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MacVector Resources

Tutorials

Videos

Manual

Discussion Forums

You can find these installed in
/Bpplications/MacVector/Documentation/. They are also available
for download;

http://www.macvector.com/downloads.html

http://www.macvector.com/Screencasts/screencasts2.html

There is a downloadable PDF version of the manual (12.6) at

http://www.macvector.com/downloads.html#MacVector12UserGuide

Check out the user forums at;

http://www.macvector.com/phpbb/index.php

Copyright Statement

Copyright MacVector, Inc, 2020. All rights reserved.

This document contains proprietary information of MacVector, Inc and its
licensors. It is their exclusive property. It may not be reproduced or
transmitted, in whole or in part, without written agreement from MacVector,
Inc.

The software described in this document is furnished under a license
agreement, a copy of which is packaged with the software. The software
may not be used or copied except as provided in the license agreement.

MacVector, Inc reserves the right to make changes, without notice, both to
this publication and to the product it describes. Information concerning
products not manufactured or distributed by MacVector, Inc is provided
without warranty or representation of any kind, and MacVector, Inc will not
be liable for any damages.

This version of the getting started workshop was published in Jan 2020.
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Introduction

MacVector 17.5 is the culmination of a series of significant updates to MacVector
over the last eleven years that feature a redesigned tabbed interface, OS X toolbars,
increased interactivity between views, improved sequence and feature editing, an
Auto Annotation function, a new Primer3 based primer design module, a revised
Entrez browser, agarose gel simulation, support for Next Generation Sequencing
data analysis and numerous other enhancements. MacVector is a 64-bit signed and
Apple-notarized application that it is fully compatible with the latest macOS
Mojave (including running in “Dark Mode”) and should be fully supported on all
foreseeable upcoming macOS releases. This document provides a basic overview
of MacVector functionality for new users, in-depth discussions of common
functionality and practical examples of how to use new functionality introduced in
recent versions. Any sequence files used in the examples can be found in
/RApplications/MacVector/Sample Files/ Or
/Applications/MacVector/Tutorial Files/.

Getting Sequences into MacVector

You can open saved sequence files in many different formats, copy sequence data
from other applications and create new documents from the data, or open
sequences directly from Entrez over the Internet.

Importing sequence files

The Starting Point dialog is displayed every time you start MacVector and provides
quick and easy access to sample files and the other folders and files you use most.

To open a MacVector-supplied sample sequence to get you going using the Starting
Point dialog, choose Sample File as the starting point from the list on the left, then
select a sequence from the list of files on the right and click Choose.

You can also open sequence files from the main MacVector menu. To do this,
select File | Open from the menu, browse to the required folder, select the sequence
file from the list, and click Open.

MacVector can automatically identify and open sequence files in all of the major
Text formats (GenBank, EMBL, FastA, GCG), as well as chromatogram (“ABI”)
files and sequence files from many other programs such as VectorNTI, LaserGene,
GeneWorks and DNAStrider.

Creating new sequences

You can also create an entirely new sequence file and paste content into it. To do
this, choose File | New from the menu and select the required sequence type from
the submenu. Then paste valid DNA or protein sequence characters into the new
sequence file.

Alternatively, copy and paste the sequence data to the clipboard first, then select
File | New from Clipboard from the menu.
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Note: You can copy text data containing annotated sequences (e.g. in GenBank or
EMBL format) and MacVector will parse the data and insert a fully annotated
sequence into the target sequence.

Opening sequences from Entrez

You can locate and open complete sequences from the online NCBI databases
directly within MacVector.

Choose Database | Internet Entrez Search... from the menu and then pick the
database you want to search from the Database drop-down menu.

Note: The Protein Sequence Record database for proteins and the Core Nucleotide db
for DNA are recommended and should appear at the top of the list of databases.

Perform a search by choosing a category in the first All Fields drop-down menu,
typing appropriate text in the adjacent text box and clicking Search.

Any matches are listed in the top results panel. Double-click on a result to display
the sequence in a Sequence window on the MacVector desktop.

Note: You can select multiple results and open them all in separate Sequence
windows by clicking To Desktop.

Try this: To find all the ribosomal protein sequences from the organism “Canis”
select the Protein sequence record database, click on the + button to add another
query field and Search using “Search the Field” Organism for canis* And Text Word
for ribosomal.

Working with Sequences in MacVector
Tabbed Interface

When you open a sequence using MacVector you will see a single window with a
set of tabs offering different views of the sequence.

®00 pBR322.nucl — Editor
‘f O 3 A v | wiey A 1 ~ ~
DNA Unlocked Text View Prefs Replica Topology Blocking Voice Verify Display Create Range Features

1 Editor I Map [ Features |

Metly sSerAsnAsn
TTCTCATGTT TGACAGCTTA TCATCGATAA GCTTTAATGC GGTAGTTTAT CACAGTTAAA TTGCTAACGC AGTCAGGCAC CGTGTATGAA ATCTAACAAT

AlaleuIleV alllelLeuGl yThrValThr LeuAspAlaV alGlyIleGl yLeuValMet ProValleuP roGlylLeule uArgAspIle ValHisSerA
GCGCTCATCG TCATCCTCGG CACCGTCACC CTGGATGCTG TAGGCATAGG CTTGGTTATG CCGGTACTGC CGGGCCTCTT GCGGGATATC GTCCATTCCG

spSerTleAl aSerHisTyr GlyValleul euAlaleuTy rAlaleuMet GlnPheLeuC ysAlaProva lLeuGlyAla LeuSerAspA rgPheGlyAr
ACAGCATCGC CAGTCACTAT GGCGTGCTGC TAGCGCTATA TGCGTTGATG CAATTTCTAT GCGCACCCGT TCTCGGAGCA CTGTCCGACC GCTTTGGCCG

gArgProVal LeuleuAlaS erleuleuGl yAlaThrIle AspTyrAlal leMetAlaTh rThrProVal LeuTrpIlel euTyrAlaGl yArgIleval
CCGCCCAGTC CTGCTCGCTT CGCTACTTGG AGCCACTATC GACTACGCGA TCATGGCGAC CACACCCGTC CTGTGGATCC TCTACGCCGG ACGCATCGTG

AlaGlyIleT hrGlyAlaTh rGlyAlaval AlaGlyAlaT yrIleAlaAs pIleThrAsp GlyGluAspA rgAlaArghi sPheGlyleu MetSerAlaC
GCCGGCATCA CCGGCGCCAC AGGTGCGGTT GCTGGCGCCT ATATCGCCGA CATCACCGAT GGGGAAGATC GGGCTCGCCA CTTCGGGCTC ATGAGCGCTT

ysPheGlyVa 1GlyMetval AlaGlyProV alAlaGlyGl yLeulLeuGly AlalleSerL euHisAlaPr oPheLeuAla AlaAlaVallL euAsnGlyle
GTTTCGGCGT GGGTATGGTG GCAGGCCCCG TGGCCGGGEGGE ACTGTTGGGC GCCATCTCCT TGCATGCACC ATTCCTTGCG GCGGCGGTGC TCAACGGCCT

uAsnLeuleu LeuGlyCysP heLeuMetGl nGluSerHis LysGlyGluA rgArgProMe tProLeuArg AlaPheAsnP roValSerSe rPheArgTrp
CAACCTACTA CTGGGCTGCT TCCTAATGCA GGAGTCGCAT AAGGGAGAGC GTCGACCGAT GCCCTTGAGA GCCTTCAACC CAGTCAGCTC CTTCCGGTGG

AlaArgGlyM etThrileVa 1AlaAlaleu MetThrValP hePhelleMe tGlnLeuVal GlyGlnValP roAlaAlale uTrpVallle PheGlyGluA
GCGCGGGGCA TGACTATCGT CGCCGCACTT ATGACTGTCT TCTTTATCAT GCAACTCGTA GGACAGGTGC CGGCAGCGCT CTGGGTCATT TTCGGCGAGG

spArgPheAr gTrpSerAla ThrMetIleG lyleuSerLe uAlaValPhe GlylleLeuH isAlalLeuAl aGlnAlaPhe ValThrGlyP roAlaThrly
ACCGCTTTCG CTGGAGCGCG ACGATGATCG GCCTGTCGCT TGCGGTATTC GGAATCTTGC ACGCCCTCGC TCAAGCCTTC GTCACTGGTC CCGCCACCAA

sArgPheGly GluLysGlnA lallelleAl aGlyMetAla AlaAspAlalL euGlyTyrVa lLeuleuAla PheAlaThrA rgGlyTrpMe tAlaPhePro
ACGTTTCGGC GAGAAGCAGG CCATTATCGC CGGCATGGCG GCCGACGCGC TGGGCTACGT CTTGCTGGCG TTCGCGACGC GAGGCTGGAT GGCCTTCCCC
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The tab bar is color-coded, where pastel red indicates a nucleic acid sequence and
blue indicates protein.

* Editor - this displays the standard editor view of the sequence. You can display
the sequence in single stranded and double stranded forms and also show
translations above and below the sequence.

* Map - this displays the graphical view of the sequence, where features are
displayed graphically according to the settings you have applied for the
sequence. This view also displays a default set of restriction enzyme sites.

* Features - this displays a list of features associated with the sequence using a
modern OS X style list display. The list can be sorted and features can be
edited by simply double-clicking on them.

» Annotations - this displays “annotations” which in MacVector parlance is all the
data associated with a sequence that does not have a defined start and stop
location on the sequence. Like the Features tab, it uses a modern OS X style
list display and you can sort and edit annotations with simple mouse clicks.

You can switch between tabs by holding down the command key and pressing “1”,
“27,“3” or “4” on the keyboard in addition to clicking with the mouse.

The key to understanding the tabbed approach is that although the tabs are each
displaying different data, they are all looking at the same underlying sequence
document. In particular, selections are shared between the views so that if a feature
is selected in the Features tab, the graphical representation of that will be selected in
the Map tab and the corresponding sequence residues will be selected in the Editor
tab. You can explore this in more detail by clicking on the Replica button so that
you can view more than one tab at a time.

The Editor Tab
® 06 pBR322.nucl — Editor
‘f A = U ‘ v ==] - ) L GACCC o 5 1 @ v
DNA Unlocked Text View Prefs Replica Topology Blocking Voice Verify Display Create Range Features

Common Toolbar ltems
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The first six toolbar buttons are common to all of the tabs.

* DNA/RNA - use this button to toggle the molecule between DNA and RNA.
(Protein windows show a non-functional Protein icon).

* Locked - the padlock helps prevent you from inadvertently modifying a sequence
- you are prompted to unlock the sequence if you try to perform a destructive
edit.

106 pBR322

The target document is locked. Do you want to
unlock it?

» You cannot make changes to a locked document. —
:TCA TGT CAG TCA

453
CAT AGG

: ACC GTG . o Cog .
[ Cancel ) & Unlock... } Foe
- T6G 6T

[ GGT TAT 1
T T A it i 755 00

S5
3 CCC AGT CCT GCT CGC TTC GCT ACT TGG AGC CAC TAT CGA CTA CGC GAT CAT GGC GAC CAC ACC CGT CCT GTG
L
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* Text View - this opens a separate window with the "Annotated Sequence" text
view. If you have a selection in the Editor, only the selected region is displayed.

* Prefs - this opens a Preferences Pane dialog, usually set to the Fonts pane.
Clicking on this is equivalent to selecting the MacVector | Preferences... menu
item and switching to the Fonts tab.

* Replica - this opens a second identical window. This is useful if you want to view
e.g. the Editor tab and the Map tab at the same time. You can open as many
sequence windows as you like - changes in one window will be reflected in the
other open windows. The Replica button displays a dropdown menu that lets
you select which tab you want the replica window to open displaying.

* Topology - toggles between linear and circular. This affects certain functions
such as restriction enzyme searching. For example, pBR322 has an Eco RI site
at its origin - in circular mode, the site will be displayed, but in linear mode the
site is considered to be "split" and with half appearing at each end and thus will
not be shown. Sequences must have a circular topology before you can view
them as circular molecules in the Map tab.

Editor Specific Toolbar ltems

* Blocking - this adjusts the "blocking" of the sequence residues to make them
easier to visualize.

* Voice Verify - turns on/off the voice playback. Turn this on to hear each residue
spoken out loud as you type it in.

* Display - with earlier versions of MacVector, this simply toggled the
complementary strand on and off. You can use this to display a 3 or 6 frame
translation underneath the sequence, or to display translations of any CDS
features present on the sequence. The translation uses the currently selected
genetic code and honors the one vs. three-letter amino acid code set in the Text
Display preference pane. The color of the complementary strand can be set
using the Colors preference pane.

MacVector 17 Workshop 8
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® [ ] ' pBR322.nucl — Editor
100

£o 5 7 A Ll .

DNA  Unlocked TextView Prefs Replica Topology Blocking  Voice Verify Ml kel eRICEEIENE

. - v Show Complementary Strand
] Editor I Map [ Features I Annotations 1 Show Plus Strand Translations

Show Minus Strand Translations

TTCTCATGTT TGACAGCTTA TCATCGATAA GCTTTAATGC GGTAGTTTAT CACAGTTAAA TTGCTAACGC AGTCAGGCAC CGTGTATGAA ATCTAACAAT
AAGAGTACAA ACTGTCGAAT AGTAGCTATT CGAAATTACG CCATCAAATA GTGTCAATTT AACGATTGCG TCAGTCCGTG GCACATACTT TAGATTGTTA

|
|

208
AlaleuIleV allleLeuGl yThrValThr LeuAspAlaV alGlyIleGl yleuValMet ProVallLeuP roGlylLeule uArgAsplle ValHisSerA
GCGCTCATCG TCATCCTCGG CACCGTCACC CTGGATGCTG TAGGCATAGG CTTGGTTATG CCGGTACTGC CGGGCCTCTT GCGGGATATC GTCCATTCCG
CGCGAGTAGC AGTAGGAGCC GTGGCAGTGG GACCTACGAC ATCCGTATCC GAACCAATAC GGCCATGACG GCCCGGAGAA CGCCCTATAG CAGGTAAGGC

308
spSerIleAl aSerHisTyr GlyValleul euAlaleuTy rAlaleuMet GlnPhelLeuC ysAlaProVa llLeuGlyAla LeuSerAspA rgPheGlyAr \
ACAGCATCGC CAGTCACTAT GGCGTGCTGC TAGCGCTATA TGCGTTGATG CAATTTCTAT GCGCACCCGT TCTCGGAGCA CTGTCCGACC GCTTTGGCCG
TGTCGTAGCG GTCAGTGATA CCGCACGACG ATCGCGATAT ACGCAACTAC GTTAAAGATA CGCGTGGGCA AGAGCCTCGT GACAGGCTGG CGAAACCGGC

400 |
gArgProval LeuLeuAlaS erlLeuleuGl yAlaThrIle AspTyrAlal leMetAlaTh rThrProVal LeuTrpllelL euTyrAlaGl yArglleVal
CCGCCCAGTC CTGCTCGLTT CGCTACTTGG AGCCACTATC GACTACGCGA TCATGGCGAC CACACCCGTC CTGTGGATCC TCTACGCCGG ACGCATCGTG
GGCGGGTCAG GACGAGCGAA GCGATGAACC TCGGTGATAG CTGATGCGCT AGTACCGCTG GTGTGGGCAG GACACCTAGG AGATGLGGCC TGCGTAGCAC

500 I
AlaGlyIleT hrGlyAlaTh rGlyAlaVal AlaGlyAlaT yrlleAlaAs plleThrAsp GlyGluAspA rgAlaArgHi sPheGlylLeu MetSerAlaC |
GCCGGCATCA CCGGCGCCAC AGGTGCGGTT GCTGGCGCCT ATATCGCCGA CATCACCGAT GGGGAAGATC GGGCTCGCCA CTTCGGGCTC ATGAGCGCTT
CGGCCGTAGT GGCCGLGGTG TCCACGCCAA CGACCGCGGA TATAGCGGCT GTAGTGGCTA CCCCTTCTAG CCCGAGCGGT GAAGCCCGAG TACTCGCGAA |

600
ysPheGlyVa 1GlyMetVal AlaGlyProV alAlaGlyGl ylLeuleuGly AlalleSerL euHisAlaPr oPheLeuAla AlaAlavVall euAsnGlyle |
GTTTCGGCGT GGGTATGGTG GCAGGCCCCG TGGCCGGGGG ACTGTTGGGC GCCATCTCCT TGCATGCACC ATTCCTTGCG GCGGCGGTGC TCAACGGCCT
CAAAMGCCGCA CCCATACCAC CGTCCGGGGC ACCGGCCCCC TGACAACCCG CGGTAGAGGA ACGTACGTGG TAAGGAACGC CGCCGCCACG AGTTGCCGGA

700
uAsnLeuleu LeuGlyCysP heLeuMetGl nGluSerHis LysGlyGluA rgArgProMe tProLeuArg AlaPheAsnP roValSerSe rPheArgTrp
CAACCTACTA CTGGGCTGCT TCCTAATGCA GGAGTCGCAT AAGGGAGAGC GTCGACCGAT GCCCTTGAGA GCCTTCAACC CAGTCAGCTC CTTCCGGTGG |
GTTGGATGAT GACCCGACGA AGGATTACGT CCTCAGCGTA TTCCCTCTCG CAGCTGGCTA CGGGAACTCT CGGAAGTTGG GTCAGTCGAG GAAGGCCACC

1
800 |
AlaArgGlyM etThrIleVa lAlaAlaleu MetThrValP hePhelleMe tGlnLeuVal GlyGlnValP roAlaAlale uTrpVallle PheGlyGluA ]
GCGCGGGGCA TGACTATCGT CGCCGCACTT ATGACTGTCT TCTTTATCAT GCAACTCGTA GGACAGGTGC CGGCAGCGCT CTGGGTCATT TTCGGCGAGG |
CGCGCCCCGT ACTGATAGCA GCGGCGTGAA TACTGACAGA AGAAATAGTA CGTTGAGCAT CCTGTCCACG GCCGTCGCGA GACCCAGTAA AAGCCGCTCC |

* Create - this button opens the Feature editor with the start and stop locations of
the new feature set to the current selection.

* Range - shows the current selection as a range. You can also type into this box to
either jump to a specific location or to select a particular range by separating

numbers with the ":" character. The "Range" text is replaced by the number of
residues selected when a selection is in place.

(=]
O <= 322558 | (3
¥ Topolegy Strands (237 bp)  Features
7 _—

Note: When you type or paste in the range box, it acquires the “focus”, indicated by
a blue focus ring. If you want to then copy the selected sequence, you must
switch the focus to the actual sequence pane. The easiest way to do this is to
press the <esc> or <enter> keys. Any of these will move the focus to the
main sequence editor pane without losing any selection.

* Features - you can click on this to display a popup menu with all of the features
associated with the sequence and choose one to select that region.

MacVector 17 Workshop 9
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[ NN ) # pBR322.nucl — Map
(@) L K . \ < n
.8 @ 0 B B & B
DNA Locked Text View Prefs Replica Topology Graphics RE Picker Digest Ligate 100% Preview Create Edit Delete Range

Editor Map J Features J Annotations

BamHI (375)
NgoMIV (401) 1/4
EcoRI (4359) Nael (403) 1/4
BssSl (4337) 3/3 SgrAl {#10)
Aatll (4288) EcoRV (187) Kasl (41/3) 1/4
Sspl (4170) Hindlll29)  Nhel (229)  Narl (414) 1/4

BssSl (4030) 213 Zral (4286) Afel (234) 1/4 Kas| (434) 2/4

Xmnl (3965) 2/2 R | Fspl (262) 1/4 / Afel (496) 2/4
\ ¢ | | / /oy

Scal (3846) Narl (435) 214" Kasl (548) 3/4

/" Narl (549) 3/4 ,PshAl (716)
&5, /Sph (566) ,NgoMIV (769) 2/4
%,
5, /
"/f,,s Sall (651) /Nael (71) 2/4
?,/ jAtel (777) 3/4
b, /e
= /NgoMIV (929) 3/4
/
Nael (931) 3/4

Bsal (3427) Eagl (939)

Ahdl (3366) Nrul (974)

pBR322

4361bp
Kasl (1205) 4/4

~—Narl (1206) 4/4

<=NgoMIV (1283) 4/4
~Nael (1285) 4/4

Fspl (1358) 2/4
Fspl (1456) 3/4

BssS! (2646) 1/3 kw\t —
Afel (1729) 4/4
Xmnl (2033) 1/2
Sapl (2357) BsmBlI (2116)

Ndel (2296)

The Map tab displays a graphical representation of the sequence, including the
location of common restriction enzyme sites and also (if set in the MacVector |
Preferences | Scan DNA pane) unannotated open reading frames, missing common
features such as antibiotic resistance genes and other plasmid markers and primer
binding sites. The enzymes used for the analysis are controlled by the MacVector |
Preferences | Scan DNA pane. The use of this is discussed in more detail later.

- If you double-click on an enzyme name, all of the enzymes of that name become
selected so you can quickly identify multiple cut sites.

- Unique sites are displayed in a different color to others (the default color is red).

- If you have copied a DNA fragment to the clipboard, any sites that are compatible
with the ends of that fragment are displayed with a pastel red (left end) or green
(right end) background.

- An overview (bottom right in the screenshot) quickly enables you to visualize
your sequence and your position. The size of the overview is controlled by a setting
in the MacVector | Preferences | Map View pane. You can always hide the overview
by clicking in the “-“ button in the top left corner of the overview. Once collapsed,
click on the “+” button in the bottom right corner of the window to show the
overview.

MacVector 17 Workshop 10
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Map Specific Toolbar ltems

* Graphics - this button shows or hides the floating graphics palette. The little
red/green slider reflects the current visibility of the window.

* RE Picker — this button shows or hides the floating Restriction Enzyme Picker
window.

* Digest - this button is enabled whenever two restriction enzyme sites have been
selected. Clicking this will copy the sequence between the two sites to the
clipboard along with the structure of the ends produced by the enzymes. This is
discussed in more detail later.

* Ligate — this is enabled whenever a sequence is present on the clipboard and one
or more restriction enzymes sites have been selected. Clicking on the button
will bring up a ligation dialog that lets you manipulate the ends of the
fragments and/or flip the source fragment before inserting into the target
molecule. Again, this is discussed in more detail later.

* Magnify — this lets you choose a magnification value for the view, using a
dropdown menu.

* Preview — this turns on the display of page outlines so that you can see exactly
how the graphic will be split between pages when sent to the currently selected
printer.

* Create - this invokes the Feature Editor, creating a new feature.

* Edit - this is only active if you have a feature selected. It brings up the Feature
Editor, loaded with the existing details of the feature you have selected. With
MacVector 16 and later, this is a dialog with tabs to edit both the Genbank
representation of the feature (type, qualifier, location, strand etc) and the visual
appearance (Symbol) of the feature.

* Delete - this deletes the selected feature. This physically deletes it from the
underlying sequence document. If you just want to hide a feature from display
use the floating Graphics Palette window to turn it off.

In addition to the default buttons, there are a number of other useful buttons that
can be added using the Customize Toolbar menu.

* Zoom - this toggles between Fit to Window and Zoom to Sequence — essentially
shortcuts to those functions in the floating graphics palette.

* Range - this is identical to the range menu in the Editor tab.

Note: MacVector 11 made a change to the way circular sequences are handled
in the Map tab and in the floating graphics palette. Sequences can now only be
shown as circular if the Topology of the sequence is set to be circular. This
is to prevent users thinking their sequence is being treated as circular in
algorithmic calculations simply because it is being displayed as a circle in the
Map tab. If the circular tab in the floating palette is disabled and you want your
sequence to appear as a circle, press the Topology button so that it forms a
circle.

MacVector 17 Workshop 11
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The Features Tab
eoe # pBR322 — Features (=)
g d B 5 O & /Q i

4, =, :
DNA Unlocked Text View Prefs Replica Topolegy Create Edit  Delete Join

Editor | Map | Features ’_m
Type I Starth Stap  C Description

source 1 4361 forganism=~Cloning m

wvector pBR322
/maol_type=other
DNA
jdb_xref=taxon:
47470
/focus

source 1 1762 forganism=Plasmid
psCl01
fmol_type=other
CNA

misc_binding 27

!

bound_moiety=echi
cin

[/note=promoter P1

promoter 27 33 C

misc_binding 42 !
bound_moiety=echi
cin
promoter 43 49 [note=promoter P2
misc_binding 53 56 !
bound_moiety=echi
nomycin
misc_binding 67 70
bound_moiety=echi
nomycin
misc_binding B0 33 !
bound_moiety=echi
nomycin
gene 86 1276 f/gene=tet
CDs 86 1276 fcodon_start=1
Jdb_xref=Cl: -
208959 +
/gene=tet T
A4

Features Specific Toolbar Items
* Create - creates a new feature using the Feature Editor.
* Edit - only active if a feature is selected.
* Delete - deletes the selected feature(s).

* Join — joins two features together. You can use it to join two or more features to
create a single segmented feature. This is particularly useful for annotating
CDS features on a genomic sequence — you can annotate each exon region
individually using other tools in MacVector, then join them all together at the
end to create a standard GenBank segmented CDS feature.

The Annotations Tab

The Annotations tab displays all of the annotations associated with a sequence that
do not have a specific location on the sequence. This includes such things as
keywords, journal references and general comments.

MacVector 17 Workshop 12
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806 SCU03771 — Annotations (=]
- A . — — T
g ' 37 [a = ¥
DNA Unlocked Text View Prefs Replica Topology Add
[ Editor I Map I Features l Annotations
Type Description
LOCUS SCU03771 6630 bp ss-DNA linear BCT 13-5EP-1994
DEFINITION Streptomyces coelicolor A3(2) aerial mycelium formation gene
cluster (ramA, ramB, and ramR) genes, complete cds.
ACCESSION uo377l
VERSION U03771.1 Gl:432991
KEYWORDS .
¥ SOURCE Streptomyces coelicolor A3(2)
ORGANISM Streptomyces coelicolor A3(2)

Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales;
Streptomycineae; Streptomycetaceae; Streptomyces.

¥ REFERENCE 1 (bases 1 to 6630)

AUTHORS Ma.H. and Kendall K.

TITLE Cloning and analysis of a gene cluster from Streptomyces coelicolor
that causes accelerated aerial mycelium formation in Streptomyces
lividans

JOURMAL J. Bacteriol. 176 (12), 3800-3811 (1994)

PUBMED 8206859
¥ REFERENCE 2 (pases 1 to 6630)

AUTHORS Kendall.K..

TITLE Direct Submission

JOURMAL Submitted {29-NOV-1993) Kendall K.)., Tulane University, Cell and
Molecular Bieleqy, 2000 Percival Stern, New Orleans, LA 70118, USA

BASE COUNT 763 A 2482 C 2514 C B871T 0OTHER

Annotations Specific Toolbar Items

PubMed Links

MacVector 17 Workshop

* Add - creates a new annotation using the new Annotation Editor.
* Edit - only active if an annotation is selected.

* Delete - deletes the selected annotation(s).

Functional PubMed (formerly MedLine) links are shown in blue underlined text to
note that they can be clicked on. If you click on one of these, MacVector will
retrieve the corresponding abstract from the NCBI PubMed service and display it in
a separate window. Note that prior to version 13 this required a double-click, not
just a single click. MacVector formats these using a typical journal abstract
appearance.

8086 PMID 8206859

0021-9193, 1994, p. 3600-3611

Cloning and analysis of a gene cluster from Streptomyces
coelicolor that causes accelerated aerial mycelium formation in

Streptomyces lividans.
Ma, H. & Kendall, K.
Department of Cell and Molecular Biology, Tulane University, New Orleans, Louisiana 70118,

We describe the cloning and analysis of two overlapping DNA fragments from Streptomyces coelicolor that
cause aerial mycelium o appear more rapidly than usual when introduced into Streptomyces lividans on a
low-copy-number plasmid vector. Colonies of 8. lividans TKG4 harbaoring either clone produce visible
aerial mycelia after only 48 h of growth, rather than the usual 72 1o 96 h. From deletion and sequence
analysis, this rapid aerial mycelium (Ram) phenotype appears 1o be due 1o a cluster of three genes that we
have designated ramA, ramB, and ramR. Both ramA and ramB potentially encode 65-kDa proteins with
homology to ATP-dependent membrane-translocating proteins. A chromosomal ramB disruption mutant af
S. lividans was found to be severely defective in aerial mycelium formation. ramR could encode a 21-kDa
protein with significant homalogy to the UhpA subset of bacterial two-component response regulator
proteins. The overall organization and potential proteins encoded by the cloned DNA suggest that this is
the S. coelicolor homolog of the amf gene cluster that has been shown 10 be important for aerial mycelium
formation in Streptomyces griseus. However, despite the fact that the two regions probably have identical
functions, there is relatively poor homology between the two gene clusters at the DNA sequence level.
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Medline Subject Headings:
“ATP-Binding Cassette Transporters
Amino Acid Sequence
Bacterial Proteinsgenetics
Base Sequence
Carrier Proteins/*genetics
Cloning, Malecular
DNA Mutational Analysis
DNA-Binding Proteins*genetics
Genes, Bacterial™genetics A
Membrane Proteins/*genetics
*Membrane Transport Proteins
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You can use File | Export Tab Contents As... to save abstracts in Rich Text Format
(RTF).

Understanding the File Menu

Because of the many different file types and data types supported by MacVector,
the File menu has a number of important extra items;

New »

New from Starting Point... 43N
New from Clipboard ~{r 3N
Open... *0
Open Recent >

Close Window EW
Save 3#ES

Save As... 48S

Export...

Import Features...

Export Tab Contents As...

Page Setup... 3P
Print... #EP

New — displays a sub-menu with each of the MacVector document types e.g.
Nucleic Acid Sequence, Protein Sequence or Agarose Gel.

New From Starting Point... - opens the Starting Point dialog where you can keep
shortcuts to mall your favorite folders.

New From Clipboard — parses the current data on the clipboard (also known as a
“pasteboard” in Apple parlance) and creates a new document containing that data.
The function will parse text data on the clipboard and if it conforms to GenBank or
EMBL formatted data, will add the appropriate features and annotations to the
sequence.

Open Recent — displays a sub-menu letting you quickly open documents you have
recently worked on.

Close Window — equivalent to clicking the red Close button. Will prompt to save if
the document is dirty. Hold down the <option> key to close ALL open windows.

Save — this simply saves the document in the default MacVector format. If the
document is untitled and has never been saved before, you will be prompted for a
new name. It doesn’t matter which tab is currently active, this always saves the
entire sequence document.

Save As... - this lets you save the document in the default MacVector format, but
under a different name. The original document on disk is unchanged.

Export... - use this to save the sequence data in a non-MacVector format.
Depending on the document type (DNA, Protein, Alignment, Assembly etc) there
may be many format options that can be selected from a popup menu in the Save
dialog.
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Import Features — use this to add features from a GFF, GTR or BED file. Note it
is very important that the data you are adding uses the same co-ordinate system as
the sequence you are annotating!

Export Consensus As... — when working with alignments of any type, this lets
you specifically save the consensus of that alignment.

Export Selected Contigs To... - used in Assembler — saves the consensus
sequences of the selected contigs to a fasta or fastq file.

Export Selected Reads To... - from an Align to Reference or Contig Editor, this
lets you export selected reads in fasta or fastq file format.

Export Selected Reads as SCF Chromatograms To... - from an Align fo
Reference or Contig Editor tab, this lets you export selected ABI/chromatogram
sequences in the Staden Chromatogram Format, complete with edits and any
quality data that has been added.

Export Tab Contents As... - this exports the data displayed in the currently
selected tab in a format appropriate for the displayed data. So, the Map tab can be
exported in a variety of graphics formats, the Features and Annotations tabs can be
export in comma separated values (.csv) and tab separated values (.tsv) suitable for
importing into MS Excel and plain text views can be exported in a variety of text
formats.

Analyzing Sequences

Analysis Tools Toolbar

MacVector provides a large number of functions for analyzing DNA and protein
sequences. Most of the analysis functions are accessed through the Analyze menu
items, though there are also a few under the Database menu. All of these can also
be accessed from the floating toolbar that runs across the top of the screen.

" @ MacVector File Edit Options Analyze Database Window Help G 2 M = 4) @& 98% Thul
FORg w @ & o - . B = = 3 e
RE Search NA Subseq. ORFs Base Comp. NA Toolbox Translate Transcript Matrix Align to Ref. Primer Align to Folder Auto-Annotate BLAST Entrez
Users who are comfortable with the traditional menu-based analysis functions may

wish to hide the toolbar — this can be done by choosing Window | Hide Analyses
Tools.

The default toolbar contains both DNA and Protein analysis functions. Most of the
buttons directly correspond to items in the Analyze menu. The buttons to the right
correspond to functions in the Database menu. The buttons become enabled and
disabled exactly as the menu items do, so functions like Restriction Enzyme
searching (RE Search) and Translation (Translate) are only available if you have a
nucleic acid sequence window currently active. Clicking a button is functionally
identical to selecting the corresponding item from the appropriate menu.

Analysis Workflow Overview
Most MacVector analysis functions use a standard workflow;

(a) Make sure the sequence you want to analyze is the front-most window
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(b) Select the analysis function from the Analysis Tools toolbar or from the
Analyze menu.

(c) A setup dialog appears letting you assign the parameters to be used in the
analysis

(d) The algorithm runs and then a “filter” dialog appears, letting you choose
which outputs you would like to see and optionally apply filters that that
only a subset of the results is displayed.

(e) Result windows are then opened, which you can typically interact with.
When a result window is active, you can choose the analysis menu item (or
toolbar button) again and the filter dialog will reappear, letting you change
the data you want to be displayed.

Performing a Restriction Enzyme Analysis

To illustrate a typical analysis workflow, we will perform a Restriction Enzyme
Analysis on one of the MacVector sample sequences.

Open /Applications/MacVector/Sample Files/pBR322.nucl.
Choose Analyze | Restriction Enzyme...
The setup dialog appears;

File

New England Biolabs.renz — MacVector 12.5 3

{ Open ( Choose...

Options

Search using: = All Enzymes

ar

Min  Max
@With number of cuts 1 5

"I Search for one-out sites
Region

1 to 4361 =)

F arm—
[ Cancel )

For this analysis, we’ll Search using All Enzymes, but select the checkbox to restrict
the number of cuts to between 1 and 5. After clicking OK the analysis runs and very
quickly the filter dialog appears;

Filter Options Display Options

Min Max ELisl cutters by
1By number of cuts 1 5 | Name 5
| By site size 4 12
E List non-cutters
By end structure: E E Show restriction map

[ With no cuts in 1 to 4361 ¥ Show annotated sequence
- E Show fragment predictions
|_I'With cuts only in 1 to 4361 r

Single e

Phase: | Any o
212 matches found from 1 to 4361 in pBR322. (cancel ) (C ok )
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The Display Options section controls the result tabs that will appear. For this
example we will display all, but take particular notice of the Restriction Map
window;

806 ¥

i7) g Beelen
BarBl (4207) Kagl (413)
. Bt (
8a0GI (4037)  BamAl (4203) Bbsi (4344) Nart (414)
i X (3965) BcoDI (4203) EcoRtl (4359) / B | (489) hatv
bt i I (3965 ;w'azo: :u (4359 [Mmel (222] //z o‘:o) 524 Pl (8400
as92) cudee \ e |Gaao | Mwgzm  shm e g
aal . ol 1 (229 i (415) Beg! (5
= OON o ‘u‘:a'o?’ s“: 4‘;7ﬁ 4 c"p ;; i g o123:) ) K B\'Flas:) v s
8121 (3556 meke 9;’ ‘ﬁd" . ) {,"‘ { o (e s f." )/ /) xasi (548) ,8onet (674)
Asel (3538) 2 a‘;s:i 05) E.,; G.:“ 254'2'” :’f" s \’“E.( 35)7 / Nart (548) //Bsawi (693)
Apall | (4288) / A -
ImeAs (3515) :‘ l Apsi “‘ i’{’ Aat ‘4 o o / /{.3;" ;,55’ /jvinci (653)Ngom (76
Eci (3503) \ . EL ’:“ ¢ 0"37 Sl .f’. e g/';p.;“” :,‘."f‘ )7/Sto1 (50) // Begl (697), Bpmi (83
vl ( moAl - i (47 -
5o (3489) vl (3845) \\ BssSi (4030) meAll (96)Brel (299) /Bani (a78) 4 iewes 020 T o 7
Bpmi (3436) \3(5“3756:5:9 (3871), [Afel (496) Soni (566)7/ Bbst (730) Acll (301)
B: N J7 /p7 8 24
DI (3427) N Bis! (3766). \ / //W‘F“,/&gmm NgoMIV (829)
N & %, 9
BsmAl G420\ N\ vl (37300 ’ﬁ/ < (et Nael (771 Vet (931)
ammzn\\ \ fg @/7 Afel (777)8gh (935)
N 7/ B
seadl (3427)NQNN, ' Y a0 (939)
8me (3406) NN 8 BseYl (949)
Ahd! (3366) N4 Nrul (974)
Plet (3355 BstAM (1051)
Miyt (3355) A " BsoM (1054)
BluAl (1054
pBR322 ¢
Ors (3251) 4361bp 8smFl (1098)
Oral (3232) - NmeAs (1148)
8fal (3221) BeeAl (1167)
BspHl (3193) 1 > 28gi (1169)
Acul (3021) A\ ? F /N5t (1369); Kast (1205)
BeeAl (2975) X PAm (1370) Nart (1206)
Bfal (2968) 1603\ ool (13213 Shot (32071
Stel (2929) Sfel (2738)
Am(zaam/ Mmel (2688) J
Mrmel (2872, 4 (
M':'z:a] Y eacey /o) Ty 8
5 Iyzs‘s )"/ asaw (2679) Wiyl (2367) 0% Nspl (1820)
h ‘Wf ZE:L 3civi (2676) Ndel (2296) | 'Bpml (2002)
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Click just inside the red tetracycline resistance gene, hold down the mouse and drag
around the circle. An arc appears showing you the selected region. When you let
go, the Map refreshes and is “zoomed in” to the region you selected;

800  pBRI22 Cut Site Map

-
Sfol (436)
Nari (435) Eco01081 (524)
Kas! (434) Bigl (528)
Sfol (415) | kast (548)  Bcens (610)
Nart (414) | Nari (549) EcoNI (626)
Kasi (413)  BspHi(489) | Sfol (550) Piel (640)
SgrAl (410), Banll (489) | BsmFl (552) Acdl (852)
Nast (403) | Banh(475) || Sohi(566) | Miyi(641) Bsaw (693)
Mmel (309) NooMeV (401) Atel (496) || Nspl (566) Sall (651) Beg! (697)
Fspl (262) Bamia (379)|| 1 | | inci (653) Psnal (716)
Afel (234) Bl (299) | | tetracchee resistance gens 8mel (520) B (674) 8bs! (730)
Bl 233) [ [ Bgl (731)
Y
&
.
B

[0 200%

Not only does the Map view now display the zoomed region, but all of the other
result windows refresh to show just the restriction sites present in the selected
region;
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806 # pBR322 Enzyme Cutters (]
Sequence: pBR322 Range: 231 to 738

Enzyme #Cuts Positions

Accl 2 652
Afel 4 234 496

BamH1 1 375

Banll 2 475 489

BbsI 3 738

BeeAl 3 518

Begl 3 597

Begl 3 731

BmrI H 299 520 574
BmtI 1 233

BsawWI 5 593

BsmFI 4 552

BspHI 4 489

Brgl 2 528

EcoNI 1 626

Eco01091 4 524

Fspl 4 262

HincII 2 653

KasI 4 413 434 548
M1yl 4 541

HMmel 4 309

Nael 4 403

Narl 4 414 435 549
NgeMIV 4 401

NspI 4 566

Plel 4 649

PshAl 1 716

sall 1 651

sfel 4 415 436 559
Sgral 1 419

sphl 1 566

Double-click in the Restriction Map window and the results will reset to the full
range. You can also use the Up and Down arrow keys to increase or decrease the
zoom level by two-fold increments. When zoomed in to a region, you can also use
the Left and Right arrow keys to nudge the zoomed region to the left or right on the
sequence.

Now choose Analyze | Restriction Enzyme once again with the Restriction Map
window front most. The filter dialog reappears. Select the By number of cuts
checkbox and change the range to Min =1 and Max = 2 and click OK. All the result
windows refresh to display the new subset of result data;

fano + pBR322 Cut Site Map

pBR322
4361bp

(@] 100% )

If you want to start the entire Restriction Enzyme analysis again from scratch, bring
the original pBR322 window to the front and choose Analyze | Restriction Enzyme...
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DNA Analysis Functions

Restriction Enzyme — this provides more in-depth analysis of sequences for
restriction sites than the simple overview seen in the sequence Map tab. You can
filter results based on number of cuts, type of overhang produced, size of site or
even search for one-out sites. MacVector comes supplied with all the known
restriction enzymes broken out by supplier, so if you primarily use just New
England Biolabs enzymes for example, you can just search with enzymes in their
catalog.

Nucleic Acid Subsequence — this lets you search sequences for short
subsequences, such as transcription factor binding sites, promoter consensus
sequences or even a database of your own primers. The search is extremely flexible
— subsequences can have up to 3 parts with varying sized regions between gaps and
you can define the number of mismatches permitted in the search for each
individual part of each subsequence.

Open Reading Frames — you can scan a sequence for open reading frames,
specifying the minimum length you want reported and even the genetic code to use.

Nucleic Acid Analysis Toolbox — this is a collection of different algorithms
primarily aimed at helping you identify protein coding open reading frames. As
well as displaying possible open reading frames on each strand, there are
algorithms that plot skewed base composition and codon usage analysis. You can
zoom in to the plots to evaluate which open reading frames correspond to likely
protein coding regions.

Base Composition — as well as a basic ACGT count, these algorithms list
molecular weight and plot melting temperature, A/C/G/T content across the
sequence and occurrence of di- and tri-nucleotides.

Primer Database Search — similar to the NA Subsequence Search but tuned for
primer searches. By default this uses the primers defined in Primer
Database.nsub, but you can edit that file or supply your own. Understands tails
on primers and mismatches within the primer binding sites.

Primer Design/Test (Pairs) — This uses the popular Primer3 3:d party algorithm
that scans target DNA to find pairs of primers suitable for PCR. You can lock one
or both primers in position and find a matching internal primer for use in real-time
PCR. The results a presented in both graphical and tabular form, letting you
interact with them to easily copy any predicted products to save and/or insert into
other vectors.

Quicktest Primer (Individual) — this displays a floating dialog where you can
paste/type primer sequences and get instant feedback on potential hairpin loops,
melting temperature etc. The interactive display lets you nudge primers along a
sequence, add mismatches and tails and even see the effects of mutations on open
reading frames and restriction enzyme recognition sequences.

Find Sequencing Primers/Probes — similar to the PCR Primer Pairs, but finds just
one primer using conditions more suited to sequencing or hybridization
experiments.

Test Sequencing Primer/Probe — tests a single primer, showing potential binding
sites and potential structural problems.
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Translation — lets you translate one or more segments of a DNA molecule,
creating a new protein sequence and/or displaying the codon usage for the
translation.

Generate Transcript — you can use this to create a new RNA sequence from one
or more segments of a DNA sequence. In particular, the interface lets you take
advantage of existing features on the DNA, such as CDS features, RNA features,
introns and exons to create a correctly spliced mRNA.

Create Dotplot | Pustell DNA Matrix — this performs a pair-wise comparison
between two DNA sequences (or even for a single sequence against itself) and
displays the alignment graphically as a dot-plot and also as text. You can zoom in
the graphical window to focus in on individual aligned segments.

Align Multiple Sequences Using — lets you align multiple DNA sequences using
the ClustalW, T-Coffee or Muscle algorithms. Note that none of these algorithms will
“flip” DNA sequences to get the optimum alignment. If you think you need that
functionality, you should probably be looking at the Align to Reference or Assembler
features.

Align to Reference — this lets you align one or more DNA sequences against a
reference sequence. The sample “Read” sequences can be “ABI” trace files, which
will be displayed graphically in the window. The alignment WILL “flip” sequences
to maintain better alignments and has full editing and display functionality aimed at
identifying mismatches between the Reads and the reference. You can also use
Align to Reference to align cDNA clones against a genomic sequence, where the
algorithm will also take canonical splice site donor and acceptor sequence into
account when determining the intron/exon boundaries. You can also use this to
align large NGS datasets to a reference with the caveat that currently the reads are
loaded into a memory. For a 16 GB RAM laptop, this practically limits you to ~2
million MiSeq reads or ~5 million HiSeq reads.

Align to Folder — scans a hierarchy of folders on your hard drive for sequences (in
any format that MacVector can read) that match the sample sequence. You can
even scan NGS data files (e.g. in fastq format) and retrieve matching hits into a
separate fastq file, or even a pair of files if your original data was paired-end reads.

Database | Auto Annotation — if you have a sequence that has little or no existing
annotation, you can use this function to automatically annotate known features on
the sequence. You simply point the algorithm at a folder on your hard drive and it
scans every sequence looking for features that match regions on the sample
sequence. For features that match, it not only annotates the sequence, but also
copies the graphical appearance, so you can use this to make sure that all your
common genes have a consistent appearance.

Database | Internet BLAST Search — performs an online BLAST search against
the databases at the NCBI.

Cloning Tools

MacVector has a number of different interfaces where you can generate new
annotated DNA sequences by replicating workflows you might perform in the lab
using restriction enzymes, Gateway cloning, Gibson or Ligase Independent
assembly or other approaches.
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Copy and Paste

The simplest approach to creating new constructs using restriction enzymes is to
<shift>-select restriction enzymes in the Map tab of a source molecule and

May 2019

choose Edit | Copy to copy that sequence (plus its annotations and the structure of

its ends) to the clipboard. You can then switch to a target molecule, select a
matching restriction enzyme(s) site there and use Edit | Paste to paste the insert.

Because MacVector is “sticky-end” aware, it will not let you paste a fragment into

a vector with incompatible ends, though it will let you fill or cut-back the ends if

required;

Source Sequence Ends

Flip

. Cut . Cut
° Keep Fill Bk ° Keep Fill el

AATTCCCOTT e T T GGG G
GGGCAA™ — AACCCCTTAA

Target Sequence Ends

CCTGTG GATCCTCCTG

((GGACACCTAG GAGGAC))

. Cut . Cut
° Keep Fill Bk ° Keep Fill el

Problems

The sequence ends are not compatible.

Ligate Anyway Cancel

Cloning Clipboard

Rather than use File | Copy, you can use File | Digest (or use the Digest button on the

toolbar) to copy a fragment onto MacVector’s own Cloning Clipboard. This is a

separate window that collects all your recent digested fragments and lets you join

them together using a simple drag and drop interface;

MacVector 17 Workshop
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[ JON ) Cloning Clipboard

Hindlll E‘agII‘(QSOOI) xmnl (6304) 172

FITNCTII | o o ||| |
‘ Y

tetracycline resistance gene  ROP protein beta-lactamase gene”
il L )

7 7
Sapl (6718) ‘ Pstl (7972)\atll (8...

13317 to 16089 of GalCosmid
TXmal (13921) 4/6 AndI (15703) /4 Rtil (16755) /6 BstxI (1...
NI
Xmnl (15865)
/

Nl |
SgrAl (12471) 1/5
SCE66.12|

Miul (14871)
s

11776 to 17960 of GalCosmid

? Options... Circularize Remove All Remove

In this case, you always get a ligation dialog, so you can confirm that the ends are
exactly as you would want them;

Sequence Ends

. Cut . Cut
o Keep Fill Back ° Keep Fill Back
— 1 1 GGGG AATTCTCATG
AACCCCTTAA GAGTACT
Cancel Ligate

This approach has the advantage that you can assemble multiple fragments (e.g. for
Gateway clonings) and many users feel more comfortable being able to view the
exact steps taken to create a new construct.

Gibson and Ligase Independent Assembly

MacVector also has an interface to enable to you design and/or document Gibson
and LIC assembly experiments. The interface is similar to the popular “NEBuilder”
online design tool but is highly interactive, allowing you to drag fragments from
other windows in MacVector, add spacer sequences, or your own custom primers
and even see the effect of your changes on CDS features at the junctions of the
fragments.

MacVector 17 Workshop 22



MacVector 17 Workshop May 2019

[ NN ) Untitled — Fragments
bos ql | A N v e 27 )
e A @ - o TR, Q
Gibson Unlocked Prefs Replica Add LIC Vector Add Fragment Assemble Filter

1 Fragments f Primers

pUC1T9R Smal Flip
IacZaIgha AmpR lacZalpha.
Regenerate Smal Site p ori Regenerate Smal Site
No primer No primer
(20nt overlap with galK) (20nt overlap with galK)
Tm = 67.8°C galk Flip Tm = 68.3°C
Ta =68.6°C Ta =68.7°C
GC =73.7% o GC =778%
Ln = 41nt ! Ln = 38nt
5'-gtcgactctagaggatccccGGATGGGCGAGGCTGTCGCGG-3"
Automatic Primer Automatic Primer
3'-CGCGCCGCGGACCAGACTcccatggctcgagettaagt-5"
(20nt overlap with pUC19R Smal) (20nt overlap with pUC19R Smal)

R Right Junction
(20nt overlap with pUC19R Smal)
pUC19R Smal galk

galK-fwd (Tm = 67.8°C)
5'-gtcgactctagaggatccccGGATGGGCGAGGCTGTCGCGG-3" (19nt binding)
.roSerLeuHisAlaCysArgSerThrLeuGluAspProArgMetGlyGluAlaValAlaGlyThrValGlyGluArgP..
..CAAGCTTGCATGCCTGCAGgtcgactctagaggatccccGGATGGGCGAGGCTGTCGCGGGAACCGTCGGCGAGCGGT...
.GTTCGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGGCCTACCCGCTCCGACAGCGCCCTTGGCAGCCGCTCGCCA...

Aligning Sequences Overview

MacVector offers a number of different approaches for aligning sequences, each
tailored to a different molecular biological problem. Most of the functions are
applicable to both DNA and protein and some can even compare DNA with protein
using the currently selected genetic code.

Internet BLAST — use this to scan your sequence against online databases at the
NCBI to find known sequences that are most closely related and show each of
those sequences aligned to yours.

Align to Folder — similar to BLAST, but this aligns your test sequence to
sequences already saved on your hard drive (or accessible over a local network).
This is an incredibly powerful tool as it can find matching sequences in large fasta
or fastq files and allow you to retrieve them for further analysis.

Pustell Matrix (Dot Plot) — this compares two sequences using a graphical “dot-
plot” approach along with a text alignment of the most significant matching
segments. It can also be used to compare a sequence to itself to identify direct and
inverted repeat regions. This is the best approach for getting an overall view of the
relationship between two sequences as it can show duplications, rearrangements
and also very weak similarity between two sequences that can be hard to identify
by looking just at text alignments.

Align to Reference — this is an important alignment function in MacVector for
comparing one or more sample DNA sequences against a known reference
sequence. As it can directly handle and display chromatogram data (“ABI” files)
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and automatically “flip” source sequences to match the reference it is ideal for re-
sequencing applications such as sequence confirmation, mutagenesis analysis or
simply comparing clones or related sequences to a reference. There is also a mode
that can align cDNA clones to a genome, taking splice sites into account. This can
also handle NGS fasta or fastq files, though there are some limitations regarding
RAM usage with very large data files.

Multiple Sequence Alignment — this feature lets you align two or more sequences
without requiring a reference. Tuned for protein sequences, but also applicable to
DNA, alignments can be generated automatically using the popular ClustalW, T-
Coffee and Muscle algorithms. The generated alignments can be edited and
displayed in many ways and submitted to additional phylogenetic reconstruction
algorithms to help determine the relationship between sequences.

Sequence Assembly — finally, with the use of the optional Assembler module, you
can assemble multiple “Read” sequences into a single consensus sequence using
the popular phred, phrap and cross_match algorithms. Assembler can also align
many millions of “next generation sequencing” reads against one or more genome
sequences using the fast Bowtie algorithm, or create de novo assemblies using either
Velvet or SPAdes.

The Multiple Sequence Alignment Window

Like the single sequence windows described above, the multiple sequence

alignment window also uses a tabbed interface. Open the file
/MacVector/Sample Files/mtDNA Genomes - DNA.msan

e0e i1 Mammalian mtDNA genomes - DNA.msan — Editor
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The Editor tab provides the only editable view of multiple sequence alignments.
You can cut/copy/paste and perform a variety of editing functions in this tab. All of
the other tabs provide read-only views of the alignment, but they do update in
response to edits in the Editor tab. In the same way that the different tabs in the
single sequence window are just different views of the same underlying data object,
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the views in the multiple sequence alignment window are just different formatted
views of the same underlying multiple alignment data.

Editor Tab

* DNA/RNA - use this button to toggle the molecule between DNA and RNA.
(Protein windows show a non-functional Protein icon).

* Locked - the padlock helps prevent you from inadvertently modifying a
sequence - you are prompted to unlock the sequence if you try to perform a
destructive edit.

* Mode - this lets you turn on/off the consensus line, and also lets you toggle the
display of DNA sequences between DNA, virtualAA and DNA+virtual DNA.
When the virtual AA residues are shown, all alignment algorithms take place
on the translations of the DNA sequence, rather than on the DNA itself. This
lets you align DNA sequences based on their amino acid translations;

ece , ramR Unaligned.msan — Editor
b4 4 == Ao = ACGT —
£ O |nIr' v =" ? My = g FTTTTTCTI = -] b

DNA Unlocked Mode  AddSeqs  Align  Phylogeny Consensus Prefs Replica  Blocking  Dots  Line Wrap

1 Editor J’ Text J’ Pairwise I Matrix Jf Picture [ Guide Tree [ Profile

Position Mask
S. coelicolor ramR |n|6-n|u-1 [alv]v [s{a[c]v]
ATGGGEGAGATGGTTCETATTGCCGTGETGCACGACGAGAAGCTEETGCGGTCGGCACTEGETGLAA
S.ividansrami [ - [ - [ [n [v I 1 [A[v]v S A ]v]
ATGGTTCGTATTGCCGTGGTGEACGACGAGAAGCTECTGEGETCGGCACTGETGLAA
omsewamm | [T o [T v T [v IS - [+ T8 [+ [

--------- ATGACTACCGTGCTGCTGGTCCACACCGTGLCGTTGTGGCGLEGLGTCGCTEELGTCG

SE DENN 2 DEDD  GDEOE

,,,,,,,,, ATGATTCGCGTCTTGCTCGCLGAGGACATGGEGATEGTGCGAGGGGLGCTEGGTGLCG

consensus [ [ 7] [l ] W CTer]

Position Mask

. coelicolor ramR [ 5 ] T v[s]s ]t [~ ]

CTGCTCAGATCCGACGACACGCTGEACGTETCCTCGCACTGCCTCGACGCCGACGGTCCGGAGLTG

S. lividans ramR [ 5 | o . v [5]s oL [ s ]

CTGCTCAGATCCGACGACACGCTGGACGTETCCTCGCACTGCCTCGACGCCGACGETCCEGAGETE

S. griseus amiR |L|L‘G|T|G-C|lTla-ElAlI-A‘AlLl

CTCCTCGGCACGGGGCGGGGCATAGACGTCCGCACCGCCGAACACGGGGCGATACGCGCCGCGLTE

TeENIinn o 0 Eonononn oS on
CTGATGGAGATGGAGCAGGATCTCAGTGTCGTGGCGCAGGTGGCCGACGGG---CGCGAGGTCCTC
—

* Align — use this to automatically align the sequences using the ClustalW, Muscle
or T-Coffee algorithms.

* Phylogeny — invokes the built-in MacVector phylogenetic reconstruction
functionality.

* Consensus - this reviews the results from the last time an alignment algorithm
was run and lets you quickly create a consensus sequence in a separate
window.

* Prefs — opens the multiple sequence alignment document preferences dialog,
giving you control over many aspects of the multiple sequence alignment
display, including how the consensus is calculated and the fonts and layout of
many of the tab contents.

* Replica - as with the single sequence window, this creates a second window so
you can look at different tabs of an alignment at the same time.

* Add Seqs — lets you choose disk files to add more sequences to the alignment.
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Text Tab

Pairwise Tab

Matrix Tab

Picture Tab

* Blocking - this adjusts the "blocking" of the sequence residues to make them
easier to visualize.

* Dots — substitutes a dot wherever a residue in a sequence matches the consensus.
* Line Wrap — toggles between linear and line-wrapped modes,

* Groups — lets you edit the colors used in the display. You can choose different
groups to color e.g. by chemical type, charge, propensity to form beta sheets
or by consensus similarity etc.

* Width — lets you control the cell width.

This displays the plain text view of the alignment. The format is essentially
identical to the raw ClustalW output, except it honors the font, line length,
consensus calculation parameters and match characters in the MacVector
preferences setting.
SRS XS] Prions (=]
& O ¥ W=

Protein  Locked Align Phylogeny Views Prefs Replica

Text l Pairwise ] Matrix ] Picture Cuide Tree

ClustalW (v1.83) multiple segquence alignment

12 Sequences Aligned Alignment Score = 8
Gaps Inserted = 48 Conserved Identities = 185

Pairwise Alignment Mode: Slow

Pairwise Alignrent Parareters
Open Gap Penalty = 18.8  Extend Gap Penalty = 8.1
Similarity Matrix: gennet

Multiple Alignment Parameters
Open Gap Penalty = 18.8 Extend Gap Penalty = 8.1
Delay Divergent = 48% Gap Distance = 8
Similarity Matrix: gennet

Frocessing time: 18.4 secands

NGHT MNKY 1 - MLVLFVATWSDLGLCKKRPKPGG -WHTGGSRYPGOSSPGCN 48
oW 1 MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGECN 58
GOAT 1 MVKSHIGSWILVLFVANWSDVGLCKKRPKPGGGWNTGESRYPGOGSPGEN 58
CRN MNKY 1 - -MANLGCWMLVWFVATWSDLGLCKKRPKPGG - WHTGGSRYPGQCSPGCN 47
CORILLA 1 --MANLGCWMLVLFVATWSDLGLCKKRPKPGG-WNTGGSRYPGQGSPGECN 47
HURAN 1 --MANLGCWMLVLFVATWSDLGLCKKRPKPGG-WHTGGSRYPGOGSPGEN 47
MOUSE 1 - -MANLCYWLLALFVTMWTDVCLCKKRPKPGE -WNTCCSRYPGQGSPCCN 47

PIC 1 MVKSHIGCWILVLFVAAWSDICLCKKRPKPCCCWNTCLSRYPCQLSPCCN 58
ORANGUTAN 1 --MANLGCWHLVLFVATWSNLGLCKKRPKPGG-WHTGGSRYPGOGSPGEN 47
SHEEP 1 MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQCSPGEN 58
SQRL MNKY 1 --MANLGCWMLVLFVATWSDLGLCKKRPKPGG-WNTGGSRYPGQGSPGECN 47

KuDU GSRYPGOGSPGEN 58
NGHT HNKY .
oW 92
GOAT 92
GRN MNKY 88
GORILLA a8
HUMAN a8
HOUSE a7
PIG a2 .
ORANGUTAN g --GHG WGOPHGGGWGOPHGGGWGOPHG-GE 88
SHEEP 51 RYPPOGGG-------- GHEOPHEGGHEOPHECGHGOPHEGERGOPHEGEE 92 b

This displays all combination of sequences aligned against each other as pair-wise
alignments.

This shows the % similarity and % identity of each sequence to every other
sequence in the alignment, displayed as a matrix.

This displays a graphical view of the alignment, tuned for printing on black and
white laser printers. If you want to save the image to a disk file, you should choose
File | Export Tab Contents As..., a variation of File | Save that lets you save the data
displayed in the tab view, rather than the underlying multiple sequence alignment
document. This works for the text based tabs as well, Alternatively, you can either
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choose File | Print and then click on the Save as PDF option or choose Edit | Copy
and then use the Apple utility Preview.app to create a new document from the
clipboard (in Preview, choose File | New from Clipboard and then save that document
to a disk file).

Guide Tree Tab

Profile Tab

Interactions

This displays the guide tree used by ClustalWw to choose the order in which it
assembles the multiple alignment after the pairwise alignment phase.

The Profile tab displays the frequency of occurrence of each residue at each position
in the alignment. Although primarily designed to simply display the information
along with the consensus sequence, the text is in 7ransfac format, so you can save
this information (using File | Export Tab Contents As...) and use it in other
applications (including the MacVector Nucleic Acid Toolbox in the case of DNA
sequences).
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The data in the various tabs are updated essentially in real time. The data in each
tab is refreshed whenever the tab is activated after the underlying alignment has
been edited. To see this, click on Replica and set one window to the Editor tab and
the second window to the Text tab. In the Editor tab, delete some of the residues
from one of the sequences. Nothing should happen to the text in the second
window. Now click on that window. The window activates and the Text tab is
refreshed to reflect the change to the sequence. The same will happen to most of
the other tabs.

The reason for the delay is purely to avoid performance problems with large
alignments. Because some of the text views can take some time to be refreshed, if
they were updated every time you typed a character, updating the windows could
be extremely slow, preventing you from being able to easily edit the alignment.
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This approach ensures the views are only updated when you are ready to look at
them.

Additional Algorithms

In addition to Clustalw, MacVector also supports the popular Muscle and T-
Coffee algorithms. You can invoke the different algorithms either by choosing
Analyze | Align Multiple Sequences Using | <algorithm name> menu item, or by
clicking and holding on the Align toolbar button and selecting the algorithm from
the resulting popup menu. MacVector remembers the last algorithm you ran, so if
you prefer to always run Muscle for example, after running it once simply clicking
on the Align button will always start the Muscle algorithm.

Sequence Assembly Overview

MacVector has an Assembly module that must be purchased separately from the
main application. The module is tightly integrated into MacVector such that they
appear as a single application. To determine if you have Assembler, choose
MacVector | About MacVector... and a dialog will open;

i /WM/%?/

with ffﬂﬂ

version 17.0.4 (38)

This copy licensed to:

Kevin

Serial# 39999-02

Products Licensed: MacVector with Assembler
Expiration Date: Perpetual

Maintenance Ends: May 8, 2020

License Type: Standard License

© 2019 MacVector, Inc. All rights reserved.

Software for Scientists

If the dialog shows that the product is “MacVector with Assembler” then the
Assembler module is active.

There is a simple Contig Assembly Tutorial.pdf document that introduces
the basic functionality of the Assembler module. You can find this in the
/MacVector/Documentation/ folder.

Protein Analysis

Translation

Protein sequences can be imported into MacVector using the same approaches used
for DNA (from existing files in a wide variety of formats, direct typing/pasting into
a new protein sequence document, or by downloading from Entrez) or they can be
created by translation of an existing MacVector DNA sequence.

There are three primary ways of setting up a translation. Each uses the same
Analyze | Translation... menu item.
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)] Select a region of a target sequence that you want to translate (typically by
clicking on a result object from one of the Open Reading Frame analysis
functions, or by clicking on a CDS feature in the Map tab) then choose
Analyze | Translation... The translation dialog will be filled out with the
selection.

(i1) Type in your own region(s) to translate in the dialog box.

(ii1) Select a CDS feature from the Append to Segments popup menu that
displays all the sequence features.

Try this: Open the sequence /MacVector/Tutorial Files/Align To
Reference/CFTR/CFTR.nucl. This is the genomic region containing the human
cystic fibrosis transmembrane regulator gene. Switch to the Map tab and click on
one of the CFTR segments — you should see that all (26) segments become
highlighted. Choose Analyze | Translation... and in the following dialog box should
appear;

Analysis Options

Segment(s) to translate: Append to segments: @_

133/185; 24291/24401; 29072/29180; 50937/51152; 54314/54403;
55286/55440; 56586/56711; 60138/60384; 62054/62146;
68679/68861; 79502/79693; 107777/107871; 110391/110477;
111972/112695; 114968/115096; 122864/122901; 123570/123820; +
126712/126791; 130557/130707; 131610/131846; 134651/134751; ¥

Genetic code: | universal

Phase: | 1 % Strand:  Plus ]

™ New Protein Name: Translation of CFTR

ar| [ar

Display Options

"I Display Codon Usage Table for "Segments to translate”
" Display annotated sequence with translation...

as specified in "Segment(s) to translate"
as specified region: Mumber of frames: &

Region to Display: 1 to 188703 =)

(Cancel ) [ OK
Cancel oK )

Note that the Segment(s) to translate edit box gets pre-filled with the locations of all
of the exons described by the CDS feature. Make sure the New Protein checkbox is
select and click OK to generate the translated protein.

Protein Analysis Functions

Protein sequences can be analyzed using the identical workflows to DNA
sequences, with most of the functionality being accessible through the Analyze
menu.

Reverse Translation — this lets you create a DNA sequence by reverse translation
from a protein sequence. There are a variety of options to control how the codons
are chosen so that you can find the least ambiguous DNA sequence for use in
probes or primers, or generate a sequence for optimal expression in a specific host.

Proteolytic Enzyme — the direct equivalent of the Restriction Enzyme analysis for
DNA, this lets you find potential proteolytic cleavage sites in a protein.

Protein Subsequence — the equivalent of the Nucleic Acid Subsequence analysis,
you can use this to find a variety of different protein motifs a number of data files
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are shipped with MacVector in the /Subsequences/ folder, including Long
Prot Motifs, Short Prot Motifs, protein patterns and protein
subsequence.

Protein Analysis Toolbox — this is a collection of algorithms that generate profile
plots displaying the likely hydrophobic, hydrophilic, antigenic and secondary
structure regions of the protein. There is also a text output listing the amino acid
composition of the protein, pl and a variety of other information such as molecular
weight and absorbance.

Try This: If you still have the CFTR translation window open, invoke Analyze |
Protein Analysis Toolbox... and select all of the Plot options (hold down the
<option> key and click in an empty checkbox to toggle all the selections to “on”
When you click OK, a result window will appear. If you scroll down this you’ll see
some of the hydrophobic plots quite clearly show the 8 transmembrane segments of
the CFTR protein;

®00 Translation of CFTR Protein Toolbox Plot
o oy oo o TEPE e

Manavalan hydrophobicity:  Window = 15
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v

Pustell Protein Matrix — a dot-plot showing similarity between two proteins or
repeat regions within a single protein.

BLAST Internet Search — directly equivalent to the DNA function for identifying
matches in the online NCBI databases.

Internet InterProScan Search — this contacts the popular online InterProScan
server and runs a search to identify all of the functional domains in your protein
sequence.

Getting The Most Out of MacVector
Setting the Numbering Origin

MacVector has always had the ability to set the numbering origin to a residue
within the sequence by clicking on and dragging the small red cross that usually
appears at the beginning of the sequence.
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| Editor [—

|'ITE TCATETT TCACAGCTTA

ATCTAACAAT CCGCTCATCE

GCGGGATATC GTCCATTCCE

Dragging the cross to another location designates that as the “plus 1” residue — all
residues before that position will be given negative numbers.

You can also set the first residue to a positive number. To set this, double-click on
the red cross and enter a new start value in the sheet that appears.

# pBR322 — Editor

e

~ Prefs Replij Origin: 10001 Btrands Cre
|
TCATCGATAA GO ACGC AGTCA

TCATCCTCGE CACCGTCACC CTGCATGCTE TAGGCATAGG CTTCGTTATG CCGET

ACAGCATCGC CAGTCACTAT GGCGTGCTGC TAGCGCTATA TGCGTTGATG CAATT

This is particularly useful if you want to work on a smaller more manageable
region of a large chromosome but wish to retain the original numbering. To help
with this, if you copy a section of a larger sequence and paste the copy into a new
MacVector sequence window, the original numbering is retained. For example,
using pBR322 click on the Features popup menu and select the tetracycline
resistance CDS;

=
1to 4361: ALL

86 to 1276: gene=tet; codon_start=1; trans...
1915 to 2106: codon_start=1; transl_table=11...
3293 to 4153(C): gene=bla; E-286; codon_start=1...

1
conflict >
gene >
mat_peptide >
misc_binding >

This selects the region from 86 to 1276 in the editor. Now choose Edit | Copy,
followed by File | New from Clipboard. A new window appears with the numbering
origin set to 86. (You can also accomplish this by choosing File | New | Nucleic Acid
and then Edit | Paste into the new window).

eo0e Untitled — Editor o
5 1 e = ; o oL —_—

g I 7 [h]lHg B —80 M = & & ),
DNA Unlocked Text View Prefs Replica Topology 'E*I'i'){:lljrlllg Voice Verify Strands Create Range Features

[ eaior [T Wap | Feaures | Annotations |

(B6) 175
ATCGAMATCTA ACAATGCGLT CATCGTCATC CTCEGCACCE TCACCCTGGA TGCTGTAGGC ATAGGCTTGE TTATGCCGET ACTGCCGGGC
265
CTCTTGCGEE ATATCGTCCA TTCCGACAGD ATCGCCAGTC ACTATGGCET GCTGCTAGCE CTATATCLGT TCATGCAATT TCTATGCGCA
355
CCCGTTCTCG GAGCACTETC CGACCGCTTT GGCOGCCGCC CAGTCCTGCT CGCTTCGCTA CTTGGAGCCA CTATCGACTA CGLGATCATG
445

GCGACCACAL CCGTCOTETE GATCCTCTAC GOCGGACGCA TCGTGGCCGE CATCACCCGGD GUCACAGGTG CGGTTGCTCE EEEETATATE
GCCCACATCA CCGATGGGGA AGATCGGGCT CGCCACTTCG GGCTCATGAG CGCTTGTTTC GGOGTGGGTA TGGTGGLAGE LLLLhIhi_fi_
GLECEACTGT TGEGCGCCAT CTCOTTGCAT GCACCATTCC TTGCGGCGEC GETCCTCAAD GCCCTCAACC TACTACTGCE ETEETTEI?i;
ATGCAGGAGT CGCATAAGEE AGAGCCTCGA CCCATGCCCT TCAGAGCCTT CAACCCAGTC AGCTCCTTCC GETGGGCGCE EEEEATE;E;:

885
ATCCTCGCCG CACTTATGAC TETCTTCTTT ATCATCCAAC TCCTAGCACA GCTGCCGGCA CCCOTCTGRG TCATTTTCGE CCAGGACCEC
895
TTTCGCTGGA GCGCGACGAT GATCGGCCTG TCGCTTGCGE TATTCGGAAT CTTGCACGCC CTCGCTCAAG CCTTCETCAC TGETCCCGLC
085
ACCAAACETT TCCGGCGAGAA GCAGGCCATT ATCGCCGGCA TGGCEGOCGA CCLGCTGGGC TACGTCTTGC TEGLCGTTCGC GACGLGAGEC

AL
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If you want to quickly reset the origin to “1”, you can right-click (or <ctrl>-click )
in the sequence area to bring up a context sensitive menu and choose Reset Origin
to1;

Create Feature
Set Origin

frr mmneme e e
a

{

t

| Reset Origin to 1

Setting the Circular Origin

If you are working with a circular sequence, then you can change the location
where the sequence is “split” in the editor. This also changes the Map tab so that the
new position is located at 12 o’clock. Again, locate the flashing caret at the desired
location, right-click in the sequence area and now choose Set Circular Origin from
the popup menu. In the Map tab, you can select a restriction enzyme site and right-
click to choose Set Circular Origin.

Coloring in the Editor

You can color interesting regions of a sequence. The simplest way to do this is the
highlight a region of the sequence, then choose Edit | Transformations | Color: and
choose a color from the menu;

I Enable Mixed Case Entry |-

T Make Lower Case [ TE

¢ Make Upper Case LT
Color:

A 1c

'Green" CAC

WCGACAGAA CCTAAMAAAG CAATTCAATT A

The selected sequence is then colored appropriately;

GA TTACATTGAA TTTAGCAATT TACAACGACA AACGCTCTT
CG CTGCACAGAA AGTTTTAAAA GAGATACGTA AAGATGTAG

TA GAGCAACATG GCATGCATGT CGATATCATA TTAGATGCA

Behind the scenes, this actually creates a feature that will also show up in the Map
tab (see below). When this color mode is enabled, any visible feature will be
displayed using its “Fill” color in the Editor tab. You can control this behavior using
the MacVector | Preferences | Colors pane which lets you turn on the coloring for all
sequences and also choose between coloring the background or coloring the
sequence residues.

Mixed Case Entry In The Editor

You can view and edit sequences using lower case as well as the traditional upper
case. You can change the case of any selected residues using Edit | Transformations
| Make Lower Case. If you want to type in new residues in mixed case, choose Edit |
Transformations | Enable Mixed Case Entry. Changing the case of the residues does
not affect any MacVector algorithms (e.g. gaattc, GaAtTC and GAATTC are all
recognized as EcoRI sites), but the case is displayed in all text output windows so
that you can quickly identify your region(s) of interest in those results.
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Toolbar Customization

In any MacVector window you can either right-click or <ctrl>-click in the toolbar
area to bring up the standard OS X toolbar customization dialog. You can use this
feature to remove buttons you don’t use or to add other buttons such as the Print
button or any of the analysis functions. Each tab has its own toolbar layout, so you
can customize each tab independently.

06 ¥ pBR322 — Editor =) >
% 4 J L} . O S m e 123 =), -
DNA Unlocked Text View Prefs Replica Topology Blocking  Voice Verify Strands Create Range Features >

Drag your favorite items into the toolbar...

= o 2
= = ™ Q@ B o o ¥ &
Align to Folder Align to Ref. Auto-Annotate Base Comp. BLAST Blocking Jstatw Create DNA Matrix DNA
- S [ 2 1 0
(4 &, X X [ 8 3 & vy, e
Entrez Features Find Primer Pair  Find Seq. Primer Unlocked Matrix NA Subseq. NA Toolbox New Open ORFs
& ) -
S 8 = =l 92223 < 4
.4 = £ E=0, el - S S
Prefs Primer Primer3 t. & DNA Matrix Range RE Search Replica Save Strands Test Primer Pair Test Seq. Primer
o - ~ <y -
o - - 0 it P9 > = A =

Text View Topology Transcript Translate Translations  Vector NTI Import Voice Verify Customize Flexible Space Fonts. Print Separator

Space

.. or drag the default set.
P i =4 i k“:‘L, U a— m e o [:g'

DNA Unlocked Text View Prefs Replica Topology Blocking Voice Verify Strands Create Range Features

Show [Icon&Text %) @ Use Small Size ( Done )

Customizing the Analysis Toolbar

You can control which buttons appear in the Analysis Tools toolbar, as well as the
size of the toolbar and even the order the buttons appear using the standard OS X
toolbar customization interface. First, make sure that you have no other
MacVector windows open. If you have a window open, that will be used as the
target of the customization as the OS considers that to be the active window. Now
right-click on the toolbar (or <ctrl>-click if you do not have a right-clickable
mouse) and a popup menu will appear.

Icon Only
Text Only

v Use Small Size

Customize Toolbar...

This lets you control how the buttons appear in the toolbar. If you click on the
Customize Toolbar option a dialog sheet appears;
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Drag your favorite items into the toolbar...
Entrez Mau New Open
o
— )
Prime:
&5 i % = =
Vector NTI Import Customize Flexible Space print
Separator Space
.. or drag the default set.
G imms e
Matrix Primer Entrez
Show | lcon & Text  [%) @ Use Small Size ( Done )

You can see that there are many more buttons available than we use in the default
set. Some of the default buttons (e.g. the Primer and Matrix buttons) display a popup
menu letting you choose which analysis function you want to use. However, you
can add individual buttons for each function if you wish. If you use Primer3 a lot,
you might want to add that to the toolbar. There are also buttons for many of the
functions in the File and Edit menus (New, Open, Save, Print, Cut, Copy, Paste, Digest,
Ligate) and also for the Phylogenetic Analysis sub menu (Focus, Reroot etc).
Assembler users also have the Phred, Phrap, CrossMatch and Bowtie tools as options.

Simply drag the appropriate icons onto (or off) the toolbar until you have it as you
want. You can also add separators and space icons to help you organize the toolbar.

When finished, simply click Done and the toolbar will take on your new
customizations.

Customizing Sequence Window Toolbars

The analysis buttons can also be added to the sequence window toolbars if you

want to have ready access to one-click analyses. Open a nucleic acid sequence and
right click on the toolbar;

Drag your favorite items into the toolbar...

7~ ; [ S— 2 2 &=
> > =) y ’ =
Align to Folder Align to Ref. Auto-Annotate Base Comp. BLAST Blocking Create DNA Matrix DNA
~ 5 S 0
: S — o &2 32
(G ), % 5 (= £ 2 > . 4 beb)
Entrez Features Find Primer Pair Find Seq. Primer Locked Matrix NA Subseq NA Toolbox New Open ORFs
& = ol

8 = 3 3 ] octo =8 o 2

Prefs Primer Primer3 Range RE Search Replica Save Strands Test Primer Pair Test Seq. Primer
-
] 0 ; - A = A —
7 > B il “ e —
Text View Topology Transcript Translate Translations Vector NTI Import Voice Verify Customize Flexible Space Fonts Print Separator
Space
.. or drag the default set.
- .

04 = O e .
% = a i, U £ K2l
DNA Locked TextView Prefs Replica Topology Blocking  Voice Verify Strands Create Range Features

Show | Icon & Text  ['#] ¥ Use Small Size ( Dpone )

This time, only the analysis icons relevant for nucleic acid sequences are shown.
There are also additional icons that are applicable only to the actual tab you have
selected (e.g. the Range and Voice Verify icons for the sequence Editor tab). You
could for example change the Editor tab toolbar from the the default;

'_;b-f (== i I, U v x{ e = 1 I
DMA  Locked Text View Prefs Replica Topology 'dl'é-lclkl.ljrll:; Voice Verify Strands Create Range Features
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To something like this if you like to do a lot of editing and analysis;

-

BEELE . & - £ 52 i 1 L
; = 3 SRR ¢ &,

[ — ]

DNA Strands Create Save Print RE Search MA Tooclbox ORFs Primer3 Range Features

Note that each tab maintains its own unique toolbar. Some functions are available
only in certain tabs and you will typically be doing different operations in different
tabs so you can customize the toolbars to most closely match your workflows.

Using Replica Windows

You can click on the Replica icon on the toolbar of any sequence window to display
a new window that shows an independent view of the same sequence. The windows
are interactive, so that changes in one window are reflected in the other(s). To get a
good feel for this interactivity, try the exercise below;

Choose File | New | Nucleic Acid to create a new DNA window. Switch to the Editor
tab and type in a few residues. Now click on the Replica button to create a second
window. In that window, click on the Replica button again. Repeat until you have
four windows. Now select a different tab in each window and arrange them so that
you can see each window clearly. Try to make them look something like this;

" @ MacVector File Edit Options Analyze Database Window Help Z 4) (%1 100%  Sun 10:50:23 PM_ Kevin Kendall #
ICEE Untitled 7 =) )|
o N = 3 9, | 2
N Unlocksd Toxtview Pofs Repica  Hacking Vol Verty Tossogy Surancs Tange  Featares | DNAIRNA. Lslcked Toxt View Prefs Repla  Add
|

2
onare

s i
[ was | remses | Ammoutions |
GCT AGC TAG CTA 0CT AGC TAG Cdl

Note that you can choose which tab you want a replica window to open with by
selecting the name of the tab in the drop down menu that appears when you click
on the Replica button;

P

i A — X

i Prefs Replica Voice Wer

Map Editor Annota

TCATCGA TAT CALY
Features

CACCGTCA e TAGG CTTI
Annotations
GELGTECT GATE CAAT

CGCTACTTGG AGCCACTATC GACTACGCGA TCAT

With the Editor tab window front most, continue typing in the window. Note how
the Annotations tab window updates the Base Count in real time. Type the sequence
"GAATTC" in the Editor tab window - note how the Map tab refreshes to show an
Eco RI restriction enzyme site as you type the final "C" in the sequence.

Type a few more random residues, then type the sequence "GGATCC" - a Bam HI
site should be shown in the Map tab window.
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Select a few (10-20 or so) residues in the Editor tab window using the mouse.
Switch to the Map tab window - you will see that the selected region is now shown

highlighted;
e Untitled — Map (=]
& =, —
DNA Unlocked Text View Prefs Replica Topology Create

EcoRl (42) BamHl (87)

Untitled

0 100% =

Lets create a new feature from this selection. Click on the Create toolbar button.
The Feature Editor opens;
Feature Editor

Feature Keyword: CDS

[4]

Location:

| Start &1 Stop CenBank
13 39 13.38
+ Operation: Jain ﬂ
__| Complementary
Location in GenBank Format:
join(13..39)

Qualifiers | Free-Form

| Qualifier A| Comments

(" Cancel ) oK)

Note how the Start and Stop location of the selection are already filled out for you
in the Location list. We'll look at the use of the Feature Editor in more detail later, but
for now, choose cDs from the Feature Keyword drop down menu, then click the OK
button.

A new blue arrow appears in the Map tab window, showing the location of the new
feature you created;
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[S NG XS] Untitled — Map
£ ) 5, B E,
DNA Unlocked Text View Prefs Replica Topology Digest Ligate Create Edit Delete

e T

Untitled

EcoRl (42)

0 100% =

The Feature tab window also shows the new feature;

ece Untitled — Features

i . s —
i = = il
] s i | — =
DMA  Unlocked Text View Prefs Replica Topeology Create Edit Delete

[ Editor I Map Features Annatations

Type Startd Stop C Description
CcDs 29 65

May 2019

Now go back to the Editor tab window. Click near the beginning of the sequence to
position the flashing insertion cursor before the start of the feature you created.
Type a few random DNA residues. Note how the Map tab window and the Features
tab window dynamically update and the new feature moves to the right as you type.
MacVector always maintains the correct positions of features whenever you cut,

paste or type into a sequence.

The Floating Graphics Palette

Whenever a Map view is active in the front most MacVector window, a floating
Graphics Palette window appears. (If this is not displayed, choose Window | Show

Graphics Palette to make it visible).

0.6 Graphics Palette
Linear
Residues per inch * | 337.8
Radius in | inches + | 2

AC | 2] (A7) (*a”
GT)J [es) ) &7

Range: | 1:4245 v]

Edit Filter

» Features

» Results
Ruler
Sequence
Title

AN
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You can use this to turn on and off sequence, features and results objects in the Map
display using the lower tree view. However, there is a lot of additional functionality
controlled by the palette, which had a significant makeover for MacVector 12.0.

Linear/Circular — the tabs at the top let you toggle the Map between linear and
circular views of the sequence. The circular option is disabled if the underlying
sequence does not have circular topology.

Residues per inch/Line wrap — this section controls the scale of the Map and how
“wide” a line is.

Qﬂ%&"&&"

AC
GT) le—s) £S5

&

A row of 4 buttons provides “quick layout” functionality:

Zoom to Sequence — this adjusts the Residues per Inch so that individual sequence
residues are visible. It does this without affecting the current zoomed section.

Fit to Window — adjusts the Residues per Inch and Line Wrap so that the current
zoomed section fits in the current window.

Fit to Page — adjusts the Residues per Inch and Line Wrap so that the current zoomed
section fits in the current printed page.

Fit Residues — similar to Zoom to Sequence, but this resets the zooming so that the
entire sequence is displayed.

Range: ' 1:4245 (v

The range section lets you zoom to display a specific section by typing in the box
or selecting a feature from the popup features menu.

Left Arrow/Right Arrow — these let you “nudge” the zoomed section to either
side. You can also use the left/right keyboard arrow keys. For unzoomed circular
sequences, these will rotate the graphic on screen.

Home — if you ever get “lost” in a sequence, this will center the sequence on the
screen.

Reset zoom — restores the display to show the full sequence. Equivalent to a
double-click in a blank area of the Map.

Zoom In/Zoom Out — this pair of buttons zooms in and out of the sequence in
two-fold increments. You can also use the up/down keyboard arrow keys.

B r—|rnsn !
s [1AC 3
PRI 1~ F IS (7.4
I..E.I'L_’.l AL P, 3 '{b /’

There is a row of six “mode” buttons that controls what happens when you click
and drag with the mouse in the Map window.
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Select Zoom - this is the default and the mode used by older versions of MacVector —
you can click on features or sites to select them and if you click, hold and drag, the
display resets to “zoom in” to the segment you selected.

Select Features — clicking and dragging selects all the features or sites that are
touched by the selection rectangle.

Select Sequence — clicking and dragging selects just the sequence touched by the
selection rectangle.

Magnify — in this mode a click magnifies the display 2-fold. Hold down the
<option> key to reduce the magnification 2-fold.

Slide — this mode lets you drag the current zoomed region to the left or right. You can
also use this to rotate circular sequences so that any arbitrary location is set to the 12
o’clock position.

Copy Feature Appearance - this mode is only available if you have one or more
features selected. Once selected, if you then click on a different feature, all the selected
features will change appearance to match that feature

The Floating RE Picker

By default, there is floating window that displays all of the restriction enzymes
available and lets you control which are displayed in the Map tab. It is only
displayed when the Map tab is selected. You can quickly show/hide the window
using the RE Picker toolbar item;

PDR3ZLL.TNUCI

&% R
A

>s RE Picker D

Whenever a DNA sequence is opened, MacVector automatically scans ALL of the
restriction enzymes in the default file (set in the MacVector | Preferences Scan DNA
tab) against the sequence, even if they are not selected in the source file. The RE
Picker thus knows how many sites each enzyme has in the target sequence and
provides controls to let you filter the displayed sites based on a number of

parameters;
RE Picker
Filter File
O—O Cuts: >=1and <= 8
e ] Sz Ay #Z Common Enzymes.renz ]
End structure: | Any [T Set Enzyme File...
Reset Filters Save current set of Enzymes...

? Select All Deselect All Defaults
Aatll Accl Acll Afel Afll Apall
Apol Asel Aval Avall Avall-DCM BamHI
Banll Bfal Bme1580I Bmtl Bpu10l BsaAl

BsaBl BsaBIl-DAM BsaHI Bsal BsaJl BsaWl|
BseYI BsiEl BsiHKAI Bsml BsoBI BspDl
BspEl BspEIl-DAM BspHI BsrBI BsrFl BssKI-DCM
BssSI BstAPI BstNI BstYl BstZ171 Btgl

Clal Ddel Dral Eael Eael-DCM Eagl
Eco0109! Eco0109I-D 3 EcoRI EcoRV Fspl Hincll

94 Enzymes match criteria with 22 selected. 268 locations match these enzymes.
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The Filter section lets you adjust the list based on the number of cuts in the target
molecule (including non-cutters), the size of the site, or the end type of the cut. The
File section lets you change the source file used for the analysis and even lets you
save the currently displayed set of enzymes into a new file. In all cases, only the
selected enzymes are actually displayed in the Map view.

Searching Sequences and Features

MacVector has a Find dialog that lets you search not only the residues in a sequence
but also the features associated with a sequence. Lets look at a few examples;

Searching Sequence Residues

Open the file /Applications/MacVector/Sample Files/Human
Mitochondrial Genome. Select the Editor tab, then choose Edit | Find. The new
Find dialog opens set to the Sequence tab.

.YeVe Find

[ Feature | Sequence | Results |

Find: |

Replace: .

)3

kS Search from: | 5' End (Top Strand) |5 ]

[ Literal Strand: | Plus + | Phase: | All H

' Wrap Around

If you've used the Find function in previous versions of MacVector, this should be
very familiar to you. You can search for matches in the sequence in a variety of
ways. The default is to use the [UPAC codes to search for matching residues, so the
sequence AGY will find AGT or AGC. If you actually want to find the sequence
AGY, then select the Literal checkbox. The remaining parameters are fairly obvious,
except for the little DNA icon button.

%

MacVector allows you to not only search DNA with a DNA sequence, but it also
lets you search DNA with a Protein sequence. This button lets you tell MacVector
what sort of sequence you are using in the search. To see it working, type ATG into

the Find edit box;

Find: ATG

Replace: [

i) Se

Now click on the DNA button - it changes to a Protein icon and the Find text
changes from ATG to M.

Find: M

Replace: [
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Click on the Find button in the dialog - you will see the first ATG in the Human
Mitochondrial Genome sequence highlight in the background. Clicking on Find Next
will move to the next ATG in the sequence. This works for any amino acid - the
search uses the currently selected Genetic Code which can be changed if necessary
using Options | Modify Genetic Codes.

The same approach works in reverse so you can search Protein sequences for
matches to DNA residues.

Searching Features

You can search for matching text within the features associated with a sequence.

Simple Search

Switch to the Map tab of Human Mitochondrial Genome. Select Edit | Find. The Find
dialog will be brought to the foreground with the Features tab selected;

enon Find
{ Feature | Sequence Results
Find: NADH -l
Feature: Any j
Qualifier: Any L]
"1 Only search in currently selected features
(Al ) (Previous ] [ Next )

Type NADH into the Find edit box and then click All. This finds and then selects all

features of any type that contain the text "NADH". The Map tab will update to show
all of the features selected that contain the text "NADH";

®eoo6 Human mitochondrial genome o
(= = i) =l /7 @
DNA/RNA Locked Text View Prefs Replica Add Feature Edit Delete

Editor Map l Features ' Annotations |
part oy

[\ Sphl (1854)
egion
- m
EcoRl (3545)
£/ Apal (3855)
|
; =
| : -
EcoRV (12297) -
EcoRl (12064)
3 52 £ 691
Hindlll (11994) // S EcoRI (4698
A X % & Pacl (5065)
Bell (11345) WO
‘o\ o z Hindlll (5627)
Hindll (11104) " 4
‘"\p > 0’\" K 8K &
W/ i g
Y, St Q a EcoRV (6160)
g oS o
Mg O C:Q - Pstl (6338) U
8
Xbal

Xbal (9680) ATPasATPas®
Sacl (3071

Apal (8693)

Pstl (8448)

0/ 100% 2]

Once selected, you can double-click on one of the selected features and change the
appearance of all of the features at one time;
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Symbols for Human mitochondrial genome

Features }—:j Appearance
»CDS -
v gene Style:

[ Hollow Arrow

72:1025 125 rANA
1095:2653 165 rANA
273113687 NADH1
38544537 NADH2
5328:6863 GOI

7010:7633 COIl Label

EFILL: Color: ot
™ PEN: Color: ~ Thickness: 0.5pt | 3]

Pattern

7790:7596 ATPase 8
7451:8631 ATPase 6
B631:3413 GOl
548313827 NADHS
585410150 NADHAL
10184111560 NADH4
1176113572 NADHS.
G 13573114087 NADHSE:

14171:15310 cy1B Position

™ Show label: Mixed

Font: Lucida Sans Italic 9.0 pt

Color: ik
Set

Orientation:

Above Center | 3] Horizontal [7])

b mise_feature
- mANA
b rep_origin

W visible

Level: On Sequence B:

b source

b tANA ( Defaults )

(Appw) (Cance}) ﬁ

After clicking OK, the Map tab will update to change all of the selected features to

the new settings.

Advanced Search

You can search within a subset of the features by defining the feature type and/or
qualifier type to be used in the search. Lets illustrate this with the sequence
pBR322 (again, you can find this in the MacVector/Sample Files/ folder).
Flip to the Features tab and open the Find dialog. We'll look for a specific
translation product in one of the CDs features so type MSIQ in the Find box (this is
the translated protein sequence we are going to search for) then select the CDS
feature type and the /translation qualifier.

—[—Feztme—( Sequence

Results

1

Find: MSIQ

Feature: CDS

Qualifier: [translation

EEE

" Only search in currently selected features

(Al

) (Previous) ( Next )

Click on All - just one feature gets selected in the Features tab, but you should see
that it has a /translation qualifier that starts with the sequence "MSIQ".

0066 pBR322

& B [ =

DNA/RNA Locked Text View Prefs Replica = Add feature Edi

@

Delete

o

[edor | Wap | reaures | Amiomations |

Type I stana Stop  C

3148
3148

4361
3185

repeat_region
repeat_region

mat_peptide C
sig_peptide c
RBS c
promoter c
misc_binding 4268 4271 C
misc_binding 4280 4283 c
misc_bindina 4285 4288 C
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Description

Jcitation="(16]" =

Jreplace="t"

/note = revision accordina to [161;

/note = transposon=Tn3

/rot_type="inverted"

/note = corresponds to one of the 38bp repeats
(bp 1-38 and complement

/db_xrefw"G1:455370"

/product="beta-lactamase”
/protein_id="AAB59737.1"

/

translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVKV

IELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRVDAG
RRIHYSQNDLVE

YSPVTEKHL
GPKELTAFLHNMGDHVTRL
DRWEPELNEAIPNDERDT TMPAAMATTLRKLLTGELLTL
ASRQQLIDWMEADKVAGPL
LRSALPAGWFIADKSGAGERGSRGIIAALGPDGKPSRIVVI
YTTGSQATMDERNRQIA EIGASLIKHW®

AANLLLTTIC

/note = promoter P3 [6]
/bound_molety="echinomycin® -
/bound_moiety="echinomycin®
/bound_moiety="echinomycin®
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The Find dialog also lets you select matching features one at a time using the Next
and Previous buttons. In addition, you can build up complex queries slowly by only
searching within those features that are already selected.

The Trace (“Chromatogram”) Window

Trace Tab

The Trace Editor window is very similar to the regular sequence window except that
the Editor tab now has been replaced with the Trace tab.

[ O ) ‘& AO4a.scf — Editor
(™ - 2 oLl TS
gf = 4 ﬁ M = A — . & v
DNA Locked TextView Prefs Replica Width Fit to... Channels Basecalls Qualities Range Features
1 Editor J Map J Features J Annotations [ Raw Data
— >

10 20 30 40 50
A AC GT CCT TGAACGTTACGT TTTCGTTCCATTGGCCCTCAAACCCCATTATT

Eg “‘I‘M ‘AA “ b 1‘1 ,.‘l |

Most of the toolbar buttons have direct equivalents in the single sequence Editor tab.
The only exceptions are the Width, Channels, Basecalls and Qualities buttons. The
Width slider lets you widen or compress the traces so you can more closely examine
adjacent peaks or zoom out for a better view of a larger section of the trace. The
Channels button has a drop down menu that lets you toggle the different channels
on and off. Basecalls and Qualities are only available if you have the optional
Assembler module installed. These will display the base calls and quality values
associated with the trace if they were present in the source file.

Note that there is also a Raw Data tab. This lists a variety of numerical information
about the trace data, including areas under the curve for each called residue and a
rough estimate of the likelihood that peaks might represent heterozygotes.

[ BN AO4a — Raw Data
£ 8 - F A

DNA Locked TextView Prefs Replica

Editor l Map | Features ] Annotations l Raw Data

Chromatogram Raw Data report for A®4a

Indx Base Qual PeakPos Tot.Area A area (A%) C area (C%) G area (G%) T area (T%) 15% mix  25% mix 35% mix 45% mix
1. N ] ] 25 24 96.0 1 4.0 ] 0.0 0 0.0
2. A 4 13 567 534 94.2 33 5.8 ] 0.0 0 0.0
3. A 13 29 574 394 68.6 180 31.4 ] 0.0 ] 0.0 AC AC
4. C 9 37 652 80 12.3 504 77.3 68 10.4 ] 0.0
5. G 7 51 1291 0 0.0 32 2.5 565 43.8 694 53.8 GT GT GT
6. T 7 57 2342 3 0.1 37 1.6 253 10.8 2049 87.5
7. C 7 70 1608 37 2.3 1277 79.4 47 2.9 247 15.4 T
8. C 9 81 1038 28 2.7 831 80.1 57 5.5 122 11.8
9. T 16 88 1098 41 3.7 146 13.3 84 7.7 827 75.3
10. T 25 102 1108 17 1.5 ] 0.0 106 9.6 985 88.9
11. A 25 118 955 885 92.7 ] 0.0 50 5.2 20 2.1
12. A 29 132 901 870 96.6 31 3.4 ] 0.0 ] 0.0
13. C 29 141 935 156 16.7 695 74.3 63 6.7 21 2.2 AC
14. G 27 153 1160 0 0.0 59 5.1 741 63.9 360 31.0 GT GT
15. T 27 162 3136 1 0.0 52 1.7 255 8.1 2828 90.2
16. A 29 179 890 726 81.6 56 6.3 5 0.6 103 11.6
17. C 31 189 900 101 11.2 703 78.1 70 7.8 26 2.9
18. G 30 199 1362 ] 0.0 84 6.2 793 58.2 485 35.6 GT GT GT
19. T 40 209 3265 ] 0.0 150 4.6 180 5.5 2935 89.9
20. T 40 222 1228 0 0.0 61 5.0 33 2.7 1134 92.3
21. T 40 234 1437 ] 0.0 2 0.1 58 4.0 1377 95.8
22. T 40 247 1145 0 0.0 158 13.8 5 0.4 982 85.8
23 c 1 258 2821 R 03 2736 97.0 7 0.2 M 2.5
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Trace Colors

You can control the colors used to represent the A, C, G and T channels. This is
particularly useful for users with red-green color blindness. To change the colors
used, open the MacVector Preferences Pane by selecting the MacVector |
Preferences menu item, then switch to the Colors tab.

8een Colors (=]

] 3 Q@ A B @ =

General Aligned Display Colors | Fonts Internet License Map View Software Update Text Display

Sequences races
Referenced: I Left End: Iil A |HEE| C:|[EER| N[0

Complement: IEI Right End: Iil T: Iil G IEI
Numbering: | I |

(" Defaults ) Revert Apply
Click on one of the color buttons to bring up the standard system color selector that
allows you to set the new color.

(&) (&) Colors S

TTaEE " NEme .

Note that the same preference pane also lets you choose the colors used for
complementary sequences and numbering in the sequence editor and ligation
dialog.

The Agarose Gel Window

You can create simulated agarose gels by choosing the File | New | Agarose Gel...
menu item.
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e0e Untitled

D oy @ M- = B-FE o »

Gel Unlocked % Agarose Add Marker Delete  Display Sizes Dye Quantity Prefs Run Time

Drag a restriction enzyme site from a Map view into this window.

Adding Digests

Simply drag any restriction enzyme label from any Map tab of a sequence window
and drop it on the Agarose Gel window to see the predicted pattern for that
molecule cut with that enzyme.

You can do this with any combination of enzymes to get double, triple or more
digests.

You can click and drag on any gel track to rearrange the columns and resize the
entire window to make the image larger.

Toolbar Buttons

* Locked/Unlocked — gels can be saved, so if you open one up, this button
prevents you accidentally overwriting your data.

* % Agarose — choose a percentage between 0.5% and 1.5%.

* Add Marker — this lets you choose a marker to add to the gel, using a dropdown
menu. You can also add your own specific markers to the list.

* Delete — removes the selected track(s) from the gel.

* Display — the default is to display a realistic image of the gel. However, you can
choose a schematic representation, where all the bands are given equal
intensities, or a combination of the two.

* Sizes — select this to view the sizes of each band on the gel. You can also simply
mouse-over a band to see the size in the status bar along the bottom,

* Dye — turns on and off the bromophenol blue + xylene cyanol dye fronts.

* Quantity — use this to increase or decrease the amount of DNA loaded in the
selected track(s)..

* Prefs — opens up the preferences dialog;
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Coloring Default markers for new Documents
Include Xylene Cyanol in dye mix Marker #1: A Hindlll [T
Band/Size Color: Il Marker #2: kb ladder [T
Gel Color Mode:  White on Black & Marker #3: None [T}
Gel Simulation Realism
Band thickness: Normal [T
Band diffusion: Normal 1T}

Small fragment band intensity:  Normal [T ]

cancel  (CINN

Here you can control the use of xylene cyanol in the dye mix, the color of the fonts,
the default markers used in new gel documents and the realism of the gel. In
addition, you can toggle the gel from the normal white on black to be black on
white — very useful for printing!

* Run Time — this lets you increase the run time to see better resolution of larger
bands. Normally, the gel simulation is only run until the smallest band (or the
dye front) is close to the bottom of the gel to ensure no bands are missing.

The Align to Reference Window

If you are not familiar with the Sequence Confirmation functionality in MacVector,

there is an excellent stand-alone tutorial that can be found in
/MacVector/Documentation/Sequence Confirmation Tutorial.pdf.

You can also align cDNA files to a genomic sequence — you can use this
functionality to quickly identify splice sites (described in more detail below).

Sequence Confirmation

The Sequence Confirmation window also uses tabs. Open the file
/MacVector/Tutorial Files/Align To Folder/Sequence

Confirmation/SampleSequence. Choose Analyze | Align to Reference;

66 SequenceSample Assembly — Editor o
- AGCT = . y
] i 0 . ¥ 4
Unlocked Text View Prefs Replica  Add Seqs Translations Show Dots Add Feature First Mismatch  Next Mismatch
witor | Vap | Features | annouations | Text |

SequenceSample ||cx5,
Consensus:

Click onthe "+" buttonto add sequences tothe assembly

e

The Map, Features and Annotations tabs are essentially identical to the tabs used in
the single sequence window. If you look at them now, you will see that they have
exactly the same information as is present in the original SequenceSample window.
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Note that the data from the original has been copied into this new document; this is
not a "Replica" like we saw earlier.

Before we look at the window in more detail, lets populate the window with trace

files and align them. Click on the Add Seqs button, navigate to the
/MacVector/Tutorial Files/Align To Reference/Sequence

Confirmation/Trace Files/ folder, select all of the files in the folder
(command-A will do that) and click OK. The files will be imported into the Align To
Reference window and the Editor tab will refresh. With the Shading button selected,
the quality values of each residue are indicated by a red-green color scheme.

@® ( } SequenceSample Alignment — Editor
A L . 4 a8 © [ o AGCT ACGTAC ACGTAC
= & 7 " o)) S [ e VAT

Unlocked Text View Prefs Replica Topology Add Segs Align Basecall\ Shading J/Dots First Mismatch Next Mismatch Width
1 Editor J{ Map [ Features [ Annotations Text J SNPs J Problems

Sort |V} 10

SequenceSample GAAAAAAAACAAAGCACATGACACTTATAATTATGCAAAGAATCAACTTGTATTAATTGGCGATAAAAATAAAAGTTATACCTCTGTAAAAGATTT
Consensus

B02b D| AACTTAGTTTTCGTTCCATTGGCCCTCAAACCCCATTTATGGTCGCTATGACAGTTACCGCAAACGCAACTAATACAAGCACCCATAACCATG
GO05a AGGAGCGGCTNTTAACGTCCTTAACGTACGTTTTCGTTCCATTGGCCCTCAAACCCCTACTATTAATTATATTTTCAACAAGAAGTCCTGTAG

»

D| AACGTACGTTTTCGTTCCATTGGCCCTCAAACCCCTTGAACCTTAACATTCAAATGGTGTCGTGAATCAGTTAATACACGTTTACCAACCTTT.
F08b D| CAACTACGTTTTCGTTCCATTGGCCCTCAAACCCCGTAAATGCTCTATTTTTAGAGTATGAATAAGTTCATTGATATGTTCAGAAGGTTTAGT

P| GGAACGGCTNTAAACTCCTTAACGTACGTTTTCGTTCCATTGGCCCTCAAACCCCGTGAAACAAAATNTTTCTTAAATTGGTGTTACCATTAT

D| AACGTACGTTTTCGTTCCATTGGCCCTCAAACCCCTTTTATCATCTAAACTTGAAAAAGGCTCATCAAGCAAAATCAAATCGGGTTTCGTACT

D\ GGTNCCGCTATTAACTCCTTAACGTACGTTTTCGTTCCATTGGCCCTCAAACCCCTAAATCTGGTTAATCGTGATACGTTTAGGGAGGTTGAT

30 40 50 60
E04a| G GCCCTC AAACCCCT ACGT CG ACGT TAG AACGCG GCT ACAATTAA

Now align the traces with the SequenceSample reference by clicking on the Align
toolbar button. Make sure you have the Alignment Type set to Sequence
Confirmation;

Align to Reference Parameters

Alignment Type: Sequence Confirmation ﬂ

Residue Scoring Alignment Parameters

Match: 2 Hash Value: 4 _:]
Mismatch: —4 Sensitivity: 4 ﬂ
Ambiguous Match: 0 Score Threshold: 50
Gap Penalty: 3 X Dropoff: 15

. Defaults . . Cancel . ( OK )

Click on OK and after a few seconds the Editor tab will refresh to show the aligned
sequences;
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[ NON ] SequenceSample Alignment — Editor
A L L% 78 W ager ACGTAC ACGTAC
Eh @ 7 2 ) vew AT @l S e W e
Unlocked Text View Prefs Replica Topology Add Seqs Align Basecall Shading Dots First Mismatch Next Mismatch Width
1 Editor J Map [ Features [ Annotations [ Text [ SNPs [ Problems
Sort |V}

1 20 El 40 50 60 70 80 90

SequenceSample GAAAAAAAACAAAGC -ACATGACACTTATAATTATGCAAAGAATCAACTTGTATTAATTGGCGATAAAAATAAAAGTTATACCTCTGTAAAAGATT
GAAAAAAAACAAAGC -ACATGACACTTATAATTATGCAAAGAATCAACTTGTATTAATTGGCGATAAAAATAAAAGTTATACCTCTGTAAAAGATT

EO04a )| GAAAAAAAACAAAGC - ACATGACACTTATAATTATGCAAAGAATCAACTTGTATTAATTGGCGATAAAAATAAAAGTTATACCTCTGTAAAAG,

E04b )| GAAAAAAAACAAAGC - ACATGACACTTATAATTATGCAAAGAATCAACTTGTATTAATTGGCGATAAAAATAAAAGT TATACCTCTGTAAAAG,
ForwardPrimer |  AAAAAAAACAAAGC - ACATGACACTTATAATTATGCAAAGAATCAACTTGTATTAATTGGCGATAAAAATAAAAGTTATACCTCTGTAAAAG,
4
4

GO05b AATACA - GGCAACATGACACTTTTAATTATGCAAAGATTCAACTTGTATTAATTGGCGATAAAAATAAAAGTTATACCTCTGTAAAAG,
HO3b

90 200 210 220 230
E04aC T T ATAATTATG CAAAG AATCAACTTG TATTAATTGG CGATAAA/

70 80 90 100
ForwardPrimer| CT T AT AATTATG CAAAG AATCAACTTG TATTAATTG G CG ATAAAA

250 -
200 -

4

Toolbar Buttons

* Replica - as with the other windows in MacVector, this opens a second window

so you can have a different tab open viewing the same underlying
data.

* Topology — MacVector can align reads across the circular origin or sequences.
* Align - this displays the alignment dialog.

* Basecall — this runs the phred basecall tool which re-interprets the
chromatogram peaks and adds quality values.

* Shading — turns the background quality shading on and off.

* Translations - If you click on this the display will change to show the three or
six frame translation of the reference (top line) sequence displayed
directly under the consensus sequence;

@00 SequenceSample Alignment — Editor =]

el R @ () L e = SUEE e

Unlocked Text View Prefs Replica Add Seqs Remove Seqs Align Translations Dots Create Width First Mismatch Next Mismatch

| Editor | Map Features | | Text | SHPs |

Sart A 18 8 28 ]
uenceSample

G

79 9

CAAAAAAAACARACLACATCACACTTA- TAATTATG - CAAAGAATCARCTT - ETATTAATTEGCEATAAAAA ummuu[nnmuumnuu

AMGCACATGACACTTA- TATTATG -CAAAGAATCAALTT GTATTARTTGGCGATAAAAA-TAARAGTTATACCTCTCTAAAAGATTTAAK

1||GluLysLysElnSer Thr***HisLeu-***Leuly- sLysCluserThrl-yslehsnTephrg=«lys— < LysLeuTyrLeuCyslysirgPhely=t

2| L LaHi T nTyr, yshsnGlnLeu- 1leGlyAsplyshs-nLysSerTyr ThrserVallyshzel eulsy
11

++

.el"et—E'.nA'gI'.eAsnLe—u

2

-2|| PhePheValPheCysMetValSerIl-ellelleC-ysleulleleulys-Tyr 1 y s
<3||PhePhePheleuAlatvsServals ** -Leu* **Al-aPhePhe** *SerT-hrAsnIlePraserLeuPhe-Leuleu®* *V B Phecercesphe!
EDda P || GAAAAAARACARAGCACATGACACTTA- TAATTATG - CAAAGAATCAACTT -G TATTAAT TEELGATAAARA - TAAAAGTTATACCTC TG TARAAGATTTARAT
ED4b B |[EAAAAAAAACARAGLACATCACACTTA - TAATTATG - CAAAGAATCAACTT - CTATTAATTGECCATAAAAA - TAAAAGTTATACCTCTETAAAACATTTAAAT
ForwardPrimer B[ EAA AR AACAAAGCACATCACACTTA- TAATTATG - CAAAGAATCAACTT - GTATTAATTGECGATAAAAA - TAAAAGTTATACCTC TG TAAAAGATTTAAAT o
Gosb A CAARAAA AR CAAGGCACANGACAT TTATTAATTATGCCAAAGANTCAACTT TG TAT TAAT TEELGATARARAATAAAAGT TATACCTC TG TARAAGATTTARAT v

In six-frame mode, the complementary strand translations are shown
in blue to help clarify the display. The translations use the
currently selected genetic code and can be display as single
characters or as the three-character amino acid code. You can
toggle this setting in the Options | Format Annotated Display dialog.

Note that the translations skip any gaps inserted into the reference
sequence and treat it as a single ungapped sequence. The same is
true for the automatic restriction enzyme searching in the Map tab -
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Text Tab

SNPs Tab

all gaps are ignored so that GAA-TTC will still be reported as an
Eco RI site.

* Show Dots - this substitutes dots at any location where the aligned sequences or
the consensus match the reference sequence. This lets you quickly
identify residues where the alignments differ from the reference.

* First Mismatch - as the name implies, if you click this, MacVector will find the
first mismatch between the reference and consensus sequences,
move to that location and highlight the appropriate residues;

7 s ST FFE S o
“TCARCARGAAGTCCTGTAGGAGAACTCTTTRCTARTATCTTACACTTAC
“TCAACARGAAGT CCTGTAGGAGAATTCTTTACTARTATCTTACACTTAC
: E ¥ L ®* E N S L L I 5 ¥ T ¥

F M_K K $ C K R I L ¥ * ¥ L T L 1
S TR S P N¥GEFFTMHN 1 L HL

# 05 TR Y S FEEKS | D # ¥ &
E W L LGTFESHNEKWYL I KOEFEK.TL
CLLF DO L L IR * %% R Y S Y
“TCARCARGAAGTCCTETAGGAGRATTCT TTACTARTATCT TACACT TAC
“TCARCARGAAGTCCTETAGGAGRATTCT TTACTARTATCT TACACT TAC
“TCARCARGAAGTCETETAGGAGRATTCTTTACTARTATCT TACACT TAC

ATNTCTRACACTTAC

e Next Mismatch - this button searches from the current cursor/selection location
to the find the next mismatch (5' - 3").

®O00 SeguenceSample Alignment — Text (o]
N B Y : AGCT
1 4. . AGCT
Unlocked Prefs Replica Dots
| Editor | Map | Features Text SNPs
18 28 38 a8 58 6 [ 8 ]
SequenceSanpleCAAARAAAACAAAGCACATCACACTTA - TAATTATG - CAAAGAATCAACTT - CTATTAATTCGCEATARAAA - TAARAGTTATACCTCTETARAAGATTT tg
Consensus:  GAAARAAAACAAAGCACATGACACTTA-TAATTATG-CAAAGAATCAAC TTAATTGGCGATAARAA - TAAAAGTTATACCTCTGTAARAGATTT
E8da GARAAARAACAAAGCACATGACACTTA- TAATTATG - CAAAGAATCAACTT - GTATTAATTGGCGATAAAAA - TAAAAGTTATACCTCTGTARAAGATTT
E8db GAAAAARAACAAAGCACATGACACTTA- TAATTATG- CAAAGAATCAACTT-GTATTAATTGGLGATAAAAA - TARAAGT TATACCTCTGTARAAGATTT
ForwardPrimer CAAAAAAAACAAAGCACATGACACTTA-TAATTATG -CAAAGAATCAACTT -CTATTAATTCGCCATAAAAA- TAARAGTTATACCTCTCTARAAGATTT
685k CARAAARACCAAGGCACANGACATTTATTAATTATGCCAAAGANTCAACTTTETATTAATTGECCATAAAAAATAAAAGTTATACCTCTGTAAAAGATTT
B3k
BA2b
G85a
Fi5k
HB3a
88k
B18k
BA2a
D12k
Bllb
F85a
F88a
H18a
Bl8a
FBok
DiZa H

The Text tab is a standard MacVector plain text window, meaning that it can be
printed and text selected and copied to the clipboard. The line length can be
controlled by clicking on the Prefs button. The display matches the Editor tab for
the order of Reads, position and content of the consensus, and the Show Dots
consensus match function. The display is updated to match any edits in the Editor
whenever the tab is switched in or when a replica window is activated.

This lists the details of any differences between the consensus sequence and the
reference (including any amino acid changes in CDS features) and also between
individual reads and the reference.
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SequenceSample Alignment — SNPs —
AGCT
E KR . AGCT
Unlocked Prefs Replica Dots
| Editor | Map | Features Text SNPs
SNP report for SeguenceSarple Alignment O

Differences between the Consensus and Reference Sequences:

lies in CDS "ORF 17 at codon 75 Codon change = CTC -> TTC Aming Acid Change = Leu75Phe

C->T
998 T->¢C lies in CDS "ORF 1" at ceden 172 Codon change = GAT -> GAC Silent Mutation (Asp)
2068 N -> A
2973 N -> G
2074 N->T
2082 N->T
2988 N -> C
2089 N->T
2003 N -> A

N ->T

N ->C

Chronatogran-based Reads are scored as the percentage of the total signal in the called base track.
Non-chroratogran Reads simply have all mismatches reported as possible SHPs.

Probable SNPs in the Reference Sequence (sceres equal te or exceeding 98.8)

616 G -> T = 28% (1/5)
7es C-> T = 33% (1/3)
998 T -> C = 16% (1/6) -
1113 A -x C= 14% (1/7)
1515 G > A = 14% (1/7) 1

Preferences Panel

MacVector uses an OS X style Preferences Panel. This can be accessed by
choosing the MacVector | Preferences menu item. Individual preference panes can
be displayed by choosing the appropriate Options menu item or by clicking on the
Prefs button in many of the tabbed views. The Preferences Panel consists of a
number of individual panes. In all cases, any changes you make get applied when
you either click on the Apply button, change panes, or dismiss the dialog. Normally,
any windows you have open will automatically then update with the new settings.

® General

G D 9@ AEm P ®

General Aligned View Color Font Internet License Map View Scan DNA Text View Update

Appearance & Behavior Settings:

Show tooltips in editors
Use click-through toolbars

File Settings:
Line Ending:  Unix (LF)

Path Style: POSIX

(OJ o>

Path Length: Abbreviated

This contains a few settings that affect the general behavior of MacVector.
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Aligned Display
[ ] Aligned View

ﬂi@)[ﬁ‘/@ﬁig )

General Aligned View Color Font Internet License Map View Scan DNA Text View Update

Lines Match Character
Show query line Default
Show score line ° Upper

Lower
+1 or Greater: |
Character:

Between -1 & +1: Mismatch Character

-1 or Less: Default

© Upper
Lower
Character:

Numbering Alignment characters
Numbering (5 - 100): 10 Vertical Aligment Char.: |

Vertical Alignment (0 - 250): 0 - Horizontal Alignment Char.:

These settings largely affect the layout and display of text-based alignment result

windows.
Colors
This is the pane that lets you change the colors used in various places throughout
MacVector.
[ ) Color
e w2 \ (@] n I -
] B WA A = = (®)
General Aligned View Color Font Internet License Map View Scan DNA Text View Update
Sequences Traces
Reference: [N Left End: [N A/l c I N Il
Complement: Il Right End: [N T G
Numbering: ' [N
Sequence Editor
Features: No Color [T
All features visible in the Map tab
© Only features located on the sequence
Revert Apply
Fonts

This pane lets you control the fonts used by MacVector in the sequence editors and
the text result windows.
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Internet

License

Map View

© Font

Gl B Q@ A = & 2 @

General Aligned View Color Font Internet License Map View Scan DNA Text View Update

Result Window Font Editor Window Font
Font: . Andale Mono a Font: Andale Mono a
Size: 10 ° Size: 0 °

The Editor window font setting is used for
the Single Sequence Editor, Trace Editor,

MSA Editor, Align to Reference editor and
the Contig editor only.

Table view fonts
Regular Table Size: 13 ¢

Small Table Size: 1

Note: If you are having problems with misalignments when you print text
windows, change the font here to Andale Mono.

You can configure MacVector to use a local BLAST server if it conforms to the
NCBI QBLAST specification. This pane lets you redirect BLAST queries to a local
server, but most users should never need to change these settings. If you are
interested in this functionality, contact MacVector, Inc and we can provide you
with scripts and executables to get this working on your own network.

MacVector 10 introduced a new software-based licensing approach to replace the
old hardware USB-dongle implementation. In MacVector 10.5 we extended this to
allow you to easily switch between different licenses. This pane lets you edit
existing licenses (to change the activation code for example), add new licenses or
switch between licenses using a simple popup menu.

;6 00 License =N

A D e R = @

;Ceneral Aligned Display Fonts Internet License Map View Software Update Text Display

License v 1234501 (Single Copy) Kevin r
1234502 (Single Copy) John Smith

2345605 (Sassafras Network License) Barack Obama

Details

Products Activated: MacVector, Assembler
Expiration Date: Perpetual

Maintenance End Date: April 14, 2010
License Type: Single Copy

Apply

This pane lets you control all of the global preferences that affect the Map view.
These include effects such as shadowing and anti-aliasing and controls that affect
the display and layout of features and their labels for large sequences.
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Scan DNA

( ] Map View

Bl B QA O A = = = @

General Aligned View Color Font Internet License Map View Scan DNA Text View Update

Enable shadowing Enable label hiding

Blur: 2 Hide labels when the number of 1000

X Offset: 2
features exceeds

Y Offset: -2

L Overview Size: Medium [T ]

Simplify layout for large sequences
Graphics Height: 14 &)

Use when average number of
features per line of sequence 200 Maximum Levels: 20
exceeds

Vertical Label Rows: 10

Suppress anti-aliasing

Change Default Symbol Appearance

This tab controls a variety of algorithms that are run against DNA sequences

whenever you open a file, or change a sequence. The Restriction Sites tab controls
how the restriction enzymes are displayed while the Open Reading Frames tab lets

May 2019

you automatically view and ORFs that are not already annotated as features on the
sequence. The Missing Features tab scans the DNA for common features (replication
origins, antibiotic resistance genes and other interesting features) that are typically

found in cloning vectors. The Primers tab scans the sequence for matches to a

default Primer Database.nsub file. Each of the algorithms can be turned off

with a simple checkbox if you want an uncluttered display.

[ J Scan DNA

Bl 5 QWO R = = Y @®

General Aligned View Color Font Internet License Map View Scan DNA Text View Update

Scan DNA Sequences for...
Missing Features =~ Open Reading Frames  Primers [pliEsadleilely] Sites

Show restriction sites

Do not scan if

£ Enzymes RA (super-fixed).renz < N 200| KB
sequence is over
Open Set Enzyme File... Maximum number s
of cut sites

Use all enzymes
o Only use selected enzymes

? Defaults
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Update
o Update

] H Q@ A =B = =@

General Aligned View Color Font Internet License Map View Scan DNA Text View Update

Sparkle Updates

Automatically check for updates Period: = Daily ]
Automatically download updates
Send system profile

News

Automatically check for news

Current News Privacy Policy Check Now

MacVector has a semi-automated automated software update facility. The default
is for MacVector to check daily for updates. You can also configure MacVector to
be fully automatic and install updates whenever it finds them. In addition,
MacVector will check with the MacVector web site to display other information
that may be of interest including workarounds for bugs, availability of new
documentation, utility programs or data files.

Text View

® Text View

B B W@ A = & ] ®

General Aligned View Color Font Internet License Map View Scan DNA Text View Update

Appearance Displayed Feature Types
Line Length (30 - 225): 100/ < Binding Repeat
~ 4 General 4 RNA
Blocking (0 - 50): 0 v
9 ( ) = Protein Translation
Numbering (5 - 100): 10 Region Other
Marking (0 - 100): 0 Regulatory Frag
Characters Translate (DNA/RNA only)
v v i
AA code letters: one Othree & cos @ M.at_pepFlde
Exon Sig_peptide
Strandedness: @ double single Block to phase
Revert Apply

This pane controls the appearance of the many plain text output tabs that are
generated by MacVector’s algorithms. In addition, the AA code letters are used
throughout MacVector wherever amino acid sequences are displayed in the same
view as DNA.
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