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Introduction

Quick Start
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MacVector Assembler is an add-on module for MacVector. It
provides an intuitive interface to the industry standard phred,
cross_match and phrap algorithms developed by Phil Green’s
group at the University of Washington. This tutorial will guide you
through the process of assembling sequences using MacVector
Assembler. Read the quick start section to quickly get going with a
simple assembly project.

Note: see the other tutorials for reference assembly with Bowtie
and de novo assembly with Velvet.

To assemble a set of sequences follow these steps;

Start MacVector and choose File | New | Assembly
Project to create a new empty project file.

Click on the “Add Seqs” tool bar button, then select the
sequence and/or chromatogram files you wish to assemble
and click on the Open button. Note that you can hold down
the <shift> key to select multiple sequences to import.

Choose Analyze | Base Call (phred) or click on the phred
toolbar icon to run the phred algorithm on all of the
chromatogram-based sequences in the project. Note that if
no sequences are selected, phred will be run on ALL of the
files in the project.

(Optional) Chose Analyze | Vector Trim (cross_match)
or click on the cross_match toolbar icon to mask vector
sequences in the reads. You will need to import the vector
sequences you used in the vectors tab of the cross_match
dialog. The files can be in any file format supported by
MacVector.

Choose Analyze | Assemble (phrap) or click on the
phrap toolbar icon to assemble all of the sequences of the
project.

After assembly, overlapping sequences will be removed
from the project and be replaced by contigs. Double-click
on a contig to open it in a contig editor.



Contig Assembly Tutorial

20 March 2014

* You can not only edit sequences in the contig editor but
you can also directly run any MacVector nucleic acid
analysis function on the contig consensus sequence.

* Finally you can save the consensus sequence in MacVector
format by choosing File | Export from the contig editor
window. You can also save the assembly project itself at
any time and you will be prompted to save any changes
when you close the project window.

Sample Files

After installing MacVector Assembler, you will find example files
for this tutorial in the folder;

/BApplications/MacVector/Tutorial Files/Contig

Assembly/

There is a Trace Files folder containing 32 trace files in SCF
format along with two vectors (pSG933 and Tn1000) used in the
sequencing experiment.

Glossary

There are a few terms that are used in this tutorial that you may not

be familiar with;

Term

Description

Base Call

The interpretation of the peaks in a trace file to identify the
most likely DNA sequence.

Chromatogram

The trace information from an automated sequencing
machine. The terms “chromatogram files” and “trace files”
are used interchangeably in this tutorial to describe the files
generated by automated sequencing machines.

Consensus

The most likely sequence of a contig, determined by taking
all of the overlapping sequences into account.

Contig

An assembly of two or more overlapping sequences.

Quality Value

A value assigned to a base call to reflect the probability that
the base call is in error. Uses a scale from 0 to 99.

Reads

A generic term used to describe the collection of DNA
sequences that were generated during the sequencing
project to be assembled into a contig. Typically these are
trace files, but they can also be plain sequences.

Trace

The chromatogram data generated by an automated
sequencing machine. The terms “chromatogram files” and
“trace files” are used interchangeably in this tutorial to
describe the files generated by automated sequencing
machines.

Contig Assembly Tutorial
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Tutorial

Creating and Populating a Project

The first step in the tutorial is to create a new project and add some
sequences to it.

Select File | New | Assembly Project. An empty assembly
project window will open.

Click on the “+” toolbar button. In the dialog that opens, navigate
to the MacVector/Tutorial Files/Contig
Assembly/Trace Files/ folder.

Click on the first file (A04a.scf) to select it, then scroll to the
end of the list, hold down the <shift> key and click on the last
file (ReversePrimer.scf) to select all of the files in the folder.

Finally, click on the Open button to import the selected files into
the project.

Note that project makes a copy of all of the data that you import. If
you subsequently edit the original files on disk, the data in the
project will be unaffected. Similarly, any edits you make to the
project data will not affect the contents of the original files.

MacVector Assembler can import chromatogram files in ABI, SCF
and ALF formats. In addition, you can import plain sequence files
in any file format supported by MacVector (including the FastQ
format for next generation sequencing projects). There are no
specific limits to the numbers or sizes of the sequences that you
import. However, you may run into performance problems with
projects containing large numbers of sequences. We recommend
that you use a computer that has at least 0.5 MB of physical RAM
for each chromatogram file you import for optimum performance
i.e. use at least 512MB for a 1,000 sequence assembly. If you do
see a slowdown importing, editing and saving large projects,
adding more RAM to your computer is usually the most cost-
effective way to improve performance.

Contig Assembly Tutorial 6
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The Project Window
®@00 Untitled 6 — Project
£ s N N
Add Seqs Add Ref Add Contig Prefs Phred CrossMatch Phrap Velvet Filter

Project Properties

Name - Status Length “ ClipL ClipR Start Stop C
ReversePrimer 858 1 858 a
G0%a 756 1 756 a
BO2a 756 1 756 a
EO4b 756 1 756 a
D12a 754 1 754 a
Blla 752 1 752 a
HO3a 752 1 752 a
G05a 752 1 752 a
ForwardPrimer 751 1 751 a
FO8a 751 1 751 a
FO9a 744 1 744 a
AO4a 742 1 742 a
H10a 739 1 739 a
DOla 736 1 736 a
Bl0a 735 1 735 a
HO5a 734 1 734 a
FOsa 732 1 732 a
Bllb 726 1 726 a
FO8b 718 1 718 a
BO2b 717 1 717 a
E04a 715 1 715 a
CO5b 713 1 713 a
HO3b 711 1 711 a
H10b 710 1 710 a

Toolbar Buttons

The Project Window has the following functional toolbar buttons
relevant to this tutorial;

vy

AddSeas Add Seqs — use this button to add additional sequences to
the project. You can also use Edit | Add Sequences From File

¥

E:S
femove Seas. Remove/Dissolve — removes the selected sequences
from the project. You can also use this button to dissolve selected
contigs. The text of the button will change depending on the items
you have selected. You can also use the <delete> key or Edit |

Remove Sequence to accomplish the same functions.

Reset. Reset — this resets the trimming (sometimes called
“clipping”) for the selected sequence(s), or for all sequences if
nothing is selected in the window.

Contig Assembly Tutorial 7
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Tabs

Project Tab
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Ie’s Preferences — this button opens up a dialog that lets you
(a) configure the default appearance of the contig editor and (b)
add vectors to the project.

* 53
Phred  CrossMatch Phran . ppred/CrossMatch/Phrap - these
buttons invoke the corresponding calculation for base calling
(phred), vector screening and trimming (cross_match) or assembly
(phrap).

The window has two tabs that display information related to the
project. Like other MacVector tabbed windows, you can click on
them to see a different view of the underlying data.

Project [ Properties ]

The project tab has a number of columns that display information
about the individual sequences and contigs. Most of the columns
can be sorted by clicking on the column header.

Name - the name of the sequence. All sequences and contigs in a
project MUST have a unique name. If you try to import sequences
with duplicate names, you will be prompted to choose how they
should be handled. The icon next to the name indicates if the
object is a contig, a trace or a plain sequence. You can directly edit
this field to change the name.

Status — initially blank, the status field indicates if a sequence has
been base called with phred (”P”’) or masked for vector sequences
with cross_match (“X”).

Length — the length of the sequence or contig.
# - for contigs, this field indicates the number of reads that have

been assembled. For sequences in a contig, the field indicates
orientation using “->” for forward reads and “<-* for reverse reads.
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ClipL - the first residue from the 5’ end that is not masked.
Typically this will be “1”, although cross_match or phrap may
change this.

ClipR - the last valid residue at the 3’ end of a sequence. Initially,
this is simply the last residue of the sequence, but cross_match and
phrap may change this.

Start — for sequences in a contig, the start location of the sequence
within the contig.

Stop — for sequences in a contig, the location of the last residue of
the sequence within the contig.

Definition — any descriptions associated with a sequence.

You can double-click on an item to open up the editor associated
with the object, e.g. the trace editor or the contig editor. Note that
in this version, you cannot directly edit plain sequences by double-
clicking on them — you should complete any editing on these
before adding them to the project.

l Project l Properties

The properties tab lists a variety of useful statistics about the
project, including the number of files and contigs, the average
quality value and the number of low quality residues in the
assemblies.

Total Reads: 32
Contigs: 1
Singleton Reads 8
Sum of Contig Lengths: 3423bp
Average Contig Length: 3423bp
Avg Contig Quality: 88
Low Quality Residues: 3

Saving and Opening Assembly Projects

Contig Assembly Tutorial

You can save assembly projects at any time. They are saved in
packages. These are a special type of folder that is treated as a
single file by Finder. However, the actual assembly is saved inside
this package in an XML format, meaning that the file contents are
text and can (potentially) be viewed in any standard text editor
such as TextEdit.
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Choose File | Save As... As this is the first time you have saved
the project, you will get prompted for a filename. Otherwise, use
File | Save so the project will be saved with its current filename.

The small tutorial project should save within a second or two.
Large projects may take some time to save — approximately 5
seconds for every thousand trace sequences on an average
machine. A progress dialog is displayed during the save. You can
cancel this and your original file will not be affected.

Close the project window. You will be prompted to save if you
have made any changes since the last save.

Click on the File menu. A list of recent files is appended to the
bottom of the menu. Select the name you saved the project under.

The project will open. Again, a progress dialog is displayed during
the load as large projects may take some time to open. If you have
a very large project, it may take a few seconds before the progress
dialog is displayed.

Base Calling with Phred

Phred is an algorithm developed by Phil Green’s group at the
University of Washington. Phred re-evaluates the chromatogram
peaks in a trace file, a process known as “Base Calling”. Not only
is phred typically more accurate than the default base callers used
by automated sequencing machines, but it also assigns “Quality
Values” to each individual base call. Phred uses a statistically
significant logarithmic scale from 0 to 99 where 10 means there is
a 1 in 10 chance that the call is in error, 20 means there is a 1 in
100 chance the call is in error, 30 means there is a 1 in 1,000
chance of an error etc. The values 98 and 99 are reserved to
indicate residues that have been edited by the user. A phred score
of 20 or more is generally considered to be an acceptable score.
MacVector Assembler displays phred scores as a histogram above
the sequence using colors to indicate the quality — scores below 20
are shown in red, scores of 20 or greater in green and edited
residues (score 99) in blue.

Contig Assembly Tutorial 10
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Make sure you have no selections in the project window. To
toggle a selection off, click on the selection while holding down
the command (88) key.

You can select a subset of sequences for analysis if you wish.
However, if nothing is selected, all of the chromatogram
sequences in the project will be submitted for analysis.

Choose Analyze | Base Call (phred) or click on the phred
toolbar button

You should typically see the Job Manager displayed with a list of
the submitted jobs and their progress. When the job(s) have
completed, the project window will refresh to reflect the new base
calls. The status of each entry changes to “P” to indicate you have
run phred on the sequence.

Viewing Base Calls

Double-click on one of the phred-called sequences in the project
window to open up the trace editor window.

®06 AO4a — Trace (@]
& 3 - . il L ),
DNA Unlocked Text View Prefs Rq.llu Width Channels Basecalls Qualities Range Features
Trace Map I Features l Annotations
s ERRER L SN T G T 72
makeSCF| CT TGA TTTCG . CT C.AA
Phred| A AC 6T CCT T A ACGT ACGITTTC TCCATTGGCCCTCAAACCCC
240— | P‘ ﬂ
220 i )
200— ‘ fl
160 ‘ Il
160 [l

- ‘ \ ]
o= ‘p L
100— | 14 |

I gg: \‘ ]1 l{ | III r}[ ‘ ]” ym ‘\“. J ]w‘[‘ |I ! 'h‘“|| ‘ A
40— v L f ” | t % ‘\[[ ”u
[ 25|/ /Y\l/i | \ I A ,‘1 o L !w A ‘, A ‘

When you open the trace editor window from an assembly project,
two additional toolbar buttons are displayed.

|H 1\ ‘w‘

Bill 4;

< »[al

—__:_1:%3
i?
SR
__;:-

Show Qualities — toggle this button to show or hide the
quality histogram displayed over the top of the sequence.
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i
111 Show Base Calls — toggle this button to show or hide the
basecalls displayed immediately below the main sequence line.

You can see that the original base call for this sequence was
generated using a utility called “makeSCF”. The phred base call is
shown directly underneath this. You cannot edit the base calls —
they are read-only. You can edit the upper sequence if you wish —
this is the “active” editable sequence that is used in all assemblies
and analyses. If you subsequently re-run phred on a sequence, it
will replace the phred base call and will also replace any edits you
have made to the active sequence.

Masking Vector Sequences with cross_match

Typical sequencing projects use a directed or shotgun sub-cloning
approach to generate short overlapping sequences that are then
assembled into a single longer sequence. It is common for the
reads to have vector sequences at the beginning and/or end which
can interfere with the assembly. Cross_match is an algorithm that
can be used to mask out any vector sequences to prevent this
interference. This is not an absolutely essential step as phrap (the
assembly algorithm we will use) can often detect the vector
sequences in a collection of similar sequences. However, using
cross_match is highly recommended to reduce the likelihood of
anomalous assemblies.

Make sure you have no selections in the project window. To
toggle a selection off, click on the selection while holding down
the command (88) key.

Choose Analyze | Vector Trim (cross_match) or click on the
crossmatch toolbar button.

The cross_match parameters dialog will appear. The algorithm
needs to know which vectors were used in the sequencing
experiments, so the dialog initially displays the empty Vectors tab.

Contig Assembly Tutorial 12
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Cross_match Parameters

)

Parameters ' Vectors
Vector Description
Add Vector: Recent Vectors... 1 Add...
[ Defaults | ( Cancel |

Click on the Add... button to bring up the file selection dialog.

Navigate to the MacVector/Tutorial Files/Contig

Assembly/ folder and select the files pSG933. txt and
Tnl000.txt

Contig Assembly Tutorial

Enable: = All Documents H
< ='m) Contig Assembly _3' Q
@ ;:n;;lm Codon Bias Tables Align To Reference B .
Common Vectors AutoAnnotation B Tn1000.tx
% Desktop Documentation Click Cloning Trace Files
A Users Contig Assembly
4 kendall Profiles
A Applications Proteoly.. Enzymes
Documents .| "7 Restricti...Enzymes
"_. Mov?es Sample Files
b4 M_“S'c Scoring Matrices
Flctures Subsequences
Public PR Y
Dropbox Tutorial Files
MacVector 11 "
Preferences RIS
[ New Folder )

( Cancel ) € Open )

Click on the Open... button to add the sequences to the vectors

tab.

The tab will refresh to reflect the new vectors that have been

added.

Click on the popup menu titled Recent Vectors...

13
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LLLRAYIS LTS v Recent Vectors... |

pSGO33.txt
Tn1000.txt

Note how the names of the files have been added to this menu. The
menu remembers the last 20 vector files you added to any project,
so you can use this as a shortcut to rapidly import common vectors
into any new projects you create.

The files you select can be in any sequence format supported by
MacVector. FastA, GenBank and EMBL format files can have
multiple sequences in them, so you can create just one file with all
of the vectors you use on a regular basis to further simplify vector
importing.

Click on the Parameters tab in the dialog to view the other
cross_match parameters. For this tutorial, we will accept the default
values. Click on the Defaults button to make sure you are using the
standard settings.

Click on the OK button to dismiss the dialog and run the algorithm.

The algorithm should complete within a few seconds. The project
window then updates with the new data.

Contig Assembly Tutorial 14
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® 006 test.contigassembly — Project
£ ¥V ¥ I s o T |
Add Segs Add Ref Add Contig Re =t Prefs Phred CrossMatch Phrap 2 Velvet Filter

Project Properties

- \ar;e Status Length # ClipL ClipR Start Stop C
ReversePrimer PX 886 1 886 a
G0%a PX 754 64 754 a
BO2a PX 751 56 751 a
EO4b PX 754 57 754 a
Dl2a PX 753 58 753 a
Blla PX 752 57 752 a
HO3a PX 745 56 745 a
G05a PX 748 58 748 a
ForwardPrimer PX 782 1 782 a
FO8a PX 753 58 753 a
F0%a PX 753 64 753 a
A04a PX 728 46 186 a
H10a PX 734 42 734 a
D0la PX 734 46 3561 a
Bl10a PX 738 42 738 a
HO5a PX 730 42 617 a
FO5a PX 733 42 733 a
Bllb PX 704 1 704 a
FO8b PX 709 1 709 a
BO2b PX 708 1 708 a
E04a PX 704 133 704 a
GO5b PX 705 1 705 a
HO3b PX 708 1 708 a
H10b PX 709 36 709 a

In addition to the status of each sequence changing to “PX” to
indicate that they have been trimmed with cross_match, many of
the ClipL entries now show values other than “1” indicating that
vector sequences were masked at the beginning. The sequence
AO04a has a particularly short insert and you can see that its ClipR
value is now only 186.

Double-click on the sequence A04a to open up a trace editor
window.

e 00 AO4a — Editor
T T =S CUAA W e () ~
DNA Locked TextView Prefs Replica Width Fit to.. Channels  Basecalls Qualities Range Features

Editor Map Features Annotations Raw Data

—_>

240—
220—
200—
180—
160 —
140—
120—
100—

Note how the masked residues are shown in gray italics. If you
scroll to the right, you will find additional masked residues from
186 onwards. Close the window before proceeding.
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Assembling Sequences using phrap

Phrap is the assembly algorithm from the University of
Washington that has been incorporated into MacVector Assembler.
It is designed to work in concert with phred and cross_match — in
particular it understands quality values and will use them to make
better assemblies, particularly in areas with repetitive sequences.
Phrap also calculates quality values for each residue in the
consensus sequence using the same scale as phred. However, for
assemblies, a value of 40 (1 error in 10,000) is considered an
acceptable value.

Phrap is described in more detail in the phrap.pdf document that
can be found in the MacVector 12.0/Documentation folder.
This is the original documentation from the University of
Washington. It is somewhat technical in places, but it describes the
assembly algorithmic strategy and the effects of changing various
parameters in great detail.

Make sure you have the Project window front most, then be sure
you have no selections in the Project window. To toggle a
selection off, click on the selection while holding down the
command (88) key.

Choose Analyze | Assemble (phrap) or click on the phrap
toolbar button.

The phrap parameters dialog will appear. Not all of the parameters

described in phrap.pdf are available in the dialog. However, it is
unlikely that you will ever need to adjust any parameters other than
those displayed in the Basic tab.

Phrap Parameters

(“Basic = Advanced Miscellaneous

Pairwise Alignments Filtering
Mismatch penalty: -2 Min. alignment score: 30
Cap initiation penalty: -4 Potential vector bases: 80
Gap extension penalty: -3 Assembly
Banded search Stringency: 0
Minimum match length: 14 Maximum gap: 30
Maximum match length: 30 Repeat stringency: 0.95
Consensus
Minimum segment size: 8 Node spacing: 4

Short Read Defaults Defaults (Cancel ) € 0K )

Click on the Defaults button to make sure you are using the
correct default settings.

Contig Assembly Tutorial
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The Short Read Defaults button is useful if you are using if you
are assembling short (<100 nucleotide) sequences from Next
Generation Sequencing machines.

Click on the OK button to dismiss the dialog and run the
algorithm using the default values.

Phrap is a remarkably fast algorithm and the assembly should be
complete within a few seconds. Even with large (>1,000 reads)
projects, assembly rarely takes more than a few minutes. Again,
you can close the progress dialog and carry on working elsewhere
in MacVector if you expect assembly to take a long time. Once
assembly is complete, the project window is updated to reflect the
data change. In this case, all of the reads should be assembled into
a single contig.

Click on the disclosure triangle next to the contig to reveal the
contents of the contig.

®

SN test.contigassembly — Project
Add Segs Add Ref Add Contig Prefs Phrap B Velvet Filter
Project Properties
7Name Status Length #“ ClipL ClipR Start Stop
Contig 2 3450 32 1 3450

Al4a PX 728 - 45 186 3243 3970
AD4b PX 711 <= 1 672 2631 3331
BO2a PX 754 - 56 753 1097 1847
BO2b PX 710 <- 1 676 482 1190
Bl0a PX 741 -> 42 738 1628 2361
B10b PX 700 <~ 2 665 1011 1708
Blla PX 763 - 57 763 1982 2732
Bllb PX 708 <~ 23 674 1371 2076
D0la PX 735 - 46 362 3068 3801
DOlb PX 708 < & 673 2455 3152
Dl2a PX 762 - 58 762 1785 2538
D12b PX 709 <- 1 675 1175 1880
E04a PX 704 -> 137 704 -127 577
E04b PX 756 - 57 756 -35 721
FOsSa PX 735 -> 42 735 1369 2101
FOSb PX 700 <- 1 665 752 1449
F08a PX 759 o 58 755 1489 2243
FO8b PX 710 <= 1 675 878 1585
F0%a PX 764 -> 64 764 2333 3085
FOSb PX 705 <~ X 670 1738 2434
ForwardPrimer PX 790 - 1 698 X 790
G05a PX 754 58 751 645

Contig Assembly Tutorial
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The items within the contig are grayed out to indicate that you
cannot open them individually. This is to prevent you from
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inadvertently changing the sequence of a trace that has been
carefully aligned in a contig. However, you do have full editing
control from within the contig editor (see below).

Note how the #, Start and Stop columns have been updated to
display additional information. The number of reads assembled in
the contig is indicated on the top line, while the orientation of each
read in the contig is indicated on the other lines. The start and stop
locations of each read within the contig are also indicated in the
appropriate columns.

Although phrap does an excellent job of assembling reads and
generating an accurate consensus sequence, there may be times
where you need to edit the assembly, particularly if you have poor
quality chromatograms, or areas of the contig that have low
coverage.

Double-click on Contig_1 to open up the contig in the contig
editor.

Contig 2 — Editor
- 0 ~ ¢

,“v
/
Unlocked Text View Prefs Replica Translations Dots Qualities Width Basecalls Create

Annotations

Editor Map Features Text

Consensus G
D12a
Go9a
Blla
HOSb
H10b
F09a
DO1b
ReversePrimer

aAlaviviavwaw
3

—_—
Di2za G 7T A AA A

makeSCF G T A
phred G T A AT AA A
200—
100 ——

——

G0%a A A CGGGGA
makeSCF A A CGGGGA
phred A A CGGGGA
200—
00— A
W \
B11aGT AA T AAG G AATAA ACTCTT CACTGACGGGG ATATTTGGACAG G

makeSCF

The contig editor window is based upon the Align to Reference
editor from MacVector, with a number of important differences;
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* Base calls and quality values can now be displayed,
controlled by the same toolbar buttons used in the trace
editor.

* There is no “reference” sequence.

* The overlapping sequences can now be displayed in “tiled”
or “untiled” mode.

The tiled/untiled mode needs additional explanation.

In “tiled” mode, each component sequence is given its own
dedicated line in the upper panel. This is fine for relatively small
assemblies (< 50 reads) but for large assemblies, the layout is
impractical as there is too much white space and the user spends
too much time scrolling to find the right sequences to edit.

In “untiled” mode, only those sequences that actually overlap the
currently visible consensus sequence are shown on the screen. This
minimizes the amount of white space and reduces the need for
vertical scrolling. The downside to this approach is that the reads
may “move about” as you horizontally scroll through a contig.

In addition to the tiled/untiled mode, you can also choose to
display the consensus sequence at the top of the panel, or in the
center of the panel. This is controlled by the project preferences,
accessed by clicking on the Preferences toolbar button.

Contig Assembly Tutorial

Click on the Preferences icon £ to open up the project
preferences dialog.

B | Reference  Vectors
Contig Editor Display Contig Text Display

¥ Use Tiled mode Line Length: 100

!\ Enable mouse-over qualities

Defaults Revert Apply Cancel OK

19
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Select the Use Tiled Mode checkbox and click the OK button.
Note that in tiled mode, the consensus is always placed at the top
of the panel.

The contig editor display will change to use tiled mode. For the
remainder of the tutorial, set the display to non-tiled mode with the
consensus at the top of the panel. You may also want to increase
the size of the window so that you can see more data at one time.
You may also want to adjust the size of the upper panel by clicking
and dragging on the vertical bar that separates the upper and lower
panes.

Click on any residue on the consensus line.

The residue highlights, but the display also resets so that all of the
traces overlapping that residue become centered in the lower
multiple trace panel.

e 00 Contig 2 — Editor

v 0 «~ 6 o2
N
Unlocked Text View Prefs Replica  Translations Dots Qualities Width Basecalls Create

Editor Map Features Annotations Text

Consensus TCGAAGTATAGATTCAAAGATCTTAAATACTGCAAGAACGATGGEAG - CAAGTCAAACAAAAATATTTCTTAAATTGGTCTTACCATTATCTAL
ForwardPrimer »
E0da »
E04b »
GOsb 4
HO3b 4| TCGA AGATTCA A TAAATAC GATGGGAG-CAAGTGAA
B02b 4
Go05a »
FO5b 4

— =<

HO3bT GT TAAAT ACTGCAAGAACGATGGGAG-CA AGTGA A
makeSCF T G T TGCAAGAACGATGGGAGCAAGTGAAGGGGT GAGG
phred T G T TGCAAGAACGATIEGGAG CA AGTGA AGGGGT GAGG
f
200— f\ A 2
i\ n I\ ’ Al AV,
100— A A S o U, 4 T A \WA A AR LA Af Y ,."\/"‘
/\ Yy (‘.J\L‘n L/ WY Y /\,J'\J\‘-ll\/'\~/ Ay X
%
BO2bT GTTAAATACTGCAAGAACGATGGGAGCAAGTG
makeSCF T GTTAAATACTGCAAGAACGATGGGAGCAAGTGAA
phred T GT TAAATACTGCAAGAACGATGGGAGCAAGTG
200— I
o f\/
100— A vy S O A /\/\/\" NN/ Nnd V\
AR ATAYS'A  SYAYAUVAY2YS 'A%V B
GOsa | G AAATACTGCAAG AACGATGEGG AGCAAGTG AAACAAAAAT A
makeSCF

You can use this feature to click on any dubious consensus residue
and immediately see the overlapping traces aligned at that position.
Note that the consensus sequence is highlighted using your
primary highlight color (pale purple in the screenshot) while the
reads and traces are shown in a secondary highlight color (gray).

Press the right arrow button on the keyboard. Continue to hold it
down.
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This will scroll the contig to the right. You could potentially
slowly scroll through the entire contig this way. Note that
whenever the consensus is highlighted, the traces are always
aligned and centered at that position.

Click on one of the read sequences, either in the upper pane or in
the lower multi-trace pane.

In this case the display does not reset to align the traces at the
selected position. However, the primary highlight shifts to the
selected residue (in both the upper and lower panes) to indicate
which character will get changed if you press a valid key.

® 00 Contig 2 — Editor

v 0 ~ 6 o2
Unlocked Text View Prefs Replica Translations Dots Qualities Width Ba;;:‘calls Create
A Editor Map Features Annotations i Text

Consensus :AGCAATAGGTCAATTTGCTGCTACTTTCATGCTTGCTEGCTATATCCCAGACAAAACAAATACATTGCCTTTAGAAATTTATTTTTTAGTGGAC
ForwardPrimer
E0da
E04b
GOsb
HO3b
B02b
Go05a
FO5b

GCCTTTAGAAATTTATTTTTTAGTG
TTTAGAAATTTATTTTTTAGTG
CCTTTAGAAATTTATTTTTTAGTG

AV ia s awvw

BO2b: C 1
makeSCF * Vil
phred® CT T T
200—
100—

GOSaA CT T GATG G G C
makeSCEIA C TT TG ATGG TTGCT
phredA C T T TG ATGGT TG C T
200—
00—, . . \ ’\‘ A
ey o K006\ ~ . "
FOSbT ACT GATGGT TGC TGGCTATAT CCCAGACAAAACAAATACAT TG

makeSCF

Select any residue in one of the reads and press a different DNA
character key.

Note that you can directly edit the consensus sequence. It is usually
calculated indirectly from the overlapping reads. However, if you
do edit the consensus sequence, all of the overlapping Read
sequences are edited to match the consensus.
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® 00 Contig 2 — Editor

v 0 ~ 6 o2
Unlocked Text View Prefs Replica Translations Dots Qualities Width Ba;;:‘calls Create
A Editor Map Features Annotations i Text

Consensus IACATTGCCTTTAGAAATTTATTTTTTAGTGGAGCAAGGGAAAGAAAATGAAGCATGGTGATGCGTGCTTGTATTAGTTGCGTTTGCGGTAACTL

ForwardPrimer »
E0da >
E04b >
Gosb <
HO3b <
B02b 4racaTTGCC CTTGTATTAGTTGCGTTTGCGGTAA
LA PITACATTGCC CTTGTATTAGTTGCGTTTGCGGTAA
) {racaTTGCC 66 CATGGTGATGGGTGCTTGTATTAGTTGCGTTTGCGGTAA
— ®m<
BO2b5 G G A G A GCTCHMTCGETG TG T ETTE ¢@
makeSCF> G G A A A G A A (3 ATGGGTG TG AGT TG CG
phred; G G A A A G A GG ¢GeRE TG AGT TG CG
201 S f\ fin P
-, . i\ A 3
Y ) A Y YWY VA __/fv“ JA"A/\ /\“ A Yo\

G052.G G G A AAG GGTGHMTGGG TG CGI
makeSCF.G G G A AAG A TGG TATG GG 66T 16 TGCG
phred:G G G A A AG TG G ATGGGTGCT TG TG CG1
00— [\ :
wo- ) 7\ » L JJV\ '
%
FO5b| G GGAAAGAAAATGAAGCATGGTGATGGGTGCTTGTATTAGT TG CG
makeSCF

The residue changes to the chosen character and the quality value
changes to 99, represented by the blue histogram. The value 99 is
very important for consensus recalculation as it always overrides
all other quality values. This has two important implications;

1. If you edit a residue to be a valid DNA character, the
consensus will always change to match that character as it
overrides all other considerations.

2. If you edit two residues at the same position but in different
reads, and they do not agree, the consensus will be given an
ambiguity character.

Other than overwriting characters with the correct DNA residue,
there are some other editing functions you should be aware of;

* Selecting a residue and typing a <backspace>, <delete>,
<space> or a “-“ character will replace the residue with a
gap — this effectively deletes the residue while retaining
alignments to the left of the deletion.

* Holding down the <option> key and typing a residue will
insert that residue into the read, sliding the entire read
beyond that point one space to the right.

* If you make an edit that results in every read at that
position containing a gap character, the gap gets closed up.
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Choose Edit | Undo Typing. As with most MacVector functions,
there is just a single level of Undo.

Close the contig editor window.

Changes to contigs in the contig editor are considered to be
changes to the project, so you do not get prompted to save those
changes until you try to close the project window, rather than the
contig window.

Choose File | Save. You will be prompted for a suitable
filename.

Saving the Consensus Sequence

You can save the consensus sequence of a contig in MacVector
format at any time.

Double-click on a contig in the project window to open up the
contig editor for that contig.

Choose File | Export.... You will be prompted for a suitable
filename. By default, the file will have an “.axml” extension.
Choose ‘MacVector NA Sequence”.

The file will be saved in MacVector single sequence format. Any
gaps in the consensus sequence will not be present in the saved
file. The locations of the reads ARE written to the file as features,
but this behavior may change in future.

Analyzing Contig Sequences

Contig Assembly Tutorial

A contig editor window is functionally equivalent to any normal
MacVector single sequence window. You can run any nucleic acid
sequence algorithm on the contig — in every case, it is the
ungapped consensus sequence that is analyzed. Any gaps that
appear in the contig editor consensus sequence are there only to
maintain alignment with the overlapping reads. All analysis
functions (along with save and copy functionality) strip out any
gaps before analysis.
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Double-click on the contig in your project window to open the
contig editor if it is not already open.

Choose Analyze | Nucleic Acid Analysis Toolbox. The normal
Nucleic Acid Analysis Toolbox dialog will be displayed.

Select the Open Reading Frames checkbox, then click OK to
initiate the analysis.

In the graphic window that opens, select the first open reading
frame in the “green” frame as shown below (outlined in a pale
blue highlight).

e 06 Contig 1 Nucleic Acid Toolbox Plots
Open Reading Frames: Min. length = 100 codons
f begbertellfeoed [t -H|----l-i-|--E}II‘I“'I‘I~I|I~--II-I--{5I--HHI Ht
Frame +1 I
- | H 1 HIERHHH I
Frame +2 [ ] : 1 2 !
ARG A BB A -
Frame +3

568 1808 1508 2008 2508 3008

With the selection still in place, click on the title bar of the
Contig 1 window (or anywhere in that window). Note that the
consensus sequence is selected.

Choose Analyze | Translation.... The Translation dialog will be
displayed. Make sure the Create new protein checkbox is
selected, then click on the OK button.
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A new protein window will be displayed. The protein sequence is a
translation of the consensus sequence with all of the gaps removed.
The same principle applies to all MacVector analysis functions —
you can run any nucleic acid analysis (e.g. restriction enzyme
analysis, or an online BLAST search) directly from the contig
editor window and it is the ungapped consensus that gets
analyzed. This allows you to get instant feedback on edits affecting
the consensus sequence without requiring clumsy export to a
different analysis module.
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Make sure you have saved the assembly project you are working
on. Many of the functions that dissolve or significantly modify
contigs cannot be undone.

In the assembly project window, select a contig and then either
click the Dissolve toolbar button, press the <delete> key or
choose Edit | Remove Seauence.

The contig will be dissolved into its constituent reads. The project
window updates to indicate the fact that all of the reads that were
in the contig have now been returned to the root of the project.

Note that any edits you made to the individual reads will be
maintained, although all gaps will be removed. It is essential that
the edits be retained as this allows you to edit sequences in a “bad”
contig and then reassemble them taking your edits into account.
This is particularly important when assembling sequences
containing closely related repeats. phrap will not assemble
overlapping sequences that have mismatched edited bases (i.e. that
have quality values of 99) — you can use this to force misassembled
repeats to split by editing the mismatched bases and re-assembling.

Reassembling Contigs

In the assembly project window, select a contig and then choose
Analyze | Assemble (phrap). Accept the default parameters and
click on the OK button.
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You should see that the contig is dissolved and the assembled
sequences temporarily appear in the project window. After
assembly is complete, a new contig will appear in the project
window.

The contig is dissolved prior to reassembly because there is no
guarantee that the contig will reassemble with the same sequences
as before. If you have edited sequences in the contig, or chosen
different phrap parameters, one or more sequences may no longer
assemble.

You can select any combination of contigs and sequences in the
project window to (re)assemble just those items.
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