optimal range, 0-10%,
reverse PCR primer and between will be generated without penalty.
the PCR primers and the GC differences higher than 10%,
amplicon. but lower than 30%, will be

generated but given a penalty
that increases linearly. At penalty
> 50, the primer pair will receive

a warning.
Melting Calculates the deviation between If the deviation is large, the PCR
temperature the actual T,, difference between primer pair will receive a penalty
difference the forward and reverse PCR > 50 and a warning.

primers and the optimal T,
difference range.
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7.2.5 Sequencing primer analyses

The following analyses are performed on sequencing primers:

GC content (in
%)

Complementarity

Duplex
formation

Hairpin loops

Melting
temperature

Primer length

Target distance

Homopolymers

Calculates the GC content in
percent.

Analyzes the level of
complementarity between
the sequencing primer and
the annealing site.

Detects possible sequencing
primer self-annealing duplex
formations, which can cause
background signals in the
Pyrosequencing analysis.

Detects possible sequencing
primer hairpin structures that
can cause background signals
in the Pyrosequencing
analysis.

Calculates the deviation
between the melting
temperature of the
sequencing primer and the
optimal melting temperature.

Calculates the deviation of
the actual primer length and
the optimal primer length.

Calculates the distance
between the sequencing
primer and the target region.

Homopolymer analysis is only
performed for genotyping
(medium score weighting)
and allele quantification (high
score weighting).

Detects if the polymorphisms
in the target contain adjacent
homopolymeric sequences.

e Automatically generated primers
always have complete
complementarity.

e Manually added or edited primers
will receive will receive a penalty
and a warning for non-
complementary sequence motifs.

e Non-complementarity is penalized
more for the 3'-end of the primer
than the 5'-end.

Primarily extendable duplexes, i.e.
duplexes that are complementary in the
3’ end, are penalized. If serious
duplexes are detected, the primer will
receive a penalty > 50 and a warning.

If serious hairpin loops are detected,
the primer will receive a penalty > 50
and a warning.

If the T, is lower than the optimal T,
the primer will receive a penalty.
Penalties > 50 will trigger a warning.

If the primer is shorter than the optimal
length, it will receive a warning. The
primer score is not affected.

Analysis in PSQ software will be more
difficult if homopolymeric regions are
adjacent to polymorphisms.

Sequencing primers annealing over the
homopolymeric region are favored
because the homopolymeric sequence
effect is reduced.
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Polymorphism

Polymorphism analysis is
only performed for allele
quantification (AQ).

Checks for A-nucleotide(s) in
the target polymorphism.

If an A-nucleotide(s) is/are contained in
the target polymorphism, primers that
result in the incorporation of T will be
favored over primers resulting in
incorporation of A.

7.2.6 Primer set analyses

Biotinylated
PCR Primer
Hairpins

Duplex
formation

Mispriming

Template
loops

Sequence
to analyze

Detects hairpin structures on the
biotinylated PCR primer, which may
cause background signals in the
Pyrosequencing analysis.

Detects sequencing primer and
biotinylated PCR primer cross-
annealing duplex formations, which
may cause background signals in
the Pyrosequencing analysis.

Detects alternative annealing sites
for each sequencing primer within
the amplicon.

Detects possible loop structures in
the biotinylated strand (the
template sequence for
Pyrosequncing analysis), which may
cause background signals in the
Pyrosequencing reaction.

An extra A is automatically added to
the 3'-end of the amplicon for an
additional template loop check, as
Taq polymerase frequently adds an
extra A to the 3'-end of the
amplicon during PCR.

A sequence to analyze is only
generated for genotyping and allele
quantification assays.

A sequence to analyze is generated
for the import into PSQ 96MA or
PSQ HS 96A SNP software.

If serious hairpin structures are
detected, the primer set will receive a
penalty > 50 and a warning.

If serious duplex structures are
detected, the primer set will receive a
penalty > 50 and a warning.

e Mispriming will only be detected
on the biotinylated strand
(because the non-biotinylated
strand is removed during the
sample preparation phase).

o If serious alternative annealing
sites are detected, the primer set
will receive a penalty > 50 and a
warning.

Template loop formation can cause
self-priming resulting in background
signals in the Pyrosequencing reaction.

If serious, extendable template loops
are detected, the primer set will
receive a penalty > 50 and a warning.

The sequence to analyze does not
influence the primer set scoring.
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7.3 Melting temperature

The melting temperature of a primer depends, among other things, on salt concentration, strand
concentration, sequence and length. For PCR primers, one of two algorithms can be selected for
the calculation of T.,: Nearest Neighbor (default) or 2 x AT + 4 x GC. For sequencing primers,
only the Nearest Neighbor algorithm is used.

7.3.1 Methods for calculating the melting temperature (Tm)

e Nearest Neighbor

The melting temperature (T,,) of an oligonucleotide duplex is calculated using the nearest
neighbor thermodynamics approach (Rychlik et al., 1990; SantalLucia, 1998) and the
following equation:

T, (Primer) = m + 16.6 log M - 237.15
AH Enthalpy for helix formation.

AS Entropy for helix formation.

R Molar gas constant (1.987 cal/°C X mol).
C Concentration of the probe.

M Molar concentration of monovalent cations.

Values of AH and AS used (Breslauer et al., 1986) were obtained in 1 M NaCl. The values
used for molar concentration of monovalent cations (M) and primer concentration (C) are
150 mM and 0.2 pM, respectively, for PCR primers, and 50 mM and 0.33 pM, respectively,
for sequencing primers. The default PCR primer concentration of 0.2 uM can be changed in
the Default assay settings dialog.

o 2 XAT +4 x GC

This equation adds 2 °C for each A and T, and 4 °C for each G and C nucleotide. It is a
simple but less accurate method for primer T,, calculation. In this approach the
concentration of nucleic acid is not taken into account.

Tm = [2 °C x (number of A and T bases)]+ [4 °C x (number of G and C bases)]

7.4 Guidelines for PCR primer design

When using Assay Design Software to generate primer sets (PCR and sequencing primers), a
number of parameters are taken into account. The following section describes some of the
underlying knowledge that has been incorporated in the analysis steps of Assay Design Software to
select suitable PCR primer sets for PCR and Pyrosequencing analysis.
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7.4.1 General guidelines to apply when designing PCR primers

Primer length

The PCR primers should typically be between 18 and
24 bp in length.

GC content

The PCR primers and the PCR product should have
approximately the same GC content (in %). The
typical GC content of PCR primers ranges from 40%
to 60%. For good specificity, the primers should
preferably be more GC-rich in the 5’-end and less in
the 3’-end.

Melting temperature

The standard range for the melting temperature (T.,)
is 60-70 °C. The default settings in Assay Design
Software are 56-86 °C for PCR primer T,,. Forward
and reverse primer should have similar melting
temperatures. By default, the nearest neighbor
method is used for calculation of Ty,.

Amplicon length (PCR product length)

Whenever the PCR amplicon size can be directed by
primer design, PCR products should be as short as
possible, preferably less than 250 bp. The optimal
range for PCR amplicon size is 50 to 250 bp.
Nevertheless, up to 600 bp long fragments have
been tested with good results, and even longer
amplicons work for some assays. In general, shorter
PCR products have several advantages compared to
longer ones, e.g. the amplification efficiency
increases and the risk of mispriming or secondary
structure formation is reduced.

Primer dimers/duplexes and internal
secondary structures

The Assay Design Software checks the PCR primers
for dimers and hairpins. Excess biotinylated primer in
the PCR reaction can disturb the subsequent
Pyrosequencing reaction. There it can cause
background if it can form a hairpin loop with a 5’
overhang, or a duplex with the sequencing primer.

See Chapter 8 - Guidelines for PCR setup and
PCR optimization for how to avoid formation of
primer dimers/duplexes and internal secondary
structures.

The minimum and maximum PCR
primer lengths can be changed.
However, remember that the shorter
the PCR primer, the greater is the risk
that it matches more than one region
in the genome, thereby increasing the
risk of non-specific amplification.

The allowed difference in GC content
can be changed.

Method for T,, calculation can be
changed. Furthermore, the minimum
and maximum T, and the allowed T,
difference between primers, can also
be changed.

The optimal amplicon range and the
maximum amplicon length allowed can
be changed.

Possible dimer and hairpin structures
are detected by the software and
displayed in the Primer set details and
in the report.
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Mispriming

To obtain specific amplification, it is important to Potential, alternate annealing sites

select PCR primers that do not have alternate within the entered sequence are

annealing sites on the template sequence. detected by the software and
displayed on the Sequence tab and in
the report.

Primer specificity

Primers with a stable 5-end (high -AG value) and a The relative stability is calculated in

relatively unstable 3’-end (low -AG value) typically the Primer end stability analysis step.

perform best because they are more stable and The AG graph on the Sequence tab

specific, and thereby less prone to mispriming. in the Assay window visualizes AG
values for the 5'- and 3'-ends of
primers.

7.5 Guidelines for sequencing primer design

A number of parameters are taken into account when using Assay Design Software to generate
primer sets (PCR and sequencing primers). The following section describes some of the underlying
knowledge that has been incorporated in the analysis steps of Assay Design Software to select
suitable sequencing primers for Pyrosequencing analysis.

7.5.1 General guidelines for sequencing primer design

Primer length

The sequencing primer should typically be between 15 and The minimum and maximum
20 bp, but longer sequencing primers can also be used. sequencing primer lengths can
be changed.

Melting temperature

Because the Pyrosequencing reaction takes place at 28 °C,
the T,, of the sequencing primer can be lower than for the
PCR primers. The default target T,, of the sequencing primer
is 50 °C. The lowest possible T,, is not absolutely defined,
but primers with a calculated T, of around 40 °C have been
used with very good results. However, if using Single Strand
Binding protein (SSB) in the Pyrosequencing reaction, a
slightly higher primer Tm is required and as low a Tm as 40
OC cannot be recommended for use with SSB.

The T, is calculated using the nearest neighbor method.

Primer dimers/duplexes and internal secondary
structures

As the sequencing reaction is run at 28 °C, it is crucial to
check the sequencing primer for self-annealing, especially at structures are detected by the

the 3"-end. software and displayed in the
e Avoid sequencing primer duplex formation Primer set details and in the
report.

Possible dimer and hairpin

Sequencing primers should be analyzed with regard
to their ability to form duplexes. Primers with four or
more complementary nucleotides in the 3’-end, and
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with 5’-overhang, should not be used. Blunt-ended
duplexes will not give rise to background. However,
if they have many stabilizing bonds they might self-
anneal to a high degree and lower Pyrosequencing
signals. Three complementary nucleotides in the 3'-
end are acceptable as long as other complementary
nucleotides within the primer do not stabilize the
duplex.

e Avoid 3'-end hairpin loops

Sequencing primers should be analyzed with regard
to their ability to form hairpin loops. At 28 °C, as
little as three complementary nucleotides in the 3’-
end may give rise to background. If hairpin loops
cannot be avoided then it may be possible to shorten
the primer to give a blunt-end hairpin that cannot
generate background signal.

Positioning of the sequencing primer

The sequencing primer should preferably be positioned with
its 3’-end as close to the target region as possible, typically
within about 5 bp. However, for multiplex design the
sequencing primers may have to be moved back further
from the target region.

For analysis of single-base In/Dels, the selected primer
should preferably be moved back from the target region to
generate at least one reference peak before the variable
position.

Mispriming

Avoid 3'-end mispriming

Sequencing primers should be analyzed with regard to their
ability to misprime within the PCR amplicon. A primer that
has six or more complementary nucleotides in the 3’-end at

an alternative priming site (and be extra careful with GC-rich
3’-ends) should not be used.

By default, the sequencing
primer is positioned between 0
and 3 nucleotides away from
the target region. This can be
changed.

Potential, alternative annealing
sites within the amplicon are
detected by the software and
displayed on the Sequence
tab and in the report.

7.5.2 Sequencing primer design for genotyping and allele quantification

Positioning of sequencing primer

The positioning of the sequencing primer is flexible within
about 0-15 nucleotides from the polymorphism.

Genotyping analysis in PSQ 96MA Software and PSQ HS 96A
Software is, in some instances, improved by including a
reference peak before the variable position. This is
specifically the case when analyzing single-base
insertion/deletion polymorphisms.

Avoid homopolymers at the polymorphic position

e The default setting in
Assay Design Software is
a primer distance from
target of 0-3 bp.

e The SNP can be
sequenced on either
strand.
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If the polymorphism is located in a homopolymer, the
software will select a primer with a 3'-end that overlaps the
homopolymer region. Avoiding homopolymers is especially
critical for AQ analysis.

For AQ: Avoid A-peaks

Reason for avoiding A-peaks

The use of dATPaS in the Pyrosequencing reaction results in
A-peaks that are 10-20% higher than for the other three
nucleotides. This must be corrected for by measurement on a
heterozygote sample when doing allele frequency
measurements on polymorphisms containing A.

To avoid A-peak height corrections, the software chooses the
opposite strand for sequencing primer design whenever
possible. However, it is better to have a high quality
sequencing primer from which A is read, than a poor primer
that generates nonspecific background, but from which T is
read.

The software will penalize
homopolymers harder when
assay type AQ has been
selected, than when
Genotyping has been selected.

Avoidance of A-peaks is only
considered when assay type
AQ has been selected.

7.5.3 Sequencing primer design for SQA

Positioning of sequencing primer

The positioning of the sequencing primer should be as close
as possible to the sequence to be read. This will maximize
read lengths.

Nevertheless, it is recommended to start the sequencing
with 2-3 known bases, preferably single bases. I.e. include
2-3 known bases flanking the unknown sequence in the
target region. These bases, as well as known sequence
motifs anywhere along the sequence, can be utilized by the
PSQ software algorithm when calling the unknown
sequence.

Primers for sequence analysis of cloned material

Position the sequencing primer in the multiple cloning site.
Select the target region so that it includes 2-6 bases before
the start of the insert.

In this way, the first bases of the sequence are known.
Directed dispensations of these bases may improve the
sequence quality.

Consider sequencing both
strands. In some cases, it may
be useful to perform
Pyrosequencing reactions in
both directions and gather
complementary sequence
information in order to confirm
the sequence.
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8 Guidelines for PCR setup and optimization

8.1 Guidelines for PCR setup and optimization for Pyrosequencing
analysis

To set up a PCR reaction producing a suitable PCR product for Pyrosequencing analysis, follow the
general guidelines below. Optimize the PCR protocol and conditions to obtain good PCR results.

PCR primers e  Primer concentrations

In general, a PCR primer concentration of 0.2 uM is recommended.
Lower concentrations may be exhausted before the reaction is
completed, resulting in lower yields of the PCR product. However,
biotinylated PCR primer concentrations should be kept low to avoid
interference in the Pyrosequencing analysis.

We strongly recommend that the biotinylated primer is purified by
HPLC, or an equivalent procedure, to minimize the amount of free
biotin.

e Storage of primers

Biotinylated PCR primers are particularly sensitive to storage. Keep a
stock primer solution at -20 °C. For the working solution, prepare
small aliquots of diluted primers (10 uM) and store at -20 °C.

PCR product e PCR product and size
If possible, select PCR primers to form a PCR product < 250 bp.

The typical range for PCR amplicon size is 40 to 250 bp. Smaller PCR
products have several advantages, e.g. the amplification is easier,
and the risk of background in the Pyrosequencing analysis is
reduced. However, up to 600 bp long products have been tested
with good results.

e  GC-rich PCR products

Amplification of very GC-rich regions (>70%) often benefits from
adding 5% dimethylsulfoxide (DMSQO) and/or exchanging part of the
deoxyguanosine with deoxyinosine. A ratio dI:dG of 3:1 is a good
starting point.

Optimization

GC-rich templates often need a higher annealing temperature and
lower MgCl, concentration to amplify well (because high salt
concentrations will stabilize secondary structures).

e Checking the PCR product
On agarose

Check an aliquot of the PCR product on a 1.5% agarose gel. There
should be a clear, strong product band without excess primers,
primer-dimers or other non-specific products.

On PSQ 96MA System
Use 15-25 ul of the PCR product and 16 pmol of sequencing primer
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DNA

MgCl,
concentration

PCR cycling
conditions

to give strong signals (single-peak heights of about 15 to 25 units).

On PSQ™HS 96A System

Use 5-10 ul of the PCR product and 3.6 pmol of sequencing primer
to give strong signals (single peak heights of ~100-200 units).

The DNA material should be purified and of high molecular weight (good
integrity). The recommended amount of genomic DNA for a standard 25 pl
or 50 ul PCR reaction is a minimum of 10 ng of DNA. With smaller amounts
than 10 ng DNA in a PCR reaction, there is a risk that there will be too few
copies of the genome to give an accurate and robust representation of the
genotype/allele content in the sample (resulting in false or skewed
genotypes).

e General

Mg>+ ions bind to both nucleotides and DNA, and the concentration of
free Mg2* ions therefore depends on the concentrations of
compounds like nucleotides, template DNA, free pyrophosphate (PPi)
and EDTA (from certain buffers). These compounds bind to the ions
via their negative charges. Therefore, the concentration of Mg
should always be higher than the concentration of these compounds.

e Mg Effect on stringency

In general, increased Mg concentrations will lead to an increased
efficiency of the DNA polymerase and therefore to a higher
incorporation rate, but may also increase non-specific amplification
and reduce fidelity. Excess Mg in the reaction can increase non-
specific primer binding and increase non-specific incorporation. It
may also stabilize secondary structures in the DNA template. This
may decrease the amplification efficiency, particularly for GC-rich
templates.

Lowered magnesium concentrations will generally make the
amplification reaction more stringent, but also less efficient, leading
to lower yields. Too little Mg in the reaction can result in a lower
yield of the desired product.

e Optimization of Mg* concentration

The optimal Mg concentration, which may vary from 1 mM to 3
mM, should be determined empirically, while DNA and nucleotide
concentrations are kept constant. Perform a magnesium titration
from 1 mM to 3 mM in 0.5 mM increments to determine the optimal
magnesium concentration.

The PCR cycling program should be optimized.
e  Optimization of the PCR cycling program

Hot start DNA polymerases, such as AmpliTaq Gold (Applied
Biosystems) and HotStar Taq (Qiagen) are activated gradually
during the amplification reaction and therefore require more cycles
than a protocol with ordinary DNA polymerases. For best yield, and
consumption of all biotinylated PCR primers, which is important for
Pyrosequencing, run 45-50 PCR cycles when using a hot start DNA
polymerase compared to 35-50 cycles when using ordinary DNA
polymerases.

e Typical PCR program
A typical PCR program for PCR products of up to about 300 bp, using
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a hot start DNA polymerase:
95 °C 5min; 45x(95 °C 15s, T, °C 30s, 72 °C 15s); 72 °C 5min, 4 °C

The program takes about 1 hour and 45 minutes to run. For PCR
products longer than 300 bp, the extension time at 72 °C may need
to be increased.

Annealing e Optimal T,
temperature,

T The T, of PCR and sequencing primers is calculated by the Assay

Design Software. The optimal annealing temperature (T,) for the
PCR reaction is likely to be between 5-10 °C below the lowest T,, of
the pair of primers to be used. Most primers will anneal efficiently in
30 sec or less, unless the T, is too close to the T, or they are
unusually long.

The typical T, range is 54-62 °C.

e T, effect on annealing and amplification

Low T,

One consequence of having a too low T, is that one or both primers
will anneal to sequences other than the true target, since internal
single-base mismatches or partial annealing may be tolerated. This
can lead to “non-specific” amplification and a consequent reduction
in yield of the desired product if the 3'-most base is paired with a
target.

High T,

A consequence of a too high T, value is that too little product will be
amplified, since the likelihood of primer annealing is reduced.
Another important consideration is that a pair of primers with very
different T, may never give appreciable yields of a unique product,
and may also result in inadvertent “asymmetric” or single-strand
amplification of the most efficiently primed product strand.

8.2 PCR setup and optimization - Specific for allele quantification

Allele Optimization of PCR conditions

quantification PCR conditions should be optimized to give a PCR product of high quality,

with a yield of at least a 50% and one specific band on an agarose gel. It is
very important not to use more primer than necessary in the PCR reaction (<
0.2 pM). Excess biotinylated primer may result in decreased specific signals
and may also give rise to background signal. At least 10 ng genomic DNA
should be added to the PCR reaction. This will ensure that enough copies of
both alleles are included in the amplification reaction to result in a correct
representation of the allele frequency distribution.
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8.3 PCR protocol example

As a standard, use 10 ng genomic DNA in a 50 ul PCR reaction and 125 uM of each nucleotide.
Below is an example of what a typical PCR reaction mix can look like. The example shows a PCR
reaction mix (2.0 mM MgCl,) using AmpliTaq Gold, for one and ten 50 pl reactions respectively. The
volumes are in microliters. Use 45 ul of reaction mix and 5 ul 2 ng/ul genomic DNA per tube/well.

H.O 31.2 312 -

10x PCR buffer II (Applied 5 50 1x
Biosystems)

MgCl, (25 mM) 4 40 2.0 mM
dNTP (2.5 mM) 2.5 25 0.125 mM each
Forward PCR primer (10 uM) 1 10 10 pmol
Reverse PCR primer (10 uM) 1 10 10 pmol
AmpliTag Gold® (Applied 0.3 3 1U

Biosystems)

Total: 45 450 -

Template DNA (2 ng/ul) 5 5 each 10 ng

8.3.1 Optimization of the PCR protocol and conditions

For optimization, start with the parameters annealing temperature (T.) and MgCl, concentration.

The annealing temperature typically falls in the range 54 °C - 64 °C, and the MgCl, concentration is
typically between 1 mM and 3 mM. Select two DNA samples that can be used for all PCR
optimizations. A good starting point is to try three different temperatures (e.g. 54 °C, 57 °C, and
60 °C) and three different MgCl, concentrations (1.5 mM, 2.0 mM and 2.5 mM) while keeping all
other parameters constant.
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9 Hints & Tips

9.1 Tips for succeeding with difficult assays

The software performs a number of analyses to differentiate between primer set candidates and
thereby identify the best possible assay to use. However, for some assays it may be difficult to find
an assay without flaws. It is then often possible to work around, or resolve, the detected, potential
problem by using one of the tips below.

For information on which analyses the software performs, as well as guidelines on PCR and
sequencing primer design, see Chapter 7 - Guidelines for primer design. For guidelines on PCR
setup and optimization, see Chapter 8 - Guidelines for PCR setup and Optimization.

Non-specific PCR Perform a homology search of the DNA sequence

amplification Avoid placing PCR primers in highly homologous sequence

regions. For DNA analysis of genes in homologous
sequence regions, it may be wise to use a search engine
(e.g. BLAST, Basic Local Alignment Search Tool) to check
possible homologous regions such as pseudogenes in the
given genome. Generated PCR primers can also be checked
for sequence homology. One such homology search engine
can be found on the website of the National Center for
Biotechnology Information (NCBI) at:
http://www.ncbi.nlm.nih.gov/BLAST.

If homologous sequences are found

If highly homologous sequences were found during the
homology search, the sequences may be aligned using an
alignment tool. One such alignment tool can be found on
the web site at the web site of Institut National de la
Recherche Agronomique (INRA)
http://prodes.toulouse.inra.fr/multalin/multalin.html

Template loop formation Add an extra nucleotide to the non-biotinylated PCR primer

(self-priming) The 3’-end of the template, which can form a loop, is

defined by the 5’-end of the non-biotinylated PCR primer.
The 3'-end complementarities of a template loop may be
removed by modifying the non-biotinylated PCR primer.
Enter a random, extra nucleotide to the 5’-end of the non-
biotinylated PCR primer in the Primer set area. The score
and quality of the primer set will automatically be updated
as soon as you leave the field (the new score is shown in
the upper right corner of the Primer Set area). Continue
to try different nucleotide-additions until the loop has
disappeared and the score has improved.

Hairpin loops, 3’-end Check if generated background signal would affect the
duplexes, or misprimings polymorphic position

that cannot be avoided If hairpin loops, 3’-end duplexes, or sequencing primer

misprimings cannot be avoided, check what nucleotides
will get incorporated to determine if the generated
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Hairpin loops or 3'-end Modify the sample preparation procedure
duplexes that cannot be
avoided

background signal would affect the target region to be
analyzed. Also check if the dispensation order could be
modified to avoid the background signal from showing up
in the variable positions.

If the sequencing primer forms hairpins or duplexes, add
an extra wash step to the sample preparation to remove
background signal. After annealing, transfer the beads to a
new PSQ 96 MA or PSQ HS 96A Plate containing 40 ul or
10 pl respectively of fresh 1x Annealing buffer per well,
leaving excess sequencing primer behind.

9.2 Tips for avoiding PCR cross-contamination

Set up physically separated working places for template preparation, PCR set-up, and post
PCR analysis.

Use dedicated (PCR use only) pipettes, micro-centrifuges and disposable gloves.
Use aerosol resistant pipette tips.

Set up a PCR reaction under a laminar flow hood equipped with UV light.

Use sterile techniques and always wear fresh gloves.

Always use new and/or sterilized glassware and plastics to prepare the PCR reagents and
genomic DNA.

Use PCR reagents and solutions only for PCR reactions, and store these reagents in small
aliquots.

Always include a negative control (all reaction components except DNA) and a positive control
(e.g. a sample that has been successfully amplified in previous experiments).

9.3 Tips for assay controls

Controls in the PCR
reaction

Always include a negative control that includes all reaction
components except DNA.

When setting up a new assay, perform PCR optimization
on a couple of control DNA samples that have been
successfully amplified in previous experiments.

Controls in the
Pyrosequencing reaction

Sequencing primer only.
DNA template only (without sequencing primer)

PCR negative control (with sequencing primer)
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9.4 Tips for multiplex assay design

The Assay Design Software does not support automatic multiplex assay design. However, it
contains some useful support functions for multiplex design.

Duplex design: Once a candidate primer set has been selected for one polymorphism,
check for mispriming of the primers in the template containing the second polymorphism,
and vice versa. Do as follows:

o Open two assay windows and enter the two sequences of interest.
o Design primer sets for assay one.

o Select the desired primer set in the Primer set list, right-click and select Copy
primer set from the right-click menu.

o Switch over to the second assay window. Select biotinylation of the same primer as
for assay one. This can for example be done by clicking the button Set
sequencing primer direction in the Primer set list.

o Put the cursor in the top field of the Primer set list, i.e. in the forward PCR primer
field, right-click and select Paste from the right-click menu. The selected primer
set from assay one will now be pasted into the fields of assay two.

o As soon as you leave the entry fields, the primer set score is updated. The score
can be expected to be zero (discard), since the primers from assay one are not
expected to be complementary to the sequence of assay two. Look in the info field
on the Sequence tab to see if the PCR primers from assay one form any serious
misprimings in the sequence of assay two.

When designing the different primer sets in Assay Design Software, increase the “*Maximum
Distance from Target” in the settings in order to obtain sequencing primers at varying 3'-
positions. This will allow for a higher flexibility in design of the multiplex assay. Another
option is to widen the target region, so that it includes a number of nucleotides preceding
the polymorphism. The program is thereby forced to generate sequencing primers further
away from the SNP.

For more information about multiplex assay design, visit
http://techsupport.pyrosequencing.com.

9.5 Tips for universal biotinylated PCR primers

It is possible to design and analyze PCR primers with a universal tail for use with a universal
biotinylated PCR primer. This allows the use of the same biotinylated primer in different PCR
reactions/assays.

To design PCR primers with a universal primer tail:

Generate primer sets (or enter a previously designed primer set) according to the
description in Chapter 4.

Select a primer set by clicking in the Primer set list.

Position the cursor in the biotinylated primer field, at the top of the Primer set area. Edit
the biotinylated PCR primer to include a certain number of additional nucleotides at the 5’'-
end, which make up the universal tail. This can be done either by Copy/Paste or by typing
in the appropriate sequence.
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e As soon as you leave the primer entry field, the score and quality will automatically be
updated. The new score and quality are displayed at the top right corner of the Primer set
area. The Sequence tab of the Assay window has been updated to display the primer
with its associated tail.

Note: A primer set with a universal tail can be expected to receive low score and quality because
the tailed primer will receive a substantial penalty for having a high T, value as well as for having
low complementarity to the DNA template sequence. This is a natural consequence of the addition
of a long tail, and does not mean that the primer is unsuitable for Pyrosequencing analysis. The
score and quality values should therefore be ignored in this case, since they are based on partially
irrelevant analyses. Instead, the important thing is to check if any serious new misprimings, PCR
duplexes or template loops have been formed and detected.

9.6 Tips for using the Gibbs free energy (AG) graph

The Gibbs free energy is used to determine a primer’s priming specificity. The AG values indicate
how specific the primer is and how efficiently it will anneal to its intended target. Primers with a
stable 5‘end i.e. low AG value and a relatively unstable 3’end, i.e. high AG value, typically perform
best because they are both more stable and specific and thereby rarely misprime. A primer with
low stability at its 3’-end will function well in a PCR because the base pairing close to the 3'-end
with non-target sites are not sufficiently stable to initiate extension (false priming). Conversely,
primers with a stable 3'-terminus need not anneal with the target along their entire length in order
to prime efficiently. This could result in non-specific products (false priming).

Assay Design Software assesses the relative stability of the PCR primers in the “Primer end
stability” analysis. For this, the following software settings are used:

Optimal AG difference: 2.0

Maximum AG at 5-end: -8.0
Maximum AG at 3’-end: -5.0
Minimum AG at 3’-end: -11.0

In addition, the AG graph can be used to visualize the AG distribution in the different primers. Here,
each data point represents the stability of a nucleotide pentamer. The data points correspond to
the Gibbs free energy of the nucleotide in that position and the four nucleotides immediately
downstream in the sequence.

|

(O AGGGECGCTGATEGACGAR)
NN INININIE

CAEGEAACT GAGGGCIGCTGATGERACGAGACZCATGAMGGA
T T TEACT G GACTACCTECTETEETACTTCCT

The Delta G graph of the selected primer will include graph points from the 5’-end of the primer to
5 nucleotides upstream from the 3’-end (boxed), as each point represents the Delta G of a
nucleotide pentamer.
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9.7 Tips for using the melting temperature (T,) graph

Each bar in the T, graph represents the T,, for a primer of 20 bp by default with its 5’-end in that
position.

To view T, for a selected primer of any length, click on the wanted primer in the graphical
representation on the Sequence tab. This automatically adjusts the T,, graph to this primer length.
The T, of this particular primer is represented by the bar at the 5’-position.

The primer T, can be adjusted by changing the primer length or the primer position. This can be
done either by adding/removing nucleotides in the Primer set area, or by dragging and dropping
or resizing the primer on the Sequence tab.

9.8 Tips for analyzing InDels in homopolymeric stretches

If the polymorphic nucleotide(s) of an InDel can form a homopolymer with adjacent nucleotides
(i.e. three or more of the same nucleotide in a row), then a sequencing primer should be selected
that overlaps the homopolymeric nucleotides. Enter two different notations for forward or reverse
assays (see Example 1).

Example 1
Allele 1: TTTTT (insertion)
Allele 2: TTT (deletion)

Forward assay
Enter sequence as:
TTT[TT]

Select [TT] as target region. Open Settings for the current assay and, for the sequencing primer,
check only the “Generate forward primers” box.

Reverse assay:
Enter sequence as:
[TT]1

Select [TT] as target region. Open Settings for the current assay and, for the sequencing primer,
check only the “Generate forward primers” box.
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9.9 Analyzing short tandem repeats (STRs)

To design an assay for STR analysis, use the InDel notation (see Example 2).

Example 2:

Allele 1: ACGACGACG

Allele 2: ACGACGACGACG

Allele 3: ACGACGACGACGACGACG

Assay Design Software will not position primers inside the selected target region. By default,
sequencing primers will be positioned 0 to 3 nucleotides from the border of the selected target
area. In order for the sequencing primer to overlap some part of the constant repeat region, two
different notations and choices of target region should be used for forward and reverse sequencing
primer generation respectively.

Forward assay:

ACGACGACG[ACG][ACGACG]

The target region should be selected starting four nucleotides into the constant part of the repeat
region. In the example above, choose CGACG[ACG][ACGACG] as target region and generate only
forward sequencing primers (Tick the box “Generate forward primers” in the Current assay settings
dialog). By choosing this target area, the forward sequencing primers that are generated will
overlap between 0 and 4 bases of the constant repeat region.

Reverse assay:

[ACGACG][ACG]JACGACGACG

The target region should be selected starting four nucleotides into the constant part of the repeat
region. In the example above, choose [ACGACG][ACG]ACGAC as target region and generate only
reverse sequencing primers (Tick the box “Generate reverse primers” in the Current assay settings
dialog). By choosing this target area, the reverse sequencing primers that are generated will
overlap between 0 and 4 nucleotides of the constant repeat region.
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9.10 Troubleshooting guide

Generated primers are not
shown in (or disappear
from) the sequence graph of
the Sequence tab.

Primers are positioned
incorrectly in the sequence
graph of the Sequence tab.

The application becomes
slower and slower

The same PCR primer
mispriming or template loop
is shown twice in the report.

No PCR primers can be
generated.

Import in PSQ software fails
because an Entry with the
same name already exists in
the database.

Inadvertent use of the
buttons to show/hide
primers in the sequence
graph.

The 3’-end of an edited
primer is positioned at the
same site as the 3'-end of
the original primer, even if
nucleotides have been added
or changed at its 3’-end. If
the contents of an entry field
in the Primer set area are
changed by deleting the
primer sequence and then
typing/pasting a new
sequence in the field, the
software considers this as an
edited primer. Thus, it does
not reposition the primer on
the Sequence tab.

The application has been
running for a long time
without restart, which may
lead to consumed memory
resources.

If the sequence contains
multiple polymorphisms,
each haplotype is analyzed
separately. I.e. if a PCR
primer misprimes over an
SNP, the mispriming to both
alleles will be shown in the
report, thereby seemingly
showing the same
mispriming twice.

The sequence entered on
the Sequence Editor tab
may be too short to allow
positioning of suitable PCR
primers.

Changing the name of the
.xml file in Windows Explorer
before import in PSQ
software will not solve the
problem. The Entry name is
stored inside the .xml file.

Click the appropriate button
to the left of the sequence
graph to show the primer(s)
that is/are hidden.

To enter new primers in the
Primer Set area, press the

New Primer Set button |E
to blank the primer entry
fields before the new
sequence string is
entered/pasted.

Restart the application to
relieve memory.

No action is needed.

Enter a longer sequence and
make sure that the target
polymorphism/sequence is
flanked by a sufficiently long
sequence stretch. 200 bp on
either side of the target is
recommended.

Open the assay file in Assay
Design Software. Choose
File | Save As and save
the assay with a new name.
The new assay name will be
stored inside the .xml file.
Retry import in PSQ
software.
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Batch analysis fails for one
or several assays.

A high scoring assay could
not be run in PSQ 96MA or
PSQ HS 96A.

If batch analysis fails with
one of the three following
messages the problem is
caused by illegal characters
within the sequence, or lack
of a target polymorphism.
Messages:

Skipped empty or un-
intelligible assay 'test _48'.

'Test_48': Before running
the analysis, target area or
polymorphism has to be
defined.

Before running batch resolve
the following errors:
Something went wrong
when interpreting the
sequence.

Example: an AQ assay of
three consecutive SNPs that
share allelic bases (e.g.
...MRS...) is not possible to
analyze in PSQ because of
confounded signals. This is
not flagged until the assay is
imported/entered in PSQ
system software, because
Assay Design Software does
not have the ability to
generate dispensation
orders.

Confirm that all assays
contain polymorphisms (or
SQA target regions). Resolve
any incorrect characters in
the sequence and re-start
batch analysis.

Enter/import assays in PSQ
system software, generate
dispensation orders and
confirm that assays are
analyzable, before primers
are ordered.
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10 Appendix A. Methodological background

10.1 Sample preparation

The starting material for a Pyrosequencing™ reaction is a PCR-amplified, single-stranded DNA
template with a sequencing primer hybridized to it. Several methods to generate templates for
Pyrosequencing analysis have been described (e.g. Ronaghi et al., 1996; Nordstrom et al., 2000,
Nordstrom et al., 2002, Diggle and Clarke, 2003).

The principle for PCR and sample preparation prior to Pyrosequencing analysis is
outlined below:

When using streptavidin-coated

DM denaturation and magnetic- or Sepharose™ beads for
FCR primer annealing sample preparation (Rhonagi et al.,
1996), one of the PCR primers

should be biotin labeled (B) for
—» immobilization to the beads. The
other PCR primer should be
PR unlabeled.

As free biotin will compete with the
@ biotinylated PCR product for binding
to streptavidin, thereby lowering the
signal level, we strongly recommend
purifying the biotinylated PCR primer

Strand separation

@ by HPLC, or equivalent procedure, to
Sequencing primer minimize the amount of free biotin
annealing and maximize the proportion of
— biotinylated primer.

After immobilization, using NaOH
denaturation, and annealing of the
sequencing primer, the immobilized
strand can be analyzed using the
Pyrosequencing™ technology.

References:

1. Ronaghi, M., Karamohamed, S., Peterson, B., Uhlén, M., Nyrén, P. (1996). Real-time DNA sequencing
using detection of pyrophosphate release. Analytical Biochemistry 242: 84-89.

2. Nordstréom, T., Nourizad, K., Ronaghi, M., Nyrén, P. (2000). Method enabling Pyrosequencing on double-
stranded DNA. Analytical Biochemistry 282: 186-193.

3. Nordstréom, T., Alderborn, A., Nyrén, P.]. (2002). Method for one-step preparation of double-stranded
DNA template applicable for use with Pyrosequencing technology. Biochem Biophys Methods 31; 52(2):
71-82.

4. Clarke S.C and Diggle, M.A: (2003). A novel method for the preparation of single stranded DNA for
Pyrosequencing. Molecular Biotechnology 24: 221-224.
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10.2 Pyrosequencing systems
10.2.1 Introduction

Two different systems are available for Pyrosequencing analysis:
e PSQ 96MA System

This system supports genotyping, allele quantification (AQ) and sequence analysis (SQA).
e PSQ HS 96A System

This system is a highly sensitive system that requires less reagents than PSQ 96MA. It supports
genotyping and allele quantification (AQ).

The two systems are used to perform the Pyrosequencing reaction on the PCR product. Use Assay
Design Software to design an assay suitable for Pyrosequencing analysis. The assays can be saved
as .xml files, which can be imported by PSQ 96MA Software version 2.1 and higher and PSQ HS
96A Software version 1.2 and higher.

10.2.2 Genotyping and mutation analysis

The PSQ 96MA Instrument with PSQ 96MA SNP Software or PSQ HS 96A Instrument with PSQ HS
96A Software and SNP reagent kit perform highly accurate and reproducible Single nucleotide
polymorphism (SNP) and mutation analysis.

Automatic multiplex genotyping of polymorphisms such as point mutations, insertions/deletions
(InDels) and SNPs reduce the cost per accurate result and increase sample throughput.

Multiple SNPs from a short stretch of DNA and di-, tri- and tetra-allelic polymorphisms can be
analyzed. The internal control capabilities provide the sequence context around the SNP or
mutation.

For more information, see the user documentation for PSQ 96 MA System or PSQ HS 96A System.
10.2.3 Allele quantification (AQ)

Once polymorphisms are identified, the frequency of alleles can be determined using the dedicated
module (AQ) within the PSQ 96MA SNP Software or PSQ HS 96A Software. Alleles from both pooled
genomic and single mixed population samples can be quantified (calculating allele frequencies in
pooled sample populations can increase the efficiency and decrease the cost for large population
studies because only a single PCR amplification reaction followed by one sequencing reaction is
needed when analyzing the samples).

Allele quantification determination of multiple SNPs, tri- and tetra allelic SNPs and InDels can all be
achieved. In multiplex assays, it is possible to obtain the relative peak heights and then calculate
the allele frequencies manually.

The linear relationship between peak height and nucleotide incorporations, in combination with
high signal-to-noise ratios for the obtained peaks, facilitate the estimation of allele frequencies,
even for low frequency SNP alleles.

For more information, see the user documentation for PSQ 96 MA System or PSQ HS 96A System.
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10.2.4 Sequence analysis (SQA)

PSQ 96MA Instrument is used together with dedicated software and kits for the analysis of DNA
sequences typically 30-50 bp in length. The PSQ 96MA SQA software automatically completes
base-calling and the sequence alignment function enables easy comparison to a master sequence.
Sequence data can also be exported to other systems for database comparisons.

Along with sequencing short-strand DNA templates, PSQ 96MA System SQA is capable of
straightforward sequencing of cloned DNA material, templates with strong secondary structures
and complementary DNA. This is achieved by the addition of single-stranded DNA binding protein
(SSB) after the primer-annealing step.

To sequence DNA templates, a suitable dispensation order must be entered in the Define SQA
Entry dialog in PSQ 96MA SQA software.

For more information, see the user documentation for PSQ 96MA System.

10.3 Definitions
10.3.1 Alleles

An allele is any one of a number of alternative forms of the same gene occupying a given locus
(position) on a chromosome.

If an individual is homozygous for a certain polymorphic position, the allele sequences in that
position are identical (i.e. the same nucleotide occupies the position). If an individual is
heterozygous for a certain polymorphic position, the allele sequences differ at that position.

Example (3 polymorphisms in one gene, reading

forward)

5'..... GTGGAGAT........ GCTAGCTAA...... TACCG...3' Chromosome 1
3. CACCTCTA......... CGATCGATT...... ATGGC...5'-

Biotinylated

5'..... GTAGAGAT........ GCTAGCTAA...... TATCG...3' Chromosome 2
3. CATCTCTA......... CGATCGATT...... ATAGC...5'-

Biotinylated

Heterozygous Homozygous Heterozygous

Genotype: G/A Genotype: T/T Genotype: C/T

DNA is obtained from both alleles when amplifying the samples with PCR, and will be analyzed
simultaneously in the Pyrosequencing reaction.
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G/G, T/T, C/C
G/G, T/T, T/T
G/G, T/T, C/T
G/G, C/C, C/C
G/G, C/C, T/T
G/G, C/C, C/T
G/G, C/T, C/C
G/G, C/T, T/T
G/G, C/T, C/T

A/A, T/T, C/C
A/A, T/T, T/T
A/A, T/T, C/T
A/A, C/C, C/C
A/A, C/C, T/T
A/A, C/C, C/T
A/A, C/T, C/C
A/A, C/T, T/T
A/A, C/T, C/T

If there are three possible polymorphic positions (reading forward), for example G/A, T/C and C/T,
27 different theoretical outcomes are possible.

G/A, T/T, C/C
G/A, T/T, T/T
G/A, T/T, C/T
G/A, C/C, C/C
G/A, C/C, T/T
G/A, C/C, C/T
G/A, C/T, C/C
G/A, C/T, T/T
G/A, C/T, C/T

10.3.2 Single nucleotide polymorphisms (SNPs)

Single nucleotide polymorphisms (SNPs) are DNA sequence variations that occur when a single
nucleotide (A,T,C or G) in the genome sequence is altered. For example, a SNP might change the
DNA sequence AAGGCTAA to ATGGCTAA. Both forms must occur with a frequency of 1% (0.01) or
greater in a large population to be classified as a SNP (otherwise it is a random mutation).

SNPs are evolutionarily stable, not changing much from generation to generation, making them
suitable to use as genetic markers in population studies.

Two out of three SNPs involve the replacement of cytosine (C) with thymine (T). SNPs occur on
average every 100 to 300 bp along the 3-billion-base human genome. SNPs can occur in both
coding and non-coding regions of the genome. Many SNPs have no effect on cell function, whereas
others could predispose people to disease or influence their response to a drug.

10.3.3 Insertions and deletions (InDels)

An insertion or deletion is a mutation where one or several nucleotides have been inserted/deleted
in @ DNA sequence. The size of the InDel can vary from single-base to a part of a chromosome.

Homozygous single-base deletion: Homozygous single-base insertion:
Allele 1 CA TCCGGA... Allele 1 CAATCCGGA...
Allele 2 CA TCCGGA... Allele 2 CAATCCGGA...
Heterozygous single-base deletion: Heterozygous single-base insertion:
Allele 1 CA TCCGGA... Allele 1 CA TCCGGA...
Allele 2 CAATCCGGA... Allele 2 CAATCCGGA...

InDels in protein coding parts of genes have great impact on the protein's function, activity and
structure because they can cause:

o frameshifts (if the InDel is not a multiple of three nucleotides)

e addition/loss of one or several amino acids (if the InDel is a multiple of three nucleotides)
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Frameshifts

Frameshifts usually result in a non-functioning or malfunctioning protein since the frameshift
changes the reading frame (three nucleotides give one amino acid) and thereby alters the protein,
which may lose all activity.

Addition/loss of one or several amino acids

When the addition/loss of one or several amino acids occurs, the amino acid chain that builds up
the protein changes. This may alter the structure and/or function of the protein.

Homozygous versus heterozygous InDels

If the InDel is heterozygous (see above), there will still be one allele left expressing the correct
protein and this can be sufficient in some cases.

If the InDel is homozygous (see above), there will not be any correct proteins expressed, and the
protein's function is lost or altered.

10.3.4 Short tandem repeats (STRs)

A short tandem repeat (STR) is a repeated DNA sequence in which the repeat elements are
typically two to five base pairs long. Different alleles have different numbers of the repeat element.

10.3.5 Sequence database files

Two of the major nucleic acid sequence databases are:

e GenBank (http://www.ncbi.nlm.nih.gov/Entrez/index.html)

and

e EMBL Nucleotide Sequence Database (http://www.ebi.ac.uk/embl).

GenBank is an annotated collection of all publicly available DNA sequences and the genetic
sequence database of the US National Institute of Health.

The EMBL Nucleotide Sequence Database is Europe "s most comprehensive nucleotide sequence
database.

Both databases use their own sequence file format, consisting of a header, which contains general
information, such as keywords, author names, source, organism etc., and the actual nucleic acid
sequence.

Both GenBank and EMBL sequences can be saved in FASTA format (see below).
GenBank sequence format

The Gen-Bank sequence format is identified by the entry ORIGIN at the beginning of the nucleic
acid sequence and ends with //. See section 4.2.2.2 for detailed information.

EMBL sequence format

The EMBL sequence format is identified by the entry SQ at the beginning of the nucleic acid
sequence and ends with //. See section 4.2.2.2 for detailed information.
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FASTA sequence format

The sequence file format FASTA is used by many sequence alignment and homology search
programs. A sequence in FASTA format begins with a single-line description, followed by lines of
sequence data. The description line is distinguished from the sequence data by a greater-than "“>"
symbol in the first column. See section 4.2.2.2 for detailed information.

10.3.6 Sequence to analyze (genotyping and allele quantification)

The Sequence to analyze is a short part of a DNA sequence (complementary to the sequence of
the biotinylated strand) that contains one or several polymorphisms to be analyzed using PSQ
96MA System or PSQ HS 96A System. The Sequence to analyze always starts with the first
nucleotide after the sequencing primer, i.e. where the sequencing reaction starts.

Example of a Sequence to analyze:
AT/CCGTGT[T]CCCA

T/C denotes a di-allelic SNP
[T] denotes an insertion/deletion polymorphism

This is the sequence to analyze for the following DNA sequence
with annealed sequencing primer:

*GGCACGAATCGACTT *
*CCGTGCTTAGCTGAATA/GGCACA[A]GGGT. . .>- Biotin

Assay Design Software automatically generates a Sequence to analyze for genotyping and allele
quantification assays. When importing the assay into PSQ 96MA System or PSQ HS 96A System, a
dispensation order is generated based on the Sequence to analyze, and an SNP Entry is
thereafter automatically created containing the Sequence to analyze and dispensation order.

10.3.7 Dispensation order

The dispensation order determines in which order the nucleotides will be added (dispensed) to the
Pyrosequencing reaction by the PSQ 96MA Instrument or PSQ HS 96A Instrument.

The Sequence to analyze, which has automatically been generated by Assay Design Software for
genotyping and allele quantification assays, is used to generate a Dispensation order when the
assay is imported into PSQ 96MA Software or PSQ HS 96A Software.

Note: The Dispensation order for SQA assays must be entered into the PSQ 96MA Software by
the user.

Example:
Sequence to analyze: AT/CCGTCAAAGC
will result in the Dispensation order: GATCAGTCA

The first nucleotide in the Dispensation order as well as the first nucleotide following a

polymorphic position is usually a blank internal negative control and is not the same as the first
nucleotide in the Sequence to analyze.
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10.3.8 Reference peaks and quality control window

Reference peaks are used by PSQ 96MA Software and PSQ HS 96A Software to determine which
peak height corresponds to the incorporation of a single nucleotide. The single peak height level is
then used to determine the multiplicity of all peaks generated in the Pyrogram, and thereby the
sequence and genotype of the sample. All non-variable peaks generated in the sequencing reaction
with a multiplicity of three or lower are used as reference peaks by the algorithm.

To assess the quality of the sequence, all dispensations within the quality control window are
used, including negative control dispensations. Reference peaks included in the quality control
window will affect the analysis. The quality window will be positioned symmetrically around the
polymorphic position. The quality control window is static, so if dispensations fewer than half the
value for the quality control window size are available before the SNP, the size of the actual quality
window will be reduced. In the case of multiple SNPs analyzed with one sequencing primer, the
quality control window for one SNP position will end at the next SNP.

To make the best use of the reference peaks in the Pyrosequencing analysis by PSQ 96MA Software
and PSQ HS96A Software, design the sequencing primer to obtain:

e reference peaks as close as possible to the polymorphism
e single peaks as reference peaks

o reference peaks both before and after the polymorphic position, especially when analyzing
insertions/deletions or multiple SNPs

10.3.9 Simplex and multiplex assays

With the PSQ 96MA and PSQ HS96A systems it is possible to create two different types of assays in
SNP genotyping: simplex and multiplex assays.

e In the simplex assay one sequencing primer is used, which means that the polymorphic
positions must be in the same sequence and that the first and last polymorphisms should
preferentially be within 15 nucleotides (otherwise consider running a multiplex assay).One
sequencing reaction is performed in the simplex assay.

e In multiplex assays, one sequencing primer per polymorphic position is used in the sequence
reaction. The polymorphic positions do not have to be in the same sequence. Several different
sequencing reactions occur simultaneously.

Simplex assay

In simplex assays, one or several polymorphic positions are genotyped using one sequencing
primer.

PSQ 96MA System and PSQ HS 96A System are optimized for genotyping within 15 nucleotides
from the sequencing primer.

Multiplex assay

In multiplex assays, several polymorphic positions are analyzed in the same reaction. The
polymorphisms can be positioned in the same DNA fragment or in different DNA fragments. One
sequencing primer per polymorphism is used in the sequencing reaction.

PSQ 96MA SNP Software and PSQ HS 96A Software supports duplex and triplex sequencing of
single polymorphic positions (di-, tri- and tetra-allelic SNPs, and InDels).

72 (85)



Example 1: Multiplex assay where the polymorphisms are positioned in the same
DNA fragment

3'...AACATTCGGCTTACAG/ACAGCTGACCTAGCCTCGGATGAAC/TACTTCGTCGAAC. ..
5'TAAGCCGAATGT e 5'TGGATCGGAGCCT i

One DNA fragment with two polymorphic positions that are sequenced at the same time.
The peaks come from two different sequencing reactions when the primers are extended.

Example 2: Multiplex assay where polymorphisms are positioned in two different
DNA fragments

3'...ACGTGGATTACATTCGGCTTACAG/ACAGCTGAGTAAAGTTAGT. . .
5'TAAGCCGAATGT e

3'...GTTGACAGGACGTACGCTTACACCGTAAGGTGTGAAC/TACC. ..
5'’ATGTGGCATTCCAC i

Two different DNA fragments are sequenced at the same time. The peaks come from two
different sequence reactions when the primers are extended.

Note: Assay Design Software does not support the automatic primer design for multiplex assays.
To use Assay Design Software for multiplex assay design, design the primer sets separately, and
manually check the different primer combinations, e.g. for duplex formation. See Chapter 9 -
Hints & Tips, for more information.

10.3.10 Mispriming

To obtain specific amplification during PCR, it is important to select PCR primers that do not have
alternative priming sites on the DNA template sequence.

Mispriming in the Pyrosequencing reaction occurs when the sequencing primer binds to the wrong
part of the sequence, which may result in an overlaid sequence in the pyrogram.

10.3.11 Secondary structures

Double or overlaid sequences, broad peaks or signal compression in the pyrogram may indicate the
occurrence of secondary structures in the DNA template.

Secondary structures can hinder the annealing of the sequencing primer, which can result in low
and/or spurious peaks.
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Secondary structures can be the result of self-priming.

Self-priming occurs when a part of the DNA sequence at the 3' end is complementary to
another part of the DNA sequence and the sequence thus binds to itself and acts as a
primer.

3I
5 11111111

This may result in an overlaid sequence in the pyrogram.

Secondary structures in a DNA template can cause problems in the sequencing reaction due to
interference with enzymes in the assay.

Secondary structures may interfere with the enzymes in the assay. Secondary structures
can hinder the DNA polymerase from binding to its priming site or obstruct the procession
of the DNA polymerase, which could lead to broad peaks and/or incorrect sequencing
context in the Pyrogram.

Example

A secondary structure has been formed that inhibits the enzyme's activity.

3I

L' a—0
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11 Appendix B. Assay types

11.1 Genotyping and allele quantification (AQ)
11.1.1 Introduction

Assay Design Software can be used to design assays (PCR and sequencing primers) for genotyping,
mutation analysis, and allele quantification (AQ) in PSQ 96MA System or PSQ HS 96A System.

This part of the methodology provides information on:
e Polymorphisms for which assays can be designed in Assay Design Software

e How to enter the polymorphism in the Assay Design Software

11.1.2 Polymorphisms for which assays can be designed

Assay Design Software supports assay design for di-, tri- and tetra-allelic single nucleotide
polymorphisms (SNPs), point mutations, and insertions/deletions (InDels).

Di-allelic SNPs

A SNP position in a gene is said to be di-allelic if two possible alleles (nucleotides) can occupy the
SNP position, for example C or T (denoted C/T or Y when entered in Assay Design software).

Tri-allelic SNPs

A SNP position in a gene is said to be tri-allelic if three possible alleles (nucleotides) can occupy the
SNP position, for example G, T or C (denoted G/T/C or B when entered in Assay Design software).
A diploid individual can have any combination of two of these nucleotides.

Tetra-allelic SNPs

A SNP position in a gene is said to be tetra-allelic if four possible alleles (nucleotides) can occupy
the SNP position, i.e. C, T, G and A (denoted C/T/G/A or N when entered in Assay Design
software). A diploid individual can have any combination of two of these nucleotides.

Mutations

A point mutation is a DNA sequence variation that occurs when a single nucleotide (A, T, C or G) in
the genome sequence is altered (mutated). For example, a mutation might change the DNA
sequence AAGGCTAA to ATGGCTAA.

The only difference between a point mutation and a SNP is that for a mutation to be classified as a
SNP, all alternative forms must each occur with a frequency of 1% (0.01) or greater in a
population.

Therefore, a point mutation is regarded as a di-allelic SNP when designing assays using Assay
Design software.

Insertion/deletion polymorphisms (InDels)

An InDel is a mutation where one or several nucleotides have been inserted/deleted in a DNA
sequence.

Use square brackets [ ] when entering InDels in Assay Design Software. It does not matter if the
InDel is an insertion or deletion when entering it in the software (see Example 1).

If the InDel is located in a homopolymeric stretch, see Hints & Tips for more information.
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Example 1:
A[C]G represents the two alleles ACG and AG
GC[TT]TT represents the alleles GCTTTT and GCTT

AT[ATI][AT] can be used to represent a short tandem repeat with alleles AT, ATAT, and ATATAT.
Select [AT][AT] as target region.

Short tandem repeats (STRs)

A short tandem repeat (STR) is a repeated DNA sequence in which the repeat elements are
typically two to five base pairs long.

To design an assay for STR analysis, use the InDel notation (see Example 2).

Example 2:

Allele 1: ACGACGACG

Allele 2: ACGACGACGACG

Allele 3: ACGACGACGACGACGACG

Assay Design Software will not position primers inside the selected target region. In order for the
sequencing primer to overlap the constant repeat region (when possible), two different notations
and choices of target region should therefore be used for forward and reverse sequencing primers
respectively.

Forward assay:

ACGACGACG[ACG][ACGACG]

The target region should be selected starting four nucleotides into the constant part of the repeat
region. In the example above, choose CGACG[ACG][ACGACG] as target region and generate only
forward sequencing primers (Tick the box “Generate forward primers” in the Current assay settings
dialog). By choosing this target area, the forward sequencing primers that are generated will
overlap between 0 and 4 nucleotides of the constant repeat region.

Reverse assay:

[ACGACG][ACG]JACGACGACG

The target region should be selected starting four nucleotides into the constant part of the repeat
region. In the example above, choose [ACGACG][ACG]ACGAC as target region and generate only
reverse sequencing primers (Tick the box “Generate reverse primers” in the Current assay settings
dialog). By choosing this target area, the reverse sequencing primers that are generated will
overlap between 0 and 4 nucleotides of the constant repeat region.
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11.1.3 Entering polymorphisms in Assay Design Software

The following rules apply when entering polymorphic positions in the software:

¢ Single nucleotide polymorphisms (SNPs) should be entered using “/” (e.g. A/T) or by
using the corresponding IUPAC code.

Adenine
Cytosine
Guanine
Thymine
A/C

A/G

A/T

G/C

T/C

G/T
A/C/G
A/C/T
A/G/T
C/G/T
G/A/T/C

Z2WU0I<KX<WLgAaZ-EHOODP

o Insertion/deletion polymorphisms (InDels) should be entered using the square bracket
notation “[ 1” (e.g. [AT]). Short Tandem Repeats (STRs) should be entered using the InDel
notation. See section 9.9 for further information.

e Polymorphisms involving a combination of SNPs and InDels should be entered using a
combination of ”/” and “[ 1" (see example 3 below).

e Nested polymorphisms are not allowed. Example: [ATT[C]G].

The table below shows some examples of how to enter different kinds of polymorphisms in the
software.

Example 3:
Di-allelic SNP: A[C]G: [T/A] represents a tri-allelic
G/C or S (IUPAC) represents either ACG or AG polymorphism where the
Tri-allelic SNP: GC[TT]TT: possible alleles are a T, an A or
A/C/G or V (IUPAC) represents either GCTTTT or neither (deletion).
Tetra-allelic SNP: GCTT
G/A/T/C or N (IUPAC)
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11.2 Sequence analysis (SQA)
11.2.1 Introduction

Assay Design Software can be used to design assays (PCR and sequencing primers) for sequence
analysis (SQA) in the PSQ 96MA System.

This part of the methodology provides information on how to enter the sequences for sequence
analysis in the Assay Design Software.

11.2.2 Entering sequences for SQA into Assay Design software
Sequence containing variable region with unknown variants

Enter, or import, the sequence in Sequence Editor with a number of N-nucleotides to denote the
unknown sequence.

E.g. ACCAGTATTTAGGACCAGATTAGGNNNNNNNNNNNNNNNNNNNNNACCAGGATGACAGTAGACCC

The default target region will then be the stretch of unknown nucleotides with three known, non-
variable nucleotides flanking the unknown region on either side.

Default target region:

ACCAGTATTTAGGACCAGATTAGGNNNNNNNNNNNNNNNNNNNNNACCAGGATGACAGTAGACCC

Sequence containing variable region with known variants

1. Enter the sequence of the expected, or most common, variant.
Expected sequence variants:

ACGTGGCTGG CATGGCTGCT CG (ACGTGGTG/ACGTGCTG/ACCCTCC)
CGTGCTGCAT GGCTGCGCTG CTG

Enter:
ACGTGGCTGG CATGGCTGCT CG ACGTGGTG CGTGCTGCAT GGCTGCGCTG CTG

2. Set the nucleotides highlighted in blue as target region (i.e. the variable region flanked
by three known, non-variable nucleotides on each side).

Confirming a known sequence

Enter the expected sequence, and mark the region of interest as the target region.
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12 Glossary
A

Adenine (A): A purine base that is a part of DNA and RNA molecules. Adenine forms base pairs
with thymine (a pyrimidine base) and uracil (in the case of a RNA molecule).

Allele: An allele is any one of a number of alternative forms of the same gene occupying a given
locus (position) on a chromosome.

Allele frequency: The estimation of the proportion of each allele at one gene locus (for example,
the proportion of each allelic variant in a SNP) in a population.

Allele quantification: Allele quantification is used to estimate the allele frequencies for sample
populations.

Amplicon: The amplicon is the DNA sequence amplified in a PCR reaction and is defined by the
PCR primers on either side of the target region (forward and reverse primer).

Annealing: The base pairing of a primer to a complementary single strand of DNA (or RNA) to
form a double helix. The bases are held together by hydrogen bonds formed during
annealing.

Annealing over a SNP: The user can allow the PCR- and/or sequencing primers to anneal over a
SNP, if necessary. This is useful if a polymorphism needs to be genotyped where the
surrounding sequence contains SNPs.

Assay: An assay is defined as the information required to perform PCR amplification and
Pyrosequencing analysis on a sample. The unique feature of an assay is the target region,
which either contains the polymorphism(s) of interest (in genotyping or AQ) or the
(unknown) SQA sequence. An assay generated by Pyrosequencing Assay Design Software
contains information on suitable PCR primers, sequencing primers and corresponding
sequences to analyze.

Base: A base is a part of nucleotides, which are the building blocks of DNA. Adenine, thymine,
cytosine, and guanine are bases. Adenine forms base pairs with thymine and cytosine
forms base pairs with guanine. They are called bases because they are alkaline (basic) in
the acidic DNA structure.

Base pair: Represents two complementary bases bound together by hydrogen bonds. In DNA,
adenine (A) is hydrogen bonded to thymine (T) and guanine (G) is hydrogen bonded to
cytosine (C). Two strands of DNA bound together by base pairs form a double helix. The
number of base pairs is often used as a measure of the length of a DNA segment.

Batch assay design: Simultaneous assay design on several DNA sequences.

Biotin: A molecule that can bind very strongly to streptavidin. Can be used for biotinylation of
primers to bind a DNA strand to a streptavidin-coated solid phase.

BLAST homology search: BLAST (Basic Local Alignment Search Tool) is an algorithm that can be
used to search sequence databases for homologous sequences. It may be used to
characterize unknown sequences, or to find homologous or related sequences.

C

Chromosome : A physically distinct unit of the genome containing many genes. The chromosomes
are replicated (duplicated) during cell division. Prokaryotic genomes often carry the entire
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genome on one circular chromosome whereas eukaryotic genomes often have a humber of
chromosomes.

Cyclic dispensation order: A repetitive dispensation order for nucleotide dispensation in the
Pyrosequencing reaction. Normally used in Pyrosequencing technology for sequencing
unknown DNA-sequences. For example, "CTGA" or "TCGA" can be used and repeated the
desired number of times.

Cytosine (C): A pyrimidine base that is a part of DNA and RNA molecules. Cytosine forms base
pairs with guanine (a purine base).

D

Deletion: Loss of a base or a segment of DNA from a chromosome. Small deletions within a gene
can alter the reading frame, and thus the amino acid sequence of the encoded protein.

Deoxyribonucleic acid (DNA): The carrier of genetic information in most organisms.
Di-allelic SNP: A SNP where two possible bases can occupy the polymorphic position.
Diploid: A diploid genome contains two copies of each chromosome.

Directed dispensation order: Non-cyclic nucleotide dispensation order that follows the known
sequence. To be used in Pyrosequencing technology when you know the sequence to be
analyzed. Example: the sequence TCCAGAA should be dispensed TCAGA.

Direction: The direction of an assay, which can be either forward or reverse. See Forward assay
and Reverse assay respectively.

Dispensation order: Defines the order in which nucleotides should be dispensed in a
Pyrosequencing run. Use a cyclic dispensation order if the sequence is unknown. Use a
directed dispensation order if analyzing a SNP, or if the sequence is known.

DNA pool: A mix of several DNA samples.

Duplex: A double-stranded nucleic acid, formed e.g. by two primers that anneal to each other.

Enzyme: A protein (or RNA) working as a catalyst to enhance the speed of a biochemical reaction
without altering it.

EMBL Nucleotide Sequence Database: The EMBL Nucleotide Sequence Database is Europe s
most comprehensive nucleotide sequence database

F

FASTA format: The FASTA file format is a common format for DNA sequence files. A sequence in
FASTA format begins with a single-line description, followed by lines of sequence data. The
description line is distinguished from the sequence data by a greater-than (>) symbol in
the first column. It is recommended that all lines of text are shorter than 80 characters in
length.

Forward assay: A forward assay is an assay where the sequencing primer is annealed to the
complementary strand of the input DNA sequence. Sequencing will be performed, reading
the polymorphism/unknown region in forward direction, i.e. generating the input sequence.
For a forward Pyrosequencing assay, the reverse PCR primer should be biotin-labeled.

Forward PCR region: The area in the DNA sequence in which forward PCR primers will be placed
when performing primer set generation.
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G

GC content: The percentage of G and C bases in a DNA molecule.

GenBank: GenBank is an annotated collection of all publicly available DNA sequences and the
genetic sequence database of the US National Institute of Health (NIH).

Gene: A specific DNA sequence from which a protein or RNA can be generated. The human
genome is estimated to contain 30,000 genes.

Genome: The total genetic information of an organism.
Genomics: The analysis and investigation of the genome.
Genotype: The observed alleles at a genetic locus for an individual.

Gibb’s free energy (AG): Gibbs free energy is a measurement of nucleic acid duplex stability. A
DNA duplex is more stable when its AG value is more negative. The definition of free
energy is: AG = AH - TAS, where H is the enthalpy, S is the entropy, and T is the
temperature.

Guanine (G): A purine base that is a part of DNA and RNA molecules. Guanine forms base pairs
with cytosine (a pyrimidine base).

H

Hairpin: See Hairpin loop.

Hairpin loop: A self-annealing nucleic acid strand, forming stable hydrogen bonds (AG < zero)
with itself. The hydrogen-bonded region is referred to as a stem and the single-stranded
region is referred to as a loop.

Heterozygote: An individual with different alleles at a given locus (postion) on the two
corresponding chromosomes.

Homopolymer: A stretch of identical bases in DNA. In Pyrosequencing technology, stretches of
two or more identical bases are regarded as homopolymers.

Homozygote: An individual with the same alleles at a given locus (position) on the two
corresponding chromosomes.

I

Insertion: Addition of a base or a DNA segment into a chromosome. Small insertions within a
gene can alter the reading frame, and thus the amino acid sequence of the encoded
protein.

International Union of Pure and Applied Chemistry (IUPAC): An organization providing
recommendations on organic and biochemical nomenclature, symbols, terminology, etc.

L

Locus: The position on the chromosome at which a gene or a genetic marker is situated. The locus
may be occupied by any one of the alleles for the gene or the genetic marker.

M

Melting temperature: Melting temperature (Tm) of a primer is defined as the temperature at
which 50% of the primer is annealed to the template, and 50% is free in the solution. The
melting temperature depends on the primer sequence (GC-rich primers have higher
melting temperatures), primer length, concentration, and chemical properties of the buffer
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solution. There are different ways to calculate the melting temperature. The method
primarily used in the Assay Design Software is the Nearest neighbor method.

Mispriming: Mispriming occurs when there are alternate annealing sites for the primer in the
template sequence, i.e. when the 3'-end of a primer has significant homology with more
than one site on the template sequence.

Multiplex assay: Reaction with one or several different DNA templates and several sequencing
primers in the same reaction, one primer per polymorphism.

Mutation: A change in the DNA sequence. Mutations within a gene can alter the amino acid
sequence of the encoded protein. They can also alter the reading frame, and thus the
amino acid sequence of the encoded protein. Mutations occuring more frequently than 1%
in a population are SNPs.

Nearest Neighbor algorithm: A common method for calculating the melting temperature (T,,) of
primers.

Nucleoside: A compound consisting of a purine or pyrimidine base covalently linked to a pentose.

Nucleotide: A nucleoside phosphorylated on one or more of the hydroxyl groups of the sugar. A
nucleotide is the monomer unit of nucleic acids.

P

PCR: See Polymerase chain reaction.

PCR primer: A primer used for amplifying a part of a DNA sequence by Polymerase chain reaction
(PCR).

PCR primer pair: In order to conduct PCR, two primers are necessary, one forward and one
reverse. Hence PCR primers always come in pairs.

PCR product: See Amplicon.

PCR region: The forward PCR region is the region in the DNA sequence where the forward PCR
primer will be positioned, and the reverse PCR region is the region in the DNA sequence
where the reverse PCR primer will be positioned.

Point mutation: A variation in a single nucleotide position. The most common type of genetic
variation. Point mutations that occur in more than 1% of the members of a population are
called SNPs.

Polymerase chain reaction (PCR): A technique for amplifying a specific segment of DNA more
than 1 million times. Multiple cycles of denaturation, annealing with primer, and extension
using a thermostable DNA polymerase produce an analyzable amount of DNA.

Polymerases: Enzymes that catalyze the synthesis of nucleic acids, assembling DNA or RNA from
(deoxy)ribonucleotides. Most polymerases need one strand of pre-existing nucleic acid as
template and a double-stranded end to begin from.

Polymorphism: Genetic variations, broadly encompassing any of the many types of variations in
DNA sequence that are found within a given population. Specific subtypes of
polymorphisms include mutations, point mutations, SNPs and insertions/deletions.

Primer: A short DNA oligonucleotide that anneals to a template DNA strand. The primer provides a
free 3'-OH end from which the DNA polymerase can start synthesizing a complementary
DNA strand. Primers can be labeled with various molecules, e.g. biotin.

Primer annealing site: The primer annealing site is the location on the template DNA strand
where the primer can anneal. In general, the primer has been designed to be 100%
complementary to the template DNA strand, which allows specific primer annealing.
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Primer set: A primer set for Pyrosequencing consists of a PCR primer pair and a sequencing
primer.

Pyrogram: The resulting graph from a sequencing reaction performed using Pyrosequencing
technology. Each incorporated nucleotide is shown as a peak in the pyrogram.

R

Reference peak: Reference peaks are used as internal controls in sequencing reactions in
Pyrosequencing technology.

Repeat: See Short tandem repeat.

Reverse assay: A reverse assay is an assay where the sequencing primer is annealed to the input
DNA sequence strand. Sequencing will be performed reading the polymorphism/unknown
region in the reverse direction, i.e. generating the complementary strand to the input DNA
sequence. The forward PCR primer should be biotin-labeled for a reverse Pyrosequencing
assay.

Reverse PCR region: The area in the DNA sequence in which reverse PCR primers will be placed
when generating primer sets.

S

Secondary structures: Structures formed by single-stranded DNA, such as hairpins and loops.
Often seen in GC-rich or repetitive stretches of the DNA. Secondary structures may be
difficult for polymerases to read through.

Self-priming: Self-priming occurs when a part of the DNA sequence at the 3'-end is
complementary to another part of the DNA sequence and the strand binds to itself and acts
as a primer. In the Pyrosequencing reaction, self-priming may result in an overlaid
sequence, making the pyrogram difficult to interpret.

Sepharose beads: Streptavidin-coated sepharose beads that can be used for preparation of
biotinylated PCR products.

Sequence format: The way in which a DNA sequence is recorded in a computer file. Different
programs for database searches use different formats. Examples of formats are FASTA,
GenBank and EMBL formats

Sequence to analyze: A short part of a DNA sequence,starting directly after the sequencing
primer, which contains one or several polymorphisms to be analyzed using PSQ 96MA or
PSQ HS96A systems. See also "The Sequence to Analyze" in the methodology part of the
manual.

Sequencing primer: A primer used for sequencing part of a DNA sequence.

Short tandem repeat (STR): An STR is a polymorphism where two or more bases are repeated
after each other with different (limited) multiplicities in different alleles.

Simplex assay: Sequencing reaction with one sequencing primer from which one, or several,
polymorphisms are analyzed in a reaction. Compare with Multiplex assays.

Single nucleotide polymorphism (SNP): SNPs involve the change of one DNA base to another.
SNPs and point mutations are structurally identical, differing only in their frequency.
Variations that occur in 1% or less of a population are considered point mutations, while
those occurring in more than 1% are SNPs. SNPs can occur in coding regions of the
genome (cSNPs), in regulatory regions (rSNPs), or, most commonly, in "junk DNA" regions,
in which case they are referred to as anonymous SNPs. SNPs can be di-, tri-, or tetra-allelic
polymorphisms. However, in humans, tri-allelic and tetra- allelic SNPs are rare.

STR: See Short tandem repeat.

Streptavidin: A molecule that binds very strongly to biotin.
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T

Target region: The target region defines the region to be analyzed by Pyrosequencing. In
genotyping and AQ, the target region will contain the polymorphism(s) that will be
genotyped. In SQA, the target region will contain the known or unknown sequence to be
sequenced. Primers generated by Pyrosequencing Assay Design Software will always be
placed outside the defined target region.

Template: The DNA template is commonly defined as the (single-stranded) DNA that is used by
the DNA polymerase to synthesize a complementary "template copy". In Pyrosequencing,
the template is specifically the single stranded DNA that is attached to the Sepharose
beads (by means of a biotin bridge) in the well, and which is used to perform sequencing-
by-synthesis.

Tetra-allelic SNP: A SNP where any one of four bases can occupy the polymorphic position.

Thymine (T): A pyrimidine base that is a part of DNA molecules. Thymine forms base pairs with
adenine (a purine base).

Tri-allelic SNP: A SNP where any one of three bases can occupy the polymorphic position.
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