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MacVector Resources

Tutorials
A number of tutorials are available for download;
http://www.macvector.com/downloads.html
Videos
http://www.macvector.com/Screencasts/screencasts2.html
Manual

There is a downloadable PDF version of the manual (12.0) at

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

Discussion Forums

To post questions or follow ongoing discussions, check out the user
forums at;

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

Copyright Statement

Copyright MacVector, Inc, 2011. 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 workshop guide was published in Sept 2011.
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MacVector 12.5 is the culmination of a series of significant updates
to MacVector over the last four 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 and numerous other enhancements. MacVector 12.5
uses the licensing system introduced with MacVector 10.0 that
removed the need for USB hardware dongles.

This document provides practical examples of how to use the new
functionality. All of the sequence files used in the examples can be

found in /Applications/MacVector 12.5/Sample Files/ Or
/Applications/MacVector 12.5/Tutorial Files/.

Tabbed Interface

MacVector 12.5 Workshop

When you open a sequence using MacVector , the first thing you
will notice compared to versions of MacVector prior to 10.0 is the
new tabbed interface with OS X style toolbars.

006 # pBR322 — Editor o
g @& B 5 O —8 W <= &L I <,
DNA Locked Text View Prefs Replica Topology dfoc ing  Voice Verify Strands Create Range Features
l Editor ' Map I Features ' Annotations 1

99

[TTCTCATGTT TGACAGCTTA TCATCGATAA GCTTTAATGC GGTAGTTTAT CACAGTTAAA TTGCTAACGC AGTCAGGCAC CGTGTATGAA

ATCTAACAAT GCGCTCATCG TCATCCTCGG CACCGTCACC CTGGATGCTG TAGGCATAGG CTTGGTTATG CCGGTACTGC CGGGCCT[‘ZT%

GCGGGATATC GTCCATTCCG ACAGCATCGC CAGTCACTAT GGCGTGCTGC TAGCGCTATA TGCGTTGATG CAATTTCTAT GCCCACCE T
TCTCGGAGCA CTGTCCGACC GCTTTGGCCG CCGCCCAGTC CTGCTCGCTT CGCTACTTGE AGCCACTATC GACTACGCGA TCATG
CACACCCGTC CTGTGGATCC TCTACGCCGE ACGCATCGTG GCCGGCATCA CCGGCGCCAC AGGTGCGGTT GCTGGCGCCT ATATCC«C%
CATCACCGAT GGGGAAGATC GGGCTCGCCA CTTCGGGCTC ATGAGCGCTT GTTTCGGCET GGGTATGETG GCAGGCCCCG TGGCCO

ACTGTTGGGC GCCATCTCCT TGCATGCACC ATTCCTTGCG GCGGCGGTGC TCAACGGCCT CAACCTACTA CTGGGCTGCT TCCTAATG

GGAGTCGCAT AAGGGAGAGC GTCCGACCGAT GCCCTTCGAGA GCCTTCAACC CAGTCAGCTC CTTCCGETGE GCGCGGEGCA TGACTATC
CGCCGCACTT ATGACTGTCT TCTTTATCAT GCAACTCGTA GGACAGGTGC CGGCAGCGCT CTGGGTCATT TTCGGCGAGG ACCGCTTTCG
9,

CTGGAGCGCE ACGATGATCG GCCTGTCGCT TGCGGTATTC GGAATCTTGC ACGCCCTCGC TCAAGCCTTC GTCACTGETC CCECC»’«CE

)

ACGTTTCGGC GAGAAGCAGG CCATTATCGC CGGCATGGCG GCCGACGCGC TGGGCTACGT CTTGCTGGCG TTCGCGACGC CACC«CTCE

GGCCTTCCCC ATTATGATTC TTCTCGCTTC CGGCGGCATC GGGATGCCCG CGTTGCAGGC CATGCTGTCC AGGCAGGTAG ATCAC
TCAGGGACAG CTTCAAGGAT CGCTCGCGGC TCTTACCAGC CTAACTTCGA TCACTGGACC GCTGATCGTC ACGGCGATTT ATGCC

GGCGAGCACA TGGAACGGET TGGCATGGAT TGTAGGCGCC GCCCTATACC TTGTCTGCCT CCCCGCGTTE CGTCGCGETG CATEGAGC&{Z

The color-coding MacVector has always used for distinguishing
nucleic acid and protein sequences is retained in the background of
the tab bar, where light red indicates a nucleic acid sequence and
blue indicates protein.

The tabs correspond to the four main sequence-related windows that
were available in earlier versions.
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 Editor - this displays the standard editor view of the sequence.
In earlier versions of MacVector, this was the "primary"
window - you always had to select this window before you
could run any analyses.

* Map - this displays the graphical view of the sequence, where
features are displayed graphically according to the settings
you have applied for the sequence. One enhancement, first
seen in MacVector 10, is that this view now also displays
restriction enzyme sites.

* Features - this replaces the old feature editor window. It
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 replaces the old annotations editor window.
Like the Features tab it uses a modern OS X style list display
and you can sort and edit features with simple mouse clicks.

Note that you can switch between tabs by holding down the
command key pressing “1”, “2”,“3” or “4” on the keyboard in
addition to clicking with the mouse.

The Editor Tab
The Editor tab is essentially identical to the primary editor window in
earlier versions of MacVector. There are a few minor changes,
mostly associated with the toolbar.
Toolbar
£ & o5, O —® M < = I 3,
DNA Locked Text View Prefs Replica Topology Bl&‘c‘l&i‘ng Voice Verify Strands Create Range Features

Common ltems
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 is similar to earlier versions of
MacVector, except that all editing functions are enabled even
if the sequence is locked - you are prompted to unlock the
sequence if you try to perform a destructive edit.

MacVector 12.5 Workshop 6
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pBR322

> TCA TGT °
> ACC GTG °
[ GGT TAT 1

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

A
—u'-ﬂ\ ) You cannot make changes to a locked document. =
H CAG TCA

156
CAT AGG

( Cancel ) ¢ Unlock... } 225
—_ T66 6T

S
[ GCT AGC Ler AR T LT ORI LA AT LT AT LOG ALL GO T T LOY YL AT o won e w166 CCG

3 CCC AGT CCT GCT CGC TTC GCT ACT TGG AGC CAC TAT CGA CTA CGC GAT CAT GGC GAC CAC ACC CGT CCT ETG
A5

* Text View - this opens a separate window with the "Annotated

Sequence" text view.

* Prefs - this opens a Preferences Pane dialog, 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.

* 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.

* Strands - with earlier versions of MacVector, this simply

toggled the complementary strand on and off. With
MacVector 12, 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 new Colors preference pane.
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"®@006 # pBR322 — Editor e ==
fa Y —~ 80 - ..
g 8 3 [ 5. —® W = L0 e I
DNA Locked TextView Prefs Replica Topology Blocking  Voice Verify | v Show Complementary Strand
[ Editor [ Map I Features ' Annotations 1 | v Show Plus Strand Translations
v Show Minus Strand Translations

[TTCTCATGTT TGACAGCTTA TCATCGATAA GCTTTAATGC GGTAGTTTAT CACAGTTAAA TTGCT
F s C L TAY HR®* ALM R®*FTI TVK I!

S

L M F D

L LT @S GET VY'E
H v = QL I 1 DK L *= C G S L S QLN C*R S QA P CHMK
S L S S 1 S FNA VVY HS * I AN A V R H R Vv =

Ur

ATCTAACAAT GCGCTCATCG TCATCCTCGG CACCGTCACC CTGGATGCTG TAGGCATAGG CTTGGTTATG CCGGTACTGC CGGGCCTCTT E
I ¢ C A HPR HRH PGCC RHR LGY AGTA GPL pBR3:
S NN ALI VILG TVT LDA VGIG LVHE PVL PGLL
N LTH® RSS §S5S APSP WML " A=* AWLCECRYCRAS —
R AR e i
GCGGGATATC GTCCATTCCG ACAGCATCGC CAGTCACTAT GGCGTGCTGC TAGCGCTATA TGCGTTGATG CAATTTCTAT GCGCACCCGT I
AGY RPFR QHR QSL WRAA SATI CVD AISHMRTR TAGTTT
R DI VHS DSIA SHY GVL LALY ALHMNI QFL CATPYV
C6I1sS SI1IP TAS PVTH ACC *RY MR=*C NFY AHP fGGATGC
""" AR TR R A AR TR R RO jceTeeT
A
5 fecTeee
ICCGCAT

e Create - this is a new button (first seen in MacVector 10.5) that
opens the Feature editor with the start and stop locations of
the new feature set to the current selection in the Editor.

* 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)
y Topology Strands (237 bp)  Features

5

* Features - as with earlier versions, 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.

Note that the Feature Window, Annotation Window and Map Window
buttons from MacVector 9.5 have been removed. These are no
longer needed as the tabs have replaced these functions.

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 ’-_

FTCTCATGTT TGACAGCTTA

ATCTAACAAT CGCCGCTCATCE

GCGGCATATC GTCCATTCCG

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

MacVector 11 has enhanced this functionality to let you set the first
residue to a positive number. To set this, simply double-click on the
red cross and enter a new start value in the sheet that appears.

" J# pBR322 — Editor

w Prefs Replij Origin: 110001 Strands Cre
pones o
TCATCCGATAA G( ACGC AGTCA

TCATCCTCGE CACCGTCACC CTGGATGCTG TAGGCATAGG CTTGGTTATG 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 and want 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, click on
the Features popup menu and select the tetracycline resistance CDS;

=
1to 4361: ALL

> 86 to 1276: gene=tet; codon_start=1; trans...
conflict > 1915 to 2106: codon_start=1; transl_table=11...
gene > 3293 to 4153(C): gene=bla; E-286; codon_start=1...
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 (another new feature
in MacVector 11). 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).
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Coloring
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e 06 Untitled — Editor (@)
£ ) ] EH E —® W = &k 3,
DNA Unlocked Text View Prefs Replica Topology w&:]fr'l]g Voice Verify Strands Create Range Features
I Editor [ Map ' Features I Annotations l

(86) 175
ATGAAATCTA ACAATGCGCT CATCGTCATC CTCGGCACCG TCACCCTGGA TGCTGTAGGC ATAGGCTTGG TTATGCCGGT ACTGCCGGGC

CTCTTGCGEE ATATCGTCCA TTCCGACAGC ATCGCCAGTC ACTATGGCGT GCTGCTAGCE CTATATGCGT TCATGCAATT TCTATGCEE;;
CCCGTTCTCE GAGCACTGTC CCGACCGCTTT GGCCGCCGCC CAGTCCTGCT CGCTTCGCTA CTTGGAGCCA CTATCGACTA CGCGATC;‘{E;
GCGACCACAC CCGTCCTGTG GATCCTCTAC GCCGGACGCA TCGTGGCCGE CATCACCGGC GCCACAGGTG CGGTTGCTGE CGCCTAT;;E
GCCGACATCA CCGATGGGGA AGATCGGGCT CGCCACTTCG GGCTCATGAG CGCTTGTTTC GGCGTGGETA TGETGGCAGE ECCCGTE;E;E:
GGGGGACTET TGGGCGCCAT CTCCTTGCAT GCACCATTCC TTGCGGCGGC GGTGCTCAAC GGCCTCAACC TACTACTGGG CTGCYTCE;;
ATGCAGGAGT CGCATAAGGE AGAGCGTCGA CCGATGCCCT TGAGAGCCTT CAACCCAGTC AGCTCCTTCC GGTGGGCGLE GGGCATGééf
ATCGTCGCCG CACTTATGAC TGTCTTCTTT ATCATGCAAC TCGTAGGACA GGTGCCGGCA GCGCTCTGGE TCATTTTCGE CCACC«ACEEE
TTTCGCTGGA GCGCGACGAT GATCGGCCTG TCGCTTGCGE TATTCGGAAT CTTGCACGCC CTCGCTCAAG CCTTCGTCAC TGGTCCC%CT“:C_;_ A

ACCAAACGTT TCGGCGAGAA GCAGGCCATT ATCGCCGGCA TGGCGGCCGA CGCGCTGGGC TACGTCTTGE TGGCGTTCGC GACGCGAGGC ) 1

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 to 1;

hl
¢ Create Feature ]
¢ SetOrigin

Reset Originto 1

MacVector 12 added the ability to 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;

[l Enable Mixed Case Entry Y <
.

Make Lower Case [ Te
¢ Make Upper Case Fre
Color:
A x soeiion s al
G "Green" ©AC

\CGACAGAA CCTAAAAAAG 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.

10
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Mixed Case Entry

MacVector 12 added the ability to 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.

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. We will look at this in more detail later. Each tab has its
own toolbar layout, so you can customize each tab independently.

0686 # pBR322 — Editor o
g B B3 O -— X = & = =),
DNA Unlocked TextView Prefs Replica Topology ~ Biocking  Voice Verify Strands Create Range  Features

Drag your favorite items into the toolbar...
=5 0 e Z
= s ] @ B o = ¢ ¥ £
Align to Folder Align to Ref. Auto-Annotate Base Comp. BLAST Blocking Clustalw Copy Create cut DNA Matrix DNA
: n é€ 2 P 5 i
et )
9 . B K i . & & 3 e
Duplicate Entrez Features Find Primer Pair  Find Seq. Primer Unlocked Matrix NA Subseq. A Toolbox New Open ORFs
S & —_ = i
B L occco
N = S PG =l = : B A B 2
Paste Prefs Primer Primer3 Prot. & DNA Matrix Range RE Search Replica Save Strands Test Primer Pair  Test Seq. Primer
= =
5 G i
O — —3 0 = ] ﬁ v{?‘ = A —
Text View Topology Transcript Translate Translations  Vector NTl Import  Voice Verify Customize Flexible Space Fonts Print Separator
Space
... or drag the default set.
n L e e - —_—
i 0= O M A 5]
DNA Unlocked TextView Prefs Replica Topology . Blocking Voice Verify Strands Create Range Features
Show [lcon & Text  |3) ¥ Use Small Size ( Done )

MacVector 12.5 Workshop 11
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® 00 # pBR322 — Map
ffan |2 N = a o I,
D200 = O W A © O O A »
DNA  Locked TextView Prefs Replica Topology Digest Ligate Create Edit Delete
Editor Map | Features | i \

EcoRl (4359)
EcoRV (187)
Clal (24)  Fspl (262)
Hindlll (29) BamHl (375)

Pstl (3611)

Fspl (3588)

pBR322
4361bp

Fspl (1358)

Fspl (1456)

&y
A =
10y ponn 2000
- /
Pwull (2066)
.

The Map tab is similar to the Map window used in MacVector 9.5
and earlier, except that by default a number of restriction enzyme cut
sites are displayed on the map. The enzymes used for this analysis
are controlled by the Map View Options dialog. This can be opened by
clicking on the Prefs button, or by selecting the Options | Map View
Options... menu item. The use of this is discussed in more detail later.

Other recent changes from earlier versions are:

- 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).

- 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.

Map Specific Toolbar Items

* Digest - this is a new button added to MacVector 11. It is
enabled whenever two restrictions 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

MacVector 12.5 Workshop 12
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produced by the enzymes. This is discussed in more detail
later.

* Ligate — another new button for MacVector 11. 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 new 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.

* Create - this invokes the Feature Editor, creating a new feature.
This is discussed in more detail below.

* Edit - this is only active if you have a feature selected. It brings
up the new Feature Editor, loaded with the details of the
feature you have selected. Note that this lets you edit the
GenBank-style representation of the feature. To edit the
feature appearance, double-click on the feature to bring up
the Symbol Editor.

* Delete - this deletes the selected feature. Note that this
physically deletes it - if you just want to hide a feature from
display use the floating 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.

N

X o, 186
Palette Zoom Range
* Palette - this toggles the visibility of the floating graphics
palette window.

» 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 are now only able to 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.

13
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Equivalent to the old Features Window, the Features tab has a number

of changes for MacVector 11.

006 # pBR322 — Features
I 5 Wu = O @ =
DNA Unlocked Text View Prefs Replica Topology
p Features N
Type | Starts | Stop
source 1 4361
source 1 1762

misc_binding

promoter

misc_binding

promoter

misc_binding 53
misc_binding 67
misc_binding 80
gene 86
CDS 86

Features Specific Toolbar ltems

27

33
42

49
56

70

83

1276
1276

Q

. Create FEdit Delete Join

c

C

Description
forganism=Cloning
vector pBR322
/mol_type=other
DNA
/db_xref=taxon:
47470

/focus
forganism=Plasmid
pSC101
/mol_type=other
DNA

/
bound_moiety=echi

nomycin
/note=promoter P1

bound_moiety=echi
nomycin
/note=promoter P2
/
bound_moiety=echi
nomycin

bound_moiety=echi
nomycin

bound_moiety=echi
nomycin

/gene=tet
fcodon_start=1
fdb_xref=Gl:
208959

/gene=tet v

»(

* 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. This is a new feature
introduced in MacVector 11. 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.

Changes from MacVector 9.5

The Features tab is implemented as an OS X style "Data Browser".
This means that sorting is now directly possible using the column
headers, rather than the old popup menu used in MacVector 9.5 and
earlier. The feature descriptions are now formatted to match the
standard GenBank qualifier format. That means each qualifier is

MacVector 12.5 Workshop
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preceded by a forward slash character and has the format
/qualifier = "data". This has important consequences for
editing and displaying features graphically as discussed later.

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.
06 SCU03771 — Annotations (@]
)\ — L
ool = i
§ i A - f— = J’jv
DNA Unlocked Text View Prefs Replica Topology Add
[ Editor ' Map ' Features | Annotations
Type Description
LOCUS SCu03771 6630 bp ss-DNA  linear BCT 13-SEP-1994
DEFINITION Streptomyces coelicolor A3(2) aerial mycelium formation gene
cluster (ramA, ramB, and ramR) genes, complete cds.
ACCESSION uo3771
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

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

PUBMED 8206859
¥ REFERENCE 2 (bases 1to 6630)

AUTHORS Kendall.K.J.

TITLE Direct Submission

JOURNAL Submitted (29-NOV-1993) Kendall K., Tulane University, Cell and
Molecular Biology, 2000 Percival Stern, New Orleans, LA 70118, USA

BASE COUNT 763 A 2482 C 2514 G 871 T 0 OTHER

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

* Delete - deletes the selected annotation(s).

PubMed Links

Functional PubMed (formerly MedLine) links are now shown in blue
underlined text to note that they can be clicked on. If you double-
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 it requires a double-click, not just a single click.
MacVector formats these using a typical journal abstract appearance.
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006 PMID 8206859

0021-9193, 1994, p. 3800-3811 Vol. 176, No. 12

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 to appear more rapidly than usual when introduced into Streptomyces lividans on a
low-copy-number plasmid vector. Colonies of S. lividans TK64 harboring either clone produce visible
aerial mycelia after only 48 h of growth, rather than the usual 72 to 96 h. From deletion and sequence
analysis, this rapid aerial mycelium (Ram) phenotype appears to be due to 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 of
S. lividans was found to be severely defective in aerial mycelium formation. ramR could encode a 21-kDa
protein with significant homology 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 to 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.

Medline Subject Headings:
*ATP-Binding Cassette Transporters
Amino Acid Sequence
Bacterial Proteins/*genetics
Base Sequence
Carrier Proteins/*genetics
Cloning, Molecular
DNA Mutational Analysis
DNA-Binding Proteins/*genetics
Genes, Bacterial*genetics
Membrane Proteins/*genetics
*Membrane Transport Proteins

Mnlaniilar Qaniiannsa Nata

You can use File | Save to save abstracts in Rich Text Format (RTF).

Configuring Automatic Restriction Enzyme Searching

MacVector 12.5 Workshop

One particularly useful feature in MacVector is that sequences can
be automatically scanned for restriction enzymes and the cut sites
displayed in the Map tab. This feature is controlled by a preferences
dialog that can be displayed by either (a) selecting Options | Map View
Options... or (b) clicking on the Prefs button in the Map tab toolbar or
(c) choosing MacVector | Preferences and selecting the Map View pane.
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®eOO Map View

L SO A R

L“ﬁl' (®)

Software Update Text View

General Aligned Sequence Colors Fonts Internet License Map View
[Zl Enable Shadowing M Automatic RE Analysis
| ———
X Offset: 2 Blur: 2 [ Set Enzyme File...
4 Y
Y Offset: -2 Common Enzymes.renz ( Open )

~
() Use all enzymes
(® Only use selected enzymes

Maximum oversampling: | 2x |§ Do not scan if

sequence is over 50 KB

8

["] Enable Bitmap Copy

Maximum of 16 MB

Overview Size: | Medium | %
Graphics Height: | 12 |$
Hide labels when the

Maximum Levels: 10 number of features 1000
exceeeds

Maximum number
of cut sites

M Enable Label Hiding

[ Suppress anti-aliasing

( Defaults ) Revert Apply

The right hand Automatic RE Analysis group controls the setting for
the analysis.

* Automatic RE Analysis - deselect this to turn off the
automatic restriction enzyme display in the map view. By
default it is always set to be on.

* Set Enzyme File... - click on this button to select the enzyme
file you want to use. By default, this is set to /MacVector
12.5/Restriction Enzymes/Common Enzymes. The
name of the selected file is displayed in the box immediately
below the button.

* Open - this button will open the selected restriction enzyme file
in a restriction enzyme editor window. You can
select/deselect enzymes in this window and the Map tab
graphical view will refresh to display the locations of the
selected enzymes in the file (see later).

¢ Use all enzymes/Only use selected enzymes - these radio
buttons determine how MacVector should treat the selected
file. Their use is pretty obvious - if you select Use all enzymes
every enzyme in the selected file will be used in the search,
otherwise only the selected enzymes will be used.

* Do not scan if sequence is over - the restriction enzyme scan
is relatively fast - a full scan of the E. coli genome takes just
a few seconds on an average Macintosh. However, the
graphical display can take much longer if trying to layout 1
million restriction enzyme sites on a circular chromosome, so
this setting provides an option to turn off the scan and display
for larger sequences. The default is set to 50kb.
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* Maximum number of cut sites - this lets you screen out
restriction enzymes that cut too frequently in your sequence.
This not only reduces the calculation/display speed, but it
also reduces on-screen clutter. The default is six sites, but
you might want to reduce this if you routinely use relatively
large sequences.

One other relatively new feature is the ability to suppress the display
of labels for very large crowded maps. This is particularly useful
when viewing whole genomes. You will find that this greatly
improves display performance for maps with over a thousand
features and avoids the appearance of many overlapping labels.
Click the Enable Label Hiding checkbox to turn on this feature and set
the maximum number of labels to display in the appropriate edit box.

Dynamic Interactions

Working with the default Restriction Enzyme file

MacVector 12.5 Workshop

All open sequence windows with the Map tab selected will respond
dynamically to selection changes in the selected restriction enzyme
file. Try the following tutorial;

Open /Applications/MacVector 12.5/Tutorial
Files/Align To Reference/Sequence

Confirmation/SequenceSample.

Make sure you have the Map tab selected. If you haven't changed
anything from the defaults after installation, it should look
something like this;

006 # SequenceSample — Map o
;ﬁ { . ] i j :

~ . Vo B
DNA Locked Text View Prefs Replica Topology Create

Editor Map I Features l Annotations

SequenceSample

Bell (2971)

Fspl (2973)

Sphl (2195)  Sspl (2680) Hindlll {(3074)

'/ /S
300 600 900 1200 1500 1800 2100 2401 2700 3000 3300

/' 100% 3
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The restriction enzymes displayed in the Map view are controlled by
the Map View Options dialog. Click on the Prefs toolbar button;

Y le

Map View O

" Iy
= ®)

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

—_ Enable Bitmap Copy

Map graphics are copied using a PDF
format. Many older programs (e.g. MS
Office 2004) may not recognize these.
Enable this option to copy in Bitmap
Format as well.

You can improve the quality of the
copied graphics by increasing the
resolution. An oversampling of 2x will
double the resolution.

Maximum oversampling: 2x |5

Use this option to restrict the size RAM
used when copying Bitmaps

Maximum of 16| MB

@ Enable Label Hiding

Hide labels when the
number of features 1000
exceeeds

lZl Automatic RE Analysis

Use this option to automatically scan all
sequences for restriction enzyme sites
and display the cut positions in the map
window.

(" Set Enzyme File... )

Common Enzymes ( Open )
\ y

-
_ Use all enzymes
(® Only use selected enzymes

Do not scan if

sequence is over 50 KB
Maximum number 8
of cut sites

w Defaults r [ Revert r ( Apply )

If you do not see Common Enzymes as the selected enzymes file,

click on Set Enzyme File, navigate to the
/Applications/MacVector 12.5/Restriction Enzymes/

folder and choose the Common Enzymes file.

Click on the Open button. You should see the Common Enzymes
restriction enzyme window open. Click on the close button to dismiss
the Preferences pane and then bring the Common Enzymes window to

the front;

19



MacVector 12.5 Workshop

8066

Common Enzymes

Sept 2011

2 @ /@ %

NA Enzymes

o

Locked Add Edit Delete Deselect
Aatl | G,ACGT™C Isos: M.Ratll, AspJl, Ppul2531, M.Ppul2531, Ssp523!
AccBS| GYGTAC,C Isos: Kpnl, M.AccBSI, AhaB81, Asp?181, BspJ1@6l, Ef
Accl GTTMK AC Isos: M.Accl, Dsa¥l, Fbll, OmiBIl, Xmil. Organism:|:
Acil CYCG,C Isos: M.Acil, BspACI, Ssil. Organism: Arthrobacter
Acll AATCG,TT Isos: M.Acll, Psp14861. Organism: Acinetobacter ca
Afel AGCIGCT lsos: Ecod?111, Aitl, AorS1HI, M.Ecod4?I1l, Funl. O
ATLTT CTTAA,G Isos: M.AfLII, Bfrl, BsaFl, BscLl, BspTl, Bstagl, |
AfLITI AYCRYG, T Isos: M.AfLIII, Asp98l. Organism: Anabaena flos-aqe
Agel AYCCGG, T Isos: M.Agel, AsiAl, AsiGl, BshTl, CsiAl, CspAl, P
Alul AGICT Isos: M.Alul, BsaLl, M.EsaBC1l, M.EsaS4l, Marl, Mhe
v Apal G,G6CCTC Isos: M.Apal, Bsp12@l, EciEl, Ppel, Psp3@l, PspOMI|
ApalL | GYTGCA,C Isos: Aagl, Alw44l, Amel, M.Apall, Bspl146l, Dagl, |
ApeK| GYCHG,C Isos: Tsel, Acel, M.ApeKl, M.BbwSl, M.Cdi63@IY, Tar
Apol RYAATT,Y |sos: Aesl, M.Apol, Cfal, Fsil, Xapl. Organism: Ar
Ascl GGTCGCG,CC Isos: M.Ascl, PalAl, Sgsl. Organism: Arthrobacter :
Asel ATYTA AT Isos: ¥spl, M.Asel, Asnl, BpoAl, CprJK?221, M.HpuR'
AsiS| GCG,ATYCGC Isos: Sgfl, M.AsiSl, Rgal, SfaAl. Organism: Arthrol
Aval CYYCGR, G Isos: Aerl, Ama87l, Aqul, M.Aqul, AspBl, AspDI, M.l
Aval | GTGUHC,C Isos: AflLl, Asp69?1, Asp?451, AspBll, AspDIl, M.Aw
Avrl | CYCTAG,G Isos: AspA2l, M.Awrll, AwBIl, Blnl, BspA2l, XmaJl
v BamH| GYGATC,C Isos: Aacl, Aael, Acall, AccEBl, Ainll, Alil, ALil:
Banl GYGYRC,C Isos: HgiCl, AccBil, M.Banl, BbwBl, BmeB5l, BshNI,
Banl | G, RGCY™C Isos: HgiJll, M.Banll, Bpul, BscMl, Bsp1171, BspSi*
BbwCI CCYTCA, GC Isos: Abel, M1.BbwCl, M2.BbvCl. Organism: Bacillus 1
VEBell TYGATC,A Isos: Abal, AtuSl, BeceDl, M.Bell, BeolB21, BmeTl, |
RfAl ~YTa R leac® Maal M FcaRl M Fea@?l Fanl Ficl FerRl

24 Enzymes selected...

Position the windows so you can see both the Common Enzymes and
SequenceSample windows. Click on the enzyme names to toggle the
selections (indicated by the checkmarks next to the enzyme name).
As you click on the enzyme names, the selection toggles and the
SequenceSample Map view refreshes in the background to show the
new selected restriction enzymes.

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;
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" @ MacVector File Edit Options Analyze Database Window Help

06 Untitled 7 oJooo
P = 33 =), It [ ] 3p

Range  Feaures | DNAJRNA Unlocked TextView Prefs Replica  Add Feature Bt D

72 4) (#10009  sun 10:50:23 PM_ Kevin Kendall %
Untitied =}

M = )
Glecking  Voice Verlty Topology Strands
T Amnotatons |

DNA/RNA Unlocked Text View Prefs Replica
G

D

RGC TAG CTA GCT AGC TAG CTA OCT AGC TAG Cd

‘}g,

= e Untitled 7

; |
E Eia P3 E= T,
DNATRNA Unlocked TextView Pres Repica  Add Feature £t O ONATRNA Unlocked TextView Pres Repica  Add Amntaion

Untitled 7 TVpe DesEipH
— BASE COUNT 8A 8C 9C 7T O0OTHRR

c

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;

M —e X
Replica
Editor

r Prefs Voice Ver

Map Annota

TCATCGA TAT CACY

Features
Annotations
T ———
CGCTACTTGE AGCCACTATC CGACTACGCGA TCAT

CACCGTCR TAGG CTTC

GGCETECT GATG CAAT

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.

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;

®06 Untitled — Map o

=
J il I, — =
DNA Unlocked Text View Prefs Replica Topology Digest e Create Edit D
f Editor l Map I Features ' Annotations
Untitled
EcoRl (42) BamHi (87)
0/ 100% (3]

MacVector 12.5 Workshop

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

<

Feature Keyword: CDS

Location:

| Start 4 Stop GenBank
13 39 13..39
+ Operation: Join Tj
| Complementary
Location in GenBank Format:
join(13..39)
( Qualifiers | Free-Form
| Qualifier 4| 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;

Untitled — Map

=
|4 il S =

Digest gate Create Edit D

l

I

Editor Features Annotations

l [

Map

a’
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Untitled
EcoRl (42)

)

BamHi (87)

(3]
The Feature tab window also shows the new feature;

00%
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®o06 Untitled — Features o
M : = - —
DNA Unlocked Text View Prefs Replica Topology Create
I Editor ' Map Features Annotations

Type Starts Stop C Description
CDS 29 65

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.

Click Cloning

The new interface makes it particularly easy to construct new DNA
molecules from existing clones and vectors by selecting restriction
enzyme sites, copying the intervening fragment, then pasting into a
target molecule. Lets run through a couple of examples. For this we
will use the files pucl19 and S. coelicolor cosmid SC5A7.

Choose File | Open and navigate to the
/Applications/MacVector 12.5/Tutorial Files/Click

Cloning/ folder. Select them both (hold down the <shift> key) and
click on the Open button.

A simple cloning experiment

Inthe S. coelicolor cosmid SC5A7 window, click on the Map
tab. You will see a graphical map of the cosmid with the locations of
the cuts sites displayed. There should also be a floating palette
window with the title S. coelicolor cosmid available. If you don’t see
this, look in the Windows menu and select Show Graphics Palette.

Click on the Fit to Window button in the floating palette window. The
display should resize so that you can see the entire cosmid on a
single line. At this stage you may notice that the two Sacl sites at the
extreme right end of the cosmid have truncated labels — to display
the entire label, click in the Line Wrap edit box of the floating palette
and increase the wrap to 9.
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You should be able to see a Sacl site at 10573. Click on the site
label and it should select.

Hold down the <shift> key and select the Sacl site at 39725 (near the
end of the cosmid). Now both Sacl sites should be selected.

®06 # S. coelicolor cosmid SCSA7 — Map (@)
= =] i I & =
DNA Locked Text View Prefs Replica Topology Digest Ligate Create Edit Delete
[ Editor I Map [ Features ] Annotations l
S. coelicolor cosmid SC5A7
Bell (6400)
Xhol (1588) EcoRV (27382)
SC5A7.05
A Bell (36960)
SC5A7.01 ) SC5A7.23 L
> ¥ Xhol (17087) N Bglll (32231) Sacl (39725)
> SC5A7.03 _ i )
5 ~ Bell (14214) EcoRl (33415) Sacl (39911)
SCS5A7.22 SC5A7.32
S Bell (13899) Bell (19750) A, i
SC5A7.02 o SCS5A7.14 SCSA7.20 | 2 SCSA7.26 |  SCSA7.3{ramA ramid
o X Sacl (10573)Bcll (14337) > Jr'y A L Al
| L V
T T T T T T T T T T T T
2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 30000 32500 35000 37500 40000
A 2 — I L G . U |
SCSA7.07c pgi ¢ | zwf tal tkt SC5A7.16c¢ ] SCS5A7.21c (]  SCS5A7.30c ramR
&) SCSAT.10¢ & SCSAT.18¢ scsa7.25c()
scsa7.06c (] SC5A7.15¢ \ | scsar.zsc
. Y 4 N 1 A
4 SCSA7.08c (BC5A7.19c  SCSA7.24c(|
SCSA7.04c SC5A7.17¢ SCSA7.27c
i
|
SC5A7.29¢
0/ 100% e > <«

Choose Digest from the Edit menu (or click on the Digest toolbar
icon). This copies the fragment, along with sticky end information
and all overlapping annotations and feature information, onto the
clipboard.

Switch to the pUC19 sequence window, make sure the Map tab is
selected and click on the single Sacl site at 406.

Select Ligate from the Edit menu (or click on the Ligate toolbar
button). You should be prompted to unlock the pUC19 sequence.
This is to prevent you from accidentally modifying an important
sequence file. A ligation dialog will appear displaying the structure
of the sticky ends.
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( Fip )

@Keep _ fll O CutBack @keep _ Fll O CutBack
CCTCG6 CCGCCGAGCT
TCGAGGAGCC G6GCGGC

Target Sequence Ends

GTACCGAGCT CGGTAC
C CATGGC TCGAGCCATG )

@ Keep _ Fill :, Cut Back @ Keep _ Fill :, Cut Back
(" Ligate Anyway ( cancel ) € Ligate )

Sept 2011

The dialog shows red and green outlines around the source and target
sticky ends. This indicates that both sets of ends are compatible and

can be ligated together.
Click on the Ligate button.

The fragment from the clipboard becomes inserted into the Sacl site
of pUC19. Note that the pasted fragment retains all of the features
and feature appearance of the source DNA molecule (compare the

two screenshots).

006 # pUC19 — Map ()
L = —_— r— [
§ 4 1= ﬂ_ |1 u - s
DNA Unlocked Text View Prefs Replica Topology Digest Ligate Create Edit Delete
| Editor | Map | Features | Annotations |
m
Hindlll (29599)
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Xbal (29575)
Sacl (29558)
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& Q |
) wnama'\aﬂ\hfl (alphg) Bell (4047)
@ —
Bcll (26793) o . Pstl (4136)
Pstl (26161) & Bell (4170)
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g
) LTS
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Py w0 .
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Note the direction that the fragment was inserted. Now choose Edit |
Undo Ligate — pUC19 is restored back to its original appearance. Once
again, click on the Sacl site and choose Edit | Ligate. This time, click
on the Flip button in the ligation dialog. You should now see that the
strands in the source fragment have changed colors — the upper
strand is now blue and the lower strand is black. This provides a
visual indication that the fragment is “upside down” i.e. it has been
reversed and complemented.

Source Sequence Ends
( Flip )
./
@ Keep Fil O Cut Back ® Keep Fill ) Cut Back

CGGCGG CCGAGGAGCT
TCGAGCCGCC™— GGCTCC

Target Sequence Ends

GTACCGAGCT, CGGTAC
C CATGGC TCGAGCCATG )

) Keep Fil O Cut Back ® Keep Fill O Cut Back
€ Ligate Anyway‘» (" Cancel ) 6 Ligate *)

Now when you click on the Ligate button, the source fragment is
inserted in the opposite orientation;

006 # pUC19 — Map e
2.4 B[S O
DNA Unlocked Text View Prefs Replica Topology Digest Ligate Create Edit Delete
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Two Enzyme Directed Cloning

The ligation dialog is sufficiently aware of the compatibility of
sticky ends to know when a fragment needs to be flipped to be able
to be ligated. To illustrate this, first undo the last ligation into pUC19
(or close without saving and re-open pUC19 from disk). Next,
switch to the S. coelicolor Cosmid window and select the EcoRV
(27382) — Sacl (39725) fragment (remember to hold the <shift> key
down) and choose Edit | Digest (or click on the Digest button). Switch
to pUC19, select the Sacl (406) and Smal (414) sites and choose Edit
| Digest (or click on the Ligate button).

Source Sequence Ends

Flip

® Keep Fil Cut Back ® Keep Fil ) Cut Back
ATCCOC s C CGCCGAGCT,
TAGGCG GGCGGC

Target Sequence Ends

GGATCGAGCT GGGGAT
(CCCTAGC CCCCTA))

@ Keep Fil : Cut Back @ Keep

| Ligate Anyway ( Cancel ) (FIip&Ligate)

The ligation dialog outlines compatible ends in colors to indicate
what will happen when you click on the Ligate button. The left end of
the source sequence is always outlined in red, with the right end
outlined in green. In this case the source EcoRV and destination
Smal are both blunt cutters and outlined in red, with the compatible
Sacl sites outlined in green. Because the colors are diagonally
opposed, this indicates that the fragment needs to be flipped before it
can be ligated. The blue Ligate button text has changed to Flip & Ligate
to indicate this.

If you click on the Flip button, the dialog changes so that the source
sequence is reversed and complemented — the blue and black strands
are swapped and the ends switch so that the sticky Sacl site is now at
the left end of the source. In addition, the text of the Ligate button has
changed from Flip & Ligate to simply Ligate to indicate that no
additional flipping is required.
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Source Sequence Ends

Flip

® Keep Fil ") Cut Back ® Keep Fil
CGGCGG GCGGAT
TCGAGCCGCC CGCCTA

Target Sequence Ends

GGATCGAGCT, GGGGAT
C CCTAGC CCCCTA )

@ Keep Fil ; Cut Back @ Keep Fil Cut Back

a]

( Ligate Anyway ) ( Cancel ) ( Ligate )

Manipulating Sticky Ends

It is often necessary to fill in or cut back the ends produced by
restriction enzymes so that fragments can be blunt end ligated into a
vector. The ligation dialog lets you fill in 5* overhangs and/or cut
back 5’ or 3’ overhangs to blunt the ends of either the source or
target sequence ends.

We will illustrate this using the Sacl fragment from earlier, but this
time we will try to insert it into the EcoRI site of pUC19. Undo your
last ligation into pUC19 (or close without saving and re-open
pUC19) then switch to the S. coelicolor Cosmid window. Select the
large Sacl fragment (10573-39725), Digest it, switch to pUC19,
select the EcoRI (396) site and choose Ligate.

Source Sequence Ends

‘ Flip )
® Keep Fil ") Cut Back ® Keep Fil ) Cut Back
CCTCGG CCGCCGAGCT
TCGAGGAGCC GGCGGC
Target Sequence Ends
CCAGTG AATTCGCCAG
C GGTCACTTAA GCGGTC )
® Keep O Fill ") Cut Back ® Keep U Fill O Cut Back
( Ligate Anyway ) ( Cancel )

This time there are no outlines around the ends and the Ligate button
is disabled because the ends are not compatible. Note that the source
fragment has 3’ overhangs that cannot be filled in, they can only be
cut back, and so only the Cut Back radio buttons are enabled.
Conversely, the target fragment has 5’ overhangs, so both the Fill and
Cut Back radio buttons are active.

MacVector 12.5 Workshop 28



MacVector 12.5 Workshop Sept 2011

Click on the Cut Back radio button for the source fragment right end.

Source Sequence Ends

( Flip )
") Keep Fil ® Cut Back ) Keep Fil @ Cut Back
CCTCGOE mmmmm CCGCCG A C L
tcgaGGAGCC GGCGGC

Target Sequence Ends

CCAGTG AATTCGCCAG
( GGTCACTTAA GCGGTC )
® Keep U Fill O CutBack ® Keep O Fill O Cut Back
[ Ligate Anyway [ Cancel )

Note how the AGCT 3’ overhang is now displayed in lower case —
this indicates that you want to remove those residues.

Select the Cut Back radio button for the left end as well.

Now click on the Fill radio button for the left target end.

Source Sequence Ends

Flip )

") Keep Fil ) Cut Back " Keep Fil ® Cut Back
CCTCOE mmmmmmm CCGCCGRG C L
tcggdGGAGCC GGCGGC
Target Sequence Ends

CCAGTGaatt AATTCGCCAG
GGTCACTTAA ttaaGCGGTC

" Keep @ Fill ) Cut Back " Keep @ Fill ) Cut Back

( Ligate Anyway ) ( Cancel ) ( Ligate )

The end gets filled with lower case residues and the end becomes
outlined to indicate it is now compatible with the source left end.
You can also see that by filling in the end the target sequence will
have the sequence ...GAATT at the end. The cut back source will
start with CCT... so the ligated molecule should have the sequence
GAATTC at the junction, which will regenerate an EcoRI site. When
you click on the Fill button at the target right end, that will be
compatible with the second source end and the Ligate button becomes
enabled.

Click on Ligate — the resulting molecule does indeed have EcoRI
sites regenerated at the junctions of the two molecules (locations 396
and 29548)(shown highlighted in the screenshot for clarity).
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e 066 # pUC19 — Map o
g 2 (5. O Ik :
DNA Unlocked Text View Prefs Replica Topology Digest Create
Editor Map Features ' Annotations
Hindlll (29599)
Pstl (29591)
Xbal (295 M
58)
EcoRl (29548)
Notl (28775)

&Y

Q.\\f-_&“ oSS! (31655)  EcoRl (396) Bell (3726)
&
ﬁ Q

\ At aacvac (alphg)
39

1 \&

Lo

Bcll (4047)
Pstl (4130)
Bcll (4164)

TS
Not! (25468) g}/ .

4 (ca1
A Xhol (€914)
w7

f

=

EcoRl (23242)

Bgll (22058)

Notl (20323)

Notl (12398)
' 100% it

Pstl (13204)

Additional Information

Although the examples shown here used the Digest and Ligate

buttons, you can accomplish the same things using the Edit | Copy and
Edit | Paste functions. The differences are that (a) Copy places a copy
of the graphical image on the clipboard in PDF format as well as
copying the DNA sequence and (b) Paste only displays the Ligation
dialog if the source and target ends are incompatible.

If you click on the Ligate Anyway button, MacVector will ignore the
end information and treat all of the cut sites as if they were blunt
ended.

Whenever you paste a fragment into a target molecule in this way, a
special “frag” feature is created in the target with a note describing

the source of the segment of DNA. You can use this to keep track of
the history of your constructs.

Feature Editor

The Feature Editor was completely revised for MacVector 10 and had
additional tweaks in MacVector 11. The main aim of the change has

been to bring MacVector more in line with the GenBank standard for
annotating sequence features. Previously, MacVector correctly
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supported all of the GenBank feature types, but required you to type
in freehand text if you wanted to support GenBank qualifiers.

GenBank Feature Format Primer

Feature Key

Definition

Optional qualifiers

Comment

GenBank is the primary US repository of DNA and Protein
sequences, curated by the NCBI (National Center for Biotechnology
Information) at the National Institutes of Health (NIH) in Bethesda
Maryland. Sequences maintained by GenBank have two main types
of annotations. MacVector arbitrarily splits these up into "Features",
which we define as annotations that have a defined location on the
sequence (such as a gene or a site), and "Annotations" which are
general data associated with a sequence such as an accession
number, publications or authors.

GenBank features have a defined type such as CDS, mRNA,
promoter etc - only a limited number of types are allowed. You can
find a full description of the GenBank file format at;

http://www.ncbi.nlm.nih.gov/collab/FT/

Each feature can have one or more qualifiers associated with it. The
permissible qualifiers depend on the type of feature. For example,
here is the definition for the gene feature type;

gene

region of biological interest identified as a gene
and for which a name has been assigned;

/allele="text"

/citation=[number]
/db_xref="<database>:<identifier>"
/experiment="text"

/function="text"

/gene="text"

/inference="TYPE[ (same species) ] [:EVIDENCE BASIS]"
/label=feature_ label
/locus_tag="text" (single token)
/map="text"

/note="text"

/o0ld_locus_tag="text" (single token)
/operon="text"”

/product="text"

/pseudo

/phenotype="text"

/standard name="text"
/trans_splicing

the gene feature describes the interval of DNA that
corresponds to a genetic trait or phenotype; the feature is,
by definition, not strictly bound to it's positions at the
ends; it is meant to represent a region where the gene is
located.

Note how the qualifiers always start with a forward slash. Most are
followed by an equals sign and text in quotes. Some qualifiers have
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no additional information (e.g. the /pseudo qualifier in this
example).

You can submit sequences to GenBank using the Sequin utility,
available for download from;

http://www.ncbi.nlm.nih.gov/Sequin/

MacVector 11 has some new file saving features designed to
simplify the use of Sequin that are described in more detail later.

Adding a New Feature

You can easily create new features in MacVector 12.5, but the
procedure is slightly different than that used in versions of
MacVector prior to 10.0. To illustrate this, you could open or create

any sequence file, but we will use /Macvector 12.5/Tutorial
Files/Align To Reference/Sequence

Confirmation/SequenceSample if you want to follow along.

There are a number of ways of automatically selecting a region of a
sequence from analysis results, but for this example we will just
select a random range of the sequence in the Editor tab;

®06 # SequenceSample — Editor (@]
- — e
g & : U = ’—‘\:/‘ wo o S 267:978 7).
DNA Locked Text View Prefs Replica Topology Bloc K|Jr‘|ig Voice Verify Strands Create (712 bp) Features
| Editor [ Map ' Features ' Annotations ]

98
GAAAAAAAAC AAAGCACATG ACACTTATAA TTATGCAAAG AATCAACTTG TATTAATTGGE CCATAAAAAT AAAAGTTATA CCTCTGTAAA

AGATTTAAAT CAAAACGACA AACTCGCACT AGCACAAATA AAAACAGTGC CTGCTGETAA ATATGCAAAA CAATATTTAG ATGATCMC»"«
278
TTTATATGGT GATGTTAAAG ATAAAATTAT TTTTGCTAAA GACGTAAAAC AAGTATTAAA TTATGTGGAA AAAGGAAATG CACAGGAAGE

360
ATTCGTTTAC AAAACAGACT TATATCAACA AAAGAAAAAA GCAAATAAAG TTAAAGTCAT CCAAGAAATT AAATTAAGCA AACCAATTAC
459
TTATAAAGCA GGTGCAACTT CAGATAAAAA ATTAGCTAAA GAATGGATTA ACTTCTTAAA ATCTAATAAA GCTAAACAAA TTCTTAAAGA
548
ATATCAATTT TCTGTATAAG GAGTTCAGAG CTATGCCTGA TTTAACGTCC TTTTGGATTT CTTTTCGTGT TGCTTTAATC AGTACAATGA

636
TAGTTACTAT TTTTGGCATT TTGATTTCTA AATGGCTATA CAATAAAAAA AGATATTGGG TAAATCTATT AGAAAGTTTT ATCATTT'E;E:
CAATTGTGTT ACCACCTACT GTCCTTGGTT TTATACTATT AATTATATTT TCAACAAGAA GTCCTGTAGE AGAACTCTTT ACTMTA;S;
TACACTTACC AGTTGTATTT ACATTGACAG GTGCAGTGAT TGCATCTGTC ATTGTTAGTT TTCCCCTTAT GTATCAACAT ACAGTGAE'E;
GTTTTCGAAG TATAGATTCA AAGATGTTAA ATACTGCAAG AACGATGGGA GCAAGTGAAA CAAAAATATT TCTTAAATTCG GTGTTACE;;

996

TATCTAAACG TTCTATTCTT GCAGGTATTA TGATGAGCTT TGCAAGAGCA ATAGGTGAAT TTGGTGCTAC TTTGATGGTT GCTGGCTATA

TCCCAGATAA AACAAATACA TTGCCTTTAG AAATTTATTT TTTAGTGCGAG CAAGGGAAAG AAAATGAAGC ATGGTTATGG GTGCTT

TAGTTGCGTT TGCGGTAACT GTCATAGCGA CCATAAATCT GGTTAATCGT GATACGTTTA GGGAGGTTCGA TTAAATGCTC ACAATTAAA
TCGAATGGTGT TCTTAATCAG ACGAAAATTA ATATAAATAT AAAGCGATCAA CACCCTAAGA TATATGCGAT ACAGGGACCA TCTGGAAT

GAAAGACAAC AATTTTAAAT ATAATTGCCG GTTTGAAAGC TATAAATTAT TCATATATAA AGGTTGGTAA ACGTGTATTA ACTG}\TTE;(}

In MacVector 12.5 you simply click on the Create toolbar button to
create a features based on the current selection. The Feature Editor
will open (you will likely get prompted to unlock the sequence
before you can add a feature);
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Feature Editor

Feature Keyword: CDS "]
Location:
| Start A Stop GenBank
267 798 267..798
: + Edit Operation: Join ﬂ

__| Complementary
Location in GenBank Format:

join(267..798)

Qualifiers | Free-Form

| Qualifier 4| Comments

[ Cancel 6 oK )

By default, the region you have selected appears as the first entry in
the Location list. You can enter additional regions by clicking on the
+ button. This brings up a sheet in the dialog that lets you define the
additional segment for the feature;

Start Location:
1234 At )

Stop Location

1567 At )
Continuous (..) _:] | Complementary
Cancel ) ( OK »)

Currently, you must enter the coordinates of each additional segment
by hand. Most features just have one segment, but certain features
(such as cDs features in intron containing eukaryotic genes) make
heavy use of segments. If you do add additional segments, once you
click OK the Feature Editor will reflect the combination of segments;

Location:

| Start 4| Stop GenBank
267 978 267..978
1234 1567 1234..1567
+] Edit Operation: Join _C]

Location in GenBank Format:

join(267..978,1234..1567)
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Note that the Location in GenBank Format field displays text showing
how GenBank would represent the feature co-ordinates - you can use
this to double-check that the feature has been created correctly and
also to understand a little more about how GenBank represents the
location of features on a sequence.

In MacVector 12.5 you can also create multi-segmented features by
creating a series of individual features, then selecting them all in the
Features tab and clicking on the Join button

You can select one of the lines the Location list and click Edit to
change the co-ordinates of that segment.

You can click on the Feature Keyword popup menu to choose a
different feature type for this feature, or you can type the name of a
feature type in the box (partial names will jump to that section of the
popup menu). Note that MacVector lets you type invalid keywords
into the box, but will not enable the OK button until you have
selected a valid keyword.

Feature Qualifiers

There are two ways of adding name/text information to a Feature. If
you have used earlier versions of MacVector, you may be used to
just adding a simple text description to a feature. You can do this in
MacVector 11 using the Free-Form tab. Any text you enter here will
normally get added to the Feature as a /note= qualifier.

Qualifiers | Free-Form

My description goes here

However, if you are comfortable with the GenBank format, you can
type in qualifiers as free form text;

Qualifiers | Free-Form |

/bound_moiety=echinomycin; /gene=tet|

If you want to follow the GenBank recommendations for describing
features with qualifiers and are not comfortable with the qualifier
format, use the Qualifiers tab. Adding feature qualifiers is very
simple. Click on the + button underneath the Qualifiers list;
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{Qualiﬁers | Free-Form '

| Qualifier 4| Comments
&  /bound_moiety echinomycin
/gene tet

Edit

The Qualifier sheet opens. Select an appropriate qualifier from the
drop down list. You can type the first letter of a qualifier to quickly
select it. Note that only the qualifiers that are allowed by the
GenBank specification for the feature type are available in the list.

e f Feature Editor L

=

Qualifier: /note

Comments: _ /label i
/locus_tag I
/map @
/number A
/old_locus_tag Y

" Cancel

Then type any text into the comments box that you want associated
with the feature. You can continue to add different qualifiers to the

list;
(" Qualifiers | Free-Form
| Qualifier 4| Comments
&  /bound_moiety echinomycin
/gene tet

Add /gene and /1abel qualifiers, click OK and return to the Map
tab. You will see that the feature has been created and displayed
using the default symbol for that feature type;
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006 # SequenceSample — Map o
= 2

DNA Unlocked Text View Prefs Replica Topology Digest Ligate Create Edit

Editor Map I Features l Annotations 1

SequenceSample

Bell (2971)
EcoRV (1392) Fspl (2973)

Bell (172) Sspl (877) Sspl (2680) Hindlll (3074)

/gene=This is a gene; /... I

Xhol (3258)
/gene=This is a gene; /label=My ... L
Xho! (1865)

Sspl (164) Sspl (1669) Bglll {184
ORF 1 N ORF 2
d ) e——

300 600 900 1200 1500 1800 2100

0/ 100% 3]

Mandatory Qualifiers

Some feature types have mandatory qualifiers — in those cases,
MacVector will automatically add the appropriate qualifier(s) when
you select the feature type. For example, try creating a feature of
type conflict. You will see that two mandatory qualifiers are placed
in the Qualifiers list. There is a small lock icon placed next to them,
indicating they cannot be removed.

(" Qualifiers | Free-Form '

| Qualifier 4| Comments
&  /citation
&  /compare

+]

You should edit each qualifier and add appropriate comments before
saving the feature, although MacVector will not force you to do this.

Displaying Qualifiers in the Map using Meta Tags

By default, the Map tab displays the full description as the label for
the feature. However, as shown above, this can be very inconvenient,
leading to rather long truncated labels. MacVector lets you use the
comments associated with individual qualifiers as the label. Double
click on the new cDs feature we created earlier to open the Symbol
Editor for that feature;
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Symbols for SequenceSample

Features | - ] Appearance
v CcDs N -
267.978 /gene=My special gene; /n... Style: ::> Hollow Arrow | '
483:1154 ORF 1
11551775 ORF 2 ML Color: [l ~  pattern: [ -

1234:1567 /gene=My special gene; ...

1851:2852 ORF 3 ™ PEN: Color: - ~ Thickness: 0.5pt | 3]
b conflict

Label

™ Show label:  <Description> = Color: - d
Font: Geneva 9.0 pt (Set)
Orientation: Above Center 7} Horizontal ?]

Position

™ visible Level: Above or Below | C]
(_Defaults ' ([ Apply ' (_Cancel . 6—0!(—9

Note in this case we created a segmented feature, so both features are
initially selected in the Features list. Note how the Show Label field is
set to the text <Description>. This is an example of a “meta-tag”
that MacVector uses to display information dynamically retrieved
from the feature. In this case, the text <Description> gets
replaced by the entire description associated with the feature. This
will be a concatenation of all the qualifiers and their comments. To
replace the displayed text with just the comments associated with
one qualifier, change <Description> to <gene> and click on the
OK button.

The label for the new feature changes from

/gene=My Special Gene; /label=My ...

spl

to

My special gene |

Similarly, if you use <label> as the Show Label text, the comments
from your /1label qualifier will be used.

These meta-tags are very useful for showing specific information in
the Map view labels. In addition to qualifier names, the following
additional meta-tags can be used;

<Description> or <Desc> - display the entire description
associated with a feature. If the description contains just a
single /note qualifier, then the only the value of the /note
qualifier is substituted.

<Start> or <start> - substitutes the co-ordinate of the start
location of the feature.
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<Stop> or <stop> - substitutes the co-ordinate of the stop
location of the feature.

<Type> - substitutes the name of the feature type (e.g. CDS or
misc_feature).

<Size> or <Length> - substitutes the length of the feature in
residues.

<Total> - substitutes the total number of cuts for this
Restriction Enzyme

<Index> - substitutes the number of this Restriction Enzyme
cut.

You can combine meta-tags along with free text in the Show Label
field to display a lot of useful information. So, for example, typing
the text <gene> (<start> - <stop>) will show our new feature
as;

My Special Gene (267 - 978)

Similarly using the text <Description> (<Start>)
[<Index>/<Total>] for Restriction Enzyme Results will create
labels like this;

Fspl (1456) [3/4]

If you consistently use the same set of qualifiers for your sequence,
or if you primarily use sequences downloaded from the NCBI, where
most sequences are consistently annotated, you might want to always
show features labeled by their appropriate qualifier. To do this, hold
down the <option> key and select Options | Default Symbols — this opens
the default Symbol Editor. (Without the <option> key, this opens the
Symbol Editor for the current sequence). For our example, make sure
you have the Features popup selected, then scroll down to the cDS
feature. Finally, type the new meta-tags you want in the Show Label
edit box and use the opportunity to change any other default
appearance information you want;
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Default Symbols

Features -2 , Appearance
$22??
e Style: | ———2 Hollow Arrow
#-10_signal
#-35_signal W FILL: Color: [j v Pattern: )
#3'clip .
BIUTR ™ PEN: Color: - ~ Thickness: | 0.5pt |+
8S'clip —
#5'UTR Label
# ACT_SITE
Rallele ™ Show label:  <gene> Color: hd
# attenuator - 9 -
#BINDING Font: Gill Sans 11.0 pt " Set

#C_region
#CA_BIND
BCAAT signal
# CARBOHYD

Orientation: Above Center | 3, Horizontal | :’

2CDS Position

#CHAIN

#COILED ™ Initially visible  Level: ~ Above or Below | C]
#COMPEIAS —
eonflict

#CONFLICT a — _—

%0-loop . ( Shipping Defaults ) (Cancel ) € OK )

Click OK. From now on all NEW sequences you create (including
any sequences you download from the NCBI, or read from disk in
non-MacVector format) will use this information to display the
feature in the Map tab. Existing sequences saved in MacVector
format will override this information with their own default settings.

Searching Sequences and Features

MacVector 10 introduced a new 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 12.5/Sample
Files/Human Mitochondrial Genome. Select the Editor tab,
then choose Edit | Find. The new Find dialog opens set to the Sequence

tab.
®OC Find
Feature | Sequence ' Results
Find: | [P
Replace: [ o
% Search from: 5'End _ﬂ
_1 Compl t ™rF d
- ompiemen Strand: Plus —C] Phase: All —C] - orwar
__ Reverse g g | Literal

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,

MacVector 12.5 Workshop 39



MacVector 12.5 Workshop Sept 2011

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: ATC

Replace: |

b 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: |

%

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

A new capability introduced with MacVector 10 is the ability to
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;
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®en0n Find

{Feature | Sequence  Results ]

Find: NADH

(&

(5]

Feature: Any

Qualifier: Any

(&

] Only search in currently selected features

( All ) (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";

006 Human mitochondrial genome o

& B B )

DNA/RNA Locked TextView Prefs Replica = Add Feature Edit Delete

Map

AAr (T3555) |

|
| [l (639) Sehl (1864)

|
Kpnl (15557) \

\ ! [ | |
\ | | sacl (1996
Kenl (15476) | | | | Jeni (B30 Sal1936)
\\ ! { / | [onl (2001)
Xhol (14379) | el rsgien ]‘zs || [ [Xon (
3 Rg | |/ Pwull (2076)
Pacl (14211) ¢ NA Y Ve ™
) Xbal (2377)
© . EcoRV (2605)
BamHl (13682)
Bell (3082)
‘% EcoRl (3545)
2 . Apal(3855)
g Human mitochondrial genome -
- 16570bp -
EcoRV (12297) g
EcoRl (12064) :
Hindlll (11994) g EcoRl (4698)
Pacl (5065)
Bcll (11345)
% 2 . Hindil (5627)
Hindlll (11104)
9% '9 / 9% » (’6
% “‘ | ‘ . EcoRV (6160)
| [ I 0\;‘
'.‘% Con | |\ <)\ Pstl (6338)
‘ o8 || '
| pase® | |
T (3540) [ ATPascATPasT,” | xpal (6864)
Sacl (9071) [ | | |
| [\ Bcll (7081)
Apal (8693) | | |Aeal(7E7?) '
Pstl (8448) |  Xoal(7210) v
' 100% l:] y

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

41



MacVector 12.5 Workshop Sept 2011

Symbols for Human mitochondrial genome

Features -4 ] Appearance

» CDS .

v gene Style: ' > Hollow Arrow
72:1025 12S rANA
1095:2653 168 rANA M FILL: Color: ] ~  Pattern:
27313687 NADH1
3884.4537 NADH2 ™ PEN: Color: - ¥ Thickness: 0.5pt ﬂ
5328:6868 COI —
7010:7683 COIl Label
7790:7996 ATPase 8 —
7851:8631 ATPase 6 . i . -
a831.9413 COII ¥ Show label: Mixed Color: -
84835827 NADH3 . : : o)
585410150 NADHAL Font: Lucida Sans Italic 9.0 pt _Set
10184:11560 NADH4 : : .
1176113572 NADHS Orientation: = Above Center _C] Horizontal ﬂ

€13573.14087 NADH8 N

14171:15310 cytB Position

»-misc_feature

» mANA @ Visible Level: On Sequence T]

»-rep_origin

» rRNA

b source e

» tANA (_Defaults ) (_Apply ) ( Cancel ) G—OK—a

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 12.5/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 MS1Q 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.

{ Feature = Sequence Results

Find: MSIQ l]

Feature: CDS E'

Qualifier: /translation 3
" 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".

MacVector 12.5 Workshop 42



MacVector 12.5 Workshop Sept 2011

006 pBR322
Z 8 BB % /O

DNA/RNA Locked TextView Prefs Replica = Add Feature Edit Delete

[Ehior | Map | Features | Annotations |

Type I Starta Stop G Description

/citation="[16]"

[replace="t"

/note = revision according to [16];
repeat_region 3148 4361 /note = transposon=Tn3
repeat_region 3148 3185 [rpt_type="inverted”

/note = corresponds to one of the 38bp repeats
found in Tn3 (bp 1-38 and complement

gene 3293 4153 C /gene="bla"
/codon_start="1"
/db_xref="G1:455370"
/gene="bla"
/product="beta-lactamase"
/protein_id="AAB59737.1"
/

translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVI
KDAEDQLGARVGY
IELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRVDA
QEQLGRRIHYSQNDLVE
YSPVTEKHLTDGMTVRELCSAAITMSDNTAANLLLTTI
GPKELTAFLHNMGDHVTRL
DRWEPELNEAIPNDERDTTMPAAMATTLRKLLTGELL
ASRQQLIDWMEADKVAGPL
LRSALPAGWFIADKSGAGERGSRGIIAALGPDGKPSRI
YTTGSQATMDERNRQIA EIGASLIKHW"
/trans|_table="11"

note = E-286;

mat_peptide 3296 4084 C /gene="bla"
/product="beta-lactamase”
sig_peptide 4085 4153 C /gene="bla"
RBS 4161 4165 C /note = Shine-Dalgarno sequence
promoter 4188 4194 C /note = promoter P3 [6]
misc_binding 4268 4271 C /bound_moiety="echinomycin"
misc_binding 4280 4283 C /bound_moiety="echinomycin"
misc_bindina 4285 4288 C /bound moietv="echinomvcin"

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 Analysis Toolbar

One of the first things existing MacVector users notice when starting
MacVector 12.5 for the first time is the presence of a new floating
toolbar that runs across the top of the screen.

" @ MacVector File Edit Options Analyze Database Window Help G @ D ) @& 98% Thu
£ 6 ® & 8 & = 4 - & ™ Pe

RE Search NA Subseq. ORFs Base Comp. NAToolbox Translate Rev. Transl. Transcript Prot. Enzyme Prot. Subseq. Prot Toolbox Matrix Clustalw Align to Ref. Primer Align to Folder Auto-Annotate BLAST Entrez

The toolbar is designed to allow ready access to the analysis
algorithms. 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
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functionally identical to selecting the corresponding item from the
appropriate menu.

Customizing the Analysis Toolbar

You can control which buttons appear in the 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.

v lcon & Text

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;

Drag your favorite items into the toolbar...

Entrez Matrix New Open
Primer
- & '-E - - ] % — -
Vector NTI Import Customize Flexible Space Print
Separator Space
... or drag the default set.
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 and CrossMatch 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
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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...

s B N @ B o S I T
= — M = =
Align to Folder Align to Ref. Auto-Annotate Base Comp. BLAST Blocking Create DNA Matrix DNA
- o A o sz 2 m
e =, &= : -3 @& v, et
Entrez Features Find Primer Pair  Find Seq. Primer Locked Matrix NA Subseq. NA Toolbox New Open ORFs
= & . =
a - 8 < - Jis occco <
d - €3 i = - s _'!_
Prefs Primer Primer3 Range RE Search Replica Save Strands, Test Primer Pair  Test Seq. Primer
- = n 2 .
O =5 [} o P9 % — A =
Text View Topology Transcript Translate Translations  Vector NTiImport  Voice Verify Customize Flexible Space Fonts Print Separator
Space
... or drag the default set.
jiary ‘n & D) o— = -
& E O o—— W <= & &,
DNA Locked TextView Prefs Replica Topology : Blocking Voice Verify Strands Create Range Features
Show  Icon & Text +) ™ Use Small Size ( Done )

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;

\5 ICU A { ) —_—l g 6Ceco -~ [ I
g\ - . g vy g Lyt \:\N/ { e g ! *‘YJv
DNA Locked Text View Prefs Replica Topology élocking Voice Verify Strands Create Range Features

To something like this if you like to do a lot of editing and analysis;

- 2 p— o " r 1 .
g o4 Lo S X & whoe O <,
DNA Strands Create Save Print RE Search NA Toolbox 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.

Changes to the Trace 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.
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e 06 _ AD4a.scf — Trace (@]
L S TEER —_—
el — A 1

g 8 3 LlE -9 .l &,

DNA  Locked Text View Prefs Replica Width Channels Basecalls Qualities Range Features
l Trace ' Map l Features ' Annotations 1
—_> 10 e 30 40 2

A AC GT CCT TGAACGTTACGT TTTCGTTCCATTGEECCCTCAAACCCCATT ATTAAC
240— A P| r|

220 \|

200 ‘

180

160

140 ‘ H

T60- |
30— |‘ \Il Ill'll | | || ||\[|
I 4 1\ ’I..' I vl \\ﬂ
]
20— U| | 5‘

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.

| || 1 '”'|I”\ H “l . I.'III \/\/ J | f Hl ‘|‘ Y f
U " ‘\Hll || { \ﬂ W " [ | l‘ Y ||‘ '.‘
| s N Jlu.“”u,“l"“' lJJ

Py

Trace Colors

A new feature added in MacVector 11 is the ability to 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.

® o n Colors (=)
— e o . 7
iy QA G R = ®)

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

Sequences Traces

Referenced: MM  Left End: || A: -‘ G ‘- N: |:‘
Complement: “: Right End: -‘ T: -‘ G: l-

Numbering: !4

(_ Defaults ) Apply

Click on one of the color buttons to bring up the standard system
color selector that allows you to set the new color.
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The Editor tab shows the familiar multiple alignment editor from
previous versions. However, starting with MacVector 10, all of the
result windows have been added to the editor window using tabs. In
the same way that the different tabs in the single sequence window
are just different views of the same underlying data object, the views
in the multiple sequence alignment window are just different
formatted views of the same underlying multiple alignment data.

Editor Tab

This is essentially identical to the original multiple sequence
alignment editor window. All of the toolbar items have the same
functions as the equivalent items in MacVector 9.5 and earlier except
for the following;

* Views - this replaces the old Results button that previously
defined which result windows would appear, and also
allowed you to create a new sequence from the consensus.
The dialog displayed is identical to before, except that now
the dialog controls which tabs are active in the alignment
window. Normally, you can leave all of the tabs active, but if
you are analyzing large numbers of sequences or particularly
long sequences you may want to turn off some of the tabs as
the text in them (particularly the pairwise alignment tab) can
take some time to be generated.

* 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.

Text Tab

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.
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Prions

i
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Protein Locked Align Phylogeny Views Prefs Replica

l Editor

] Text [ Pairwise ] Matrix

I

Picture

l

ClustalW (v1.83) multiple sequence alignment

12 Sequences Aligned
CGaps Inserted = 48

Alignment Score = 8
Conserved Identities = 185

Pairwise Alignment Mode: Slow

Pairwise Alignment Parameters:
Open Gap Penalty = 18.8 Extend Gap Penalty = 8.1
Similarity Matrix: gonnet

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

Processing time: 18.4 seconds

NGHT MNKY
W

GOAT

GRN MNKY

GORILLA

HUMAN

MOUSE

PIG

ORANGUTAN

SHEEP

SQRL MNKY

Kupu

NGHT MNKY
oW

GOAT

GRN MNKY
GORILLA
HUMAN
MOUSE

PIG
ORANGUTAN
SHEEP

Pairwise Tab

I

--------- MLVLFVATWSDLGLCKKRPKPGG-WNTGGSRYPGQSSPGEN

MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGEN 5
MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGEN 5
- -MANLGCWMLVWFVATWSDLGLCKKRPKPGG-WNTGGSRYPGQGSPGEN 4
TWSDLGLCKKRPKPGG-WNTGGSRYPGQGSPGEN 4

- -MANLGCW!
- -MANLGCW

VLF
VLFVATWSDLGLCKKRPKPGG-

MVKSHIGSWILV
- -MANLGCWMLY
MVKSHIGSW

SRYPGQGSPGGN
SRYPGQGSPGEN
SRYPGQGSPGEN

RYPPQSGG- -WGQPHGCEWGQPHEGEWEQPHGGEWEQPHE -GG
RYPPQGGG- GWCGQPHGGEWGQPHEGEWGQPHEEEWEQPHEEEE
RYPPQGGG- GWGQPHGGEWGQPHEGEWGQPHEEGWEQPHEEEE
RYPPQGG------vvmmmmm - GCWGQPHGGEWGEQPHGGEWEQPHE -GG
RYPPQGGG- - -GWGQPHGGEWEQPHGGEWEQPHECEWEAPHE -GG
RYPPQGGG- CWGQPHGGEWGQPHEGEWGQPHEEGWEQPHE -GG
RYPPQGG- - TWGQPHGEGWEQPHGESWEQPHGESWEQPHG -GG
RYPPQGGG- - -GWGQPHGCEWEQPHGCEWEQPHEGEWEQPHEGEE
RYPPQGGG-------- CWGQPHGGEWGQPHEGEWGQPHEGEWEQPHE -GG
RYPPQGGG-------- GWGQPHGGEWGQPHGGEWEQPHGCEWGEQPHEEEE

TGGSRYPGQGSPGGN 4
- -MANLGYWLLALFVTMWTDVGLCKKRPKPGG-WNTGGSRYPGQGSPGEN 4
MVKSHIGGWILVLFVAAWSDIGLCKKRPKPGGGWNTGGSRYPGQGSPGEN 5
- -MANLGCWMLVLFVATWSNLGLCKKRPKPGG-WNTGGSRYPGQGSPGEN 4

Sept 2011

(@]

This displays all combination of sequences aligned against each
other as pairwise alignments. It is unchanged from MacVector 9.5.

Matrix Tab

This shows the % similarity and % identity of each sequence to
every other sequence in the alignment, displayed as a matrix. Again,
this is unchanged from MacVector 9.5.

Picture Tab

—1

This displays the equivalent of the Picture window from MacVector
9.5. It is also unchanged from MacVector 9.5, although if you want
to save the image to a disk file, you should choose File | Export, a
new option in MacVector 11 that lets you save the data displayed in

the tab view, rather than the underlying multiple sequence alignment
document. This works for the test based tabs as well, Alternatively,

you can either 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).
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Guide Tree Tab

Profile Tab

Interactions
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This displays the guide tree used by ClustalW to choose the order
in which it assembles the multiple alignment after the pairwise
alignment phase. (If the tab is not active, you may need to open the
Views dialog and select that option).

New for MacVector 11 is a Profile tab that 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 uses the Transfac format, so
you can save this information (using File | Export) 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 spaces from the
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beginning of the NIGHT MNKY sequence. 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 (you
may need to toggle between tabs to get the Editor and Picture tabs to
refresh - this will be fixed in the next release).

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. This
approach ensures the views are only updated when you are ready to
look at them.

Additional Algorithms

In addition to Clustalw, MacVector 12.5 also supports the popular
Muscle and T-Cof fee 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.

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 12.5/Documentation/Sequence
Confirmation Tutorial.pdf. The functionality has been
updated in MacVector 11 to let you align cDNA files to a genomic
sequence — you can use this new functionality to quickly identify
splice sites (described in more detail below).

Sequence Confirmation

The Sequence Confirmation window now uses tabs. Open the file
/MacVector 12.5/Tutorial Files/Align To

Folder/Sequence Confirmation/SampleSequence.Choose
Analyze | Align To Reference;
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006 SequenceSample Assembly — Editor e

[ 1 AGCT n W 3,

\ ERLY =S - 2 T © g 2
Unlocked Text View Prefs Replica Add Seqs Remove Seqs  Align Translations Show Dots Add Feature Width First Mismatch Next Mismatch

| Editor | Map ] Features ' 1 Text
SequenceSample cmcwcuzmcﬁc;«n-ATMTTA-CCWCMTCMCHCMTTMTchtCATMTwmAMtcTcTcTwanwrtfw
Consensus:
Click onthe "+" buttonto add sequencestothe assembly

o <

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. 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 Segs

button, navigate to the /MacVector 12.5/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;
06 SequenceSampIe Assembly — Editor (an)
Il AGCT gl Wb =
il AR=E =R 0 i —— g e
Unlocked Text View Prefs Replica = Add Segs Remove Seas Align Translations Show Dots Add Feature ”Mx”” First Mismatch  Next Mismatch
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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 _3]

Residue Scoring Alignment Parameters
Match: 2 Hash Value: g
Mismatch: -4 Sensitivity: 4 ﬂ
Ambiguous Match: 0 Score Threshold: 50
Gap Penalty: 3 X Dropoff: T

' Defaults ) (_Cancel w € ok )

Click on OK and after a few seconds the Editor tab will refresh to
show the aligned sequences;

®e06 SequenceSample Assembly — Editor (=)
[ iy} ~ AGCT Tl cofii v 3
I =] a I S5A 0 AGCT S H@KHH i e
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E04b.scf D |[CAAARARAACAAAGCACATGACACTTAT - AATTATGC - ARAGAATCAACTT - GTATTAATT AAAAR- TAAAAGTTATACCTCTGTAARAGATTTAAATCAAAACGACA
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Although some of the toolbar buttons have direct counterparts in the
earlier MacVector 9.5 Sequence Confirmation window, there have been
a number of changes.

* 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.

* Align - this replaces the old Recalculate button, but otherwise
has the same function.

* Translation - If you click on this the display will change to
show the three or six frame translation of the reference (top
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line) sequence displayed directly under the consensus
sequence;
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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 - all gaps are ignored so that
caa-TTC will still be reported as an Eco RI site.

* Show Dots - this is unchanged from MacVector 9.5 and

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 - this toolbar button replaces the old floating

Find Mismatch dialog window. 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;

MacVector 12.5 Workshop

7 EGR R & R
‘TCARCARGARGTCCTGTAGGAGARCTCTTTACTARTATCTTACACTTAC
‘TCARCAARGARGTCCTGTAGGAGAATTCTTTACTARTATCTTACACTTAC
. ¥ L * N L | YT
F N XK K s CR R I_L VY * VY L T L1
S TR SSPWYGEFTFTMHN 1 LHL
¥ C 5 TR Y S F EKS | D % Y %
E VYL LGTPSHNIKWVL I KCKIC
. LLFDOLWL I R * *% ¥ R ¥ g ¥
‘TCARCARGARGTCCTGTAGGAGARTTCTTTACTARTATCTTACACTTAC
‘TCARCAAGARGTCCTGTAGGAGAATTCTTTACTARTATCTTACACTTAC
‘TCARCARGARGTCCTGTAGGAGARTTCTTTACTARTATCTTACACTTAC

ATNTCTAACACTTAC

¢ Next Mismatch - this button searches from the current

cursor/selection location to the find the next mismatch (5' -

3.
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Text Tab

06 SequenceSample Assembly — Text o
N — AGCT

W 9 EEl accr

Unlocked Prefs Replica Show Dots

Editor I Map ' Features ' Annotations I Text

SequenceSarple

Consensus

€84a.scf
E84b.scf
ForwardPrimer.scf
65b.scf
HO3b.scf
BO2b.scf
G85a.scf
FB5b.scf
HO3a.scf
F88b.scf
B18b.scf
B82a.scf
D12b.scf
Bllb.scf aggggtttgagggccaatggaacgaa
FB5a.scf CCATTGTTGATANAAA-TACATTGAA
FB8a.scf

C
H1Ba.scf C
BlBa.scf C
F89b.scf C
Di2a.scf c
GB9a.scf c
Blla.scf c
HB5b.scf
H18b.scf
F8%a.scf
DBlb.scf
GB9b.scf
ReversePrimer.scf
ABAb.scf
HB5a.scf
DBla.scf
ABda.scf

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.

cDNA Alignment

As well as being able to align traces against a template, Align to
Reference has the ability to align a sequence against a reference with
unlimited length gaps. That makes it ideal for aligning cDNA
sequences against a genome, even using the raw chromatogram files
from random cDNA clones.

MacVector also has some useful shortcuts for annotating the
alignments — lets look at a simple example.

Choose File | Open and select /MacVector 12.5/Tutorial
Files/Align To Reference/CFTR/CFTR.mv. This is the
human cystic fibrosis transmembrane regulator genome locus. If you
switch to the Map tab you will see that the coding region is annotated
as a series of individual segments; (you may need to click on the Fit
to Window button in the floating graphics palette to get all the features
to display on a single line)
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006 # CFTR.mv — Map o

& = qF @

DNA Locked TextView Prefs Replica Add Feature Edit Delete

P > e

CFTR.mv

CFTR CFICFTR CFCETRCFTRIFTR - CFTR CECETRTRCFTRTR'CFTR  CFTR CFTR CFTR  (CFTRY

[ L (011 I S

13200 26400 39600 52800 66000 79200 92400 105600 118800 132000 145200 158400 171600 184800

a0/ 100% & D>

Choose Analyze | Align to Reference then click on the Add Segs button
and select BC156254 in the file browser;

Enable: All Documents m
(«») Em) [ CFTR [ Q search
B Dubyas Dad } Name 4| Date Modified
o # AY299332 10/8/08
@ iisk # AY608405 10/8/08
) BarackHD # AY916796 10/8/08
T4 LaptopHD Ei BC156254 10/8/08
— # CFTR.mv 11/21/08
g Desktop # HUMCFTRM 10/8/08
. # NM_000492 10/8/08
@ kendall ¥ NM_0010071 10/8/08
A Applications # NM_0010329 10/8/08
- 5o # NM_0010799 10/8/08
(A Documents on ... ¥ NM_0010827 10/8/08
[ Public # NM_0011126 10/8/08
[ uiltes # 0cu40227 10/8/08
_ Dropbox

i

(Cancel) (e
A

Click on the Align button and make sure you have the cDNA Alignment
type selected with the default parameters;

Align to Reference Parameters

Alignment Type: cDNA Alignment %

Residue Scoring Alignment Parameters

Match: 2 Hash Value: 6 B‘

v
Mismatch: -4 Sensitivity: 4 03:

Ambiguous Match: 0 Score Threshold: 30
Gap Penalty:

w

X Dropoff: 10

Diagonal Scoring

Minimum Score: 25

Max Diagonals: 50

(o) (Ganeel) (@06

After the alignment has completed, switch to the Map tab.
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006 CFTR Assembly — Map o

ZdBES &

DNA Unlocked Text View Prefs Replica Add Feature Edit Delete

Editor Map I Features ' i 1 Text ]
CFTR Assembly
BC156254 BC1BC156254 BCBC]562545625462540156254 B(BC1562548C1 56254:54562548C1 56254 BC1562'8C1 562548C1 562544
CFTR CFTCFTR CFCETRTCFTRCFTR  CFTR CRCFTRFTR CFTRTRTICFTR  CFTR CFTR  CFTR  (CFTRR
4 14 840 8 8
' 100% =-yre—_ D>

This displays a graphical overview of the alignment — it can be seen
that BC156254 aligns in 27 segments, where each segment
corresponds exactly to one of the CDS segments already annotated in
the CFTR sequence. We can see that the alignment is correct to the
base pair by looking at the Editor tab. Switch to the tab, then scroll so
that the first segment is visible in the window. Double-click
anywhere in the aligned segment. Note how the selection is extended
to the ends of the aligned segment (the gray residues represent a
region of BC156254 that has no similarity to CFTR);

006 CFTR Assembly — Editor o
~ AGCT n "
g [ J. T 0 AGCT a9 (\_/‘ B2 "l'-{
Unlocked Text View Prefs Replica Add Seqs Remov gs Align Translations Show Dots Add Feature First Mismatch Next Mismatch
‘ Editor Map l Features l Annotations ! Text ]
CFTR||(7GAGCCCAGACGECCCTAGCAGGGACCCCAGCGLCCGAGAGACCATGCAGAGGTCGLCTCTEGARAAGGLCAGCGTTGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACE
Consensus: ACCATGCAGAGGTCGCCTCTGGAARAGGCCAGCGTTGTCTCCARACTTTTTTTCAG
BC156254 » ACCATGCAGAGGTCGCCTCTGGAARAGGCCAGCGTTGTCTCCARACTTTTTTTCAGS - - - - - - - - -
(&) <>

If you switch back to the Map tab (or open a second Replica window
set to the Map tab) you will see that the first BC156254 segment is
now selected. This selection works both ways — you can click on a
segment in the Map tab and have the corresponding region select in
the Editor tab. NOTE: You must hold down the <option> key and click
on a graphical segment to select individual segments. Without the
<option> key, a click will select ALL of the segments.

Note that the gap representing the “intron” in the BC156254

alignment is displayed using <- - - - - - >. You can double-click in
this region to select the “intron” region between two aligned
segments;
006 CFTR Assembly — Editor o
8 ap D 0 pocT = O Lo =
Unlocked Text View Prefs Repl‘i:a Add_Seqs R Align Translations Shm;‘Duls Add F_ea!ure T/ FlrstIV.H»sma(ch Nex(l&li’smal(h
‘ Editor , Map _ ' F_eélrums ' Annotatl_orvs ' - Text

178 186 156 266 216 226 236 248 256 268 278 28¢

CFTR| (|6 TCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGC TTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGETTGGGTTTGGGGTARAGGAATAAGCAGT:
Consensus: |[GTCTCCARACTTTTTTTCAG

BC156254 »|||6TETCCAAACTTTTTTTCAGEE s
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With the region selected, it is easy to add the selection as an intron
feature to the alignment. Click on the Add Feature button, choose
intron as the feature type and give the feature a name (e.g. “intron

1 ”)
Feature Editor
Feature Keyword: intron q
Location:
| Start 4| Stop GenBank
186 24290 186..24290
+ Edit Operation: Join ﬂ

" Complementary
Location in GenBank Format:

join(186..24290)

Qualifiers | Free-Form ‘

intron1l

( Cancel ) @

After dismissing the dialog, press the <tab> key — the Editor refreshes
and the next “exon” segment is selected. Press <tab> again and the
next “intron” segment becomes selected. You can then create a
second intron feature and continue this way until you have
annotated all of the introns in the alignment (to move backwards,
hold down the <shift> key while pressing <tab>);

06 CFTR Assembly — Map o

DNA Unlocked Text View Prefs Replica Add Feature [

Editor Map I Features I Annotations ' Text

CFTR Assembly

intron1 intron2 intron 3 introintron 51 6ronintron 8 intron 9 _intron 10

[ ]l | | — ] — |
8C156254 BC1562548C1 56254 BC1568C15625452541 BC156254  BC156254

CFTR CFTR CFTR CFTR CFTRCFTR CFTICFTR CFTR

ot ) |

0 30400 34200 38000 41800 45600 49400 53200 57000 60800 64600 68400 722

a/100% "
The algorithm tries to follow the GT..AG rule for introns when
identifying the ends of the aligned segments. Studies have found that
the majority of splice sites have the sequence GT at the 5’ (donor)
end of an intron and AG at the 3’ (acceptor) end. This can be seen
looking at the ends of the first intron;
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y O 3 4

) A
A ;

"-‘.‘?‘.Q A':-:.“ .'.‘v.'.;_‘-:". L%,
TTTTTCAGETCACGAACGE TTATTTTAGCTCGCACC
TTTTTCAG CTCGCACCY
TTTTTCAGS- - - - - - - =>CTCGCACCY

If you zoom the Map tab in to residue level, you can see that this
exactly corresponds to the annotated CFTR cDs feature;

006 CFTR Assembly — Map =)

DNA Unlocked Text View Prefs Replica Add Feature Edit Delete

Editor Map I Features I Annotations ' Text ]

CFTR Assembly

intron1

———————

BC156254 .
/

CFTR

3

CTGGAAAAGGCCAGCGTTGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGC

0/ 100% 3]

Preferences Panel

A major change for MacVector 10.5 was the addition of a new OS X
style Preferences Panel. This can typically 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.
e0o0 General (=]
i 7 & & ® p = (®)

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

Appearance & Behavior Settings:

W Use click-through toolbars

File Settings:

Line Endings: Classic Macintosh (CR) ﬂ
B

Quality Score Encoding: Sanger/Phred (range 33 to 93)

General

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

This is the equivalent of the Options | Format Aligned Display... dialog
from earlier versions of MacVector.

Colors

This is the pane we saw earlier that lets you change the colors used
in various places throughout MacVector.

® 60O Colors (=)

A - QA A 7 = @

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

Sequences Traces

Referenced: M|  Left End: *i— A: h—j G: h- 7— N: hi—

, , . [ I
S | e -‘ G: |

Numbering: !4

(_ Defaults ) Apply

Fonts

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

e 060 Fonts (=)

.a] ' o A7 ® 5 = ®

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

¥ Enable anti-aliasing

Result window font Editor window font
Font: Andale mono [ ! Font: Andale mono I3 !

Size: (10 |+ Size: (10 |+

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.

Added in MacVector 11 was the ability to select the size of the font
used by the text result windows. NOTE: If you are having problems
with misalignments when you print text windows, change the font
here to Andale Mono.

Internet

You can configure MacVector to use a local BLAST server if it
conforms to the NCBI QBLAST specification. This pane lets you
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License

Map View

Software Update

Text Display

MacVector 12.5 Workshop
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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.

|'80’A‘ ‘ License ="
a 2 O A E @

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

; License v 1234501 (Single Copy) Kevin
| 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

This is the Map tab preferences pane described in an earlier section.

MacVector doesn’t currently have a fully automated software update
facility. However, it can check with the MacVector web site to
determine if there is a new version available and also to display any
other information that may be of interest. That might include
workarounds for bugs, availability of new documentation, utility
programs or data files. You can safely leave this turned on because
MacVector does not submit any personal information when it checks
for any changes, but simply loads a static file from the web site.

This is the equivalent of the Options | Format Annotated Display... dialog
from earlier versions of MacVector.
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Changes to Primer Design

Mac Vector 10 introduced a new primer design module based on
primer3. This has been designed to be as easy as possible to design
primers, yet to be very powerful as well. For example you can
design a set of primers in as few as three mouse clicks. Using the
default values will produce a ranked list of 5 sets of primers to
amplify a region using the optimum values for the primer Tm and
%GC. However, by changing advanced parameters you can also
tune these and other values to obtain the best primers for non-
standard situations.

All testing and design of primers is done using the same dialog, and
can even be mixed to allow you to test one fixed primer and find
another to match.

How to design a set of primers with the new module

The simplest way to design primers with MacVector is to select a
particular region of your sequence and design primers either side of
this, so as to amplify this selection. With these default settings
primers are chosen from a 200 bp long region on each side of the
region to be amplified.

e O Primer Design (Primer3)
Primer Sequences
CGCCATCACAGCAGATTGTA 3 TGTGCAATTGTCGACCCGATA a
® Use this primer (@ Use this primer ————————
= = ]
() Find 5' primer () Find 3' primer SReverseléiGomplements

"1 Hybridizing Primer Sequence

Test this primer
*) Find Hybridizing Primer

[ Amplify Feature/Region |4

Region to Amplify:

%3
236 to 469

m Advanced options

Factory Defaults ) Cancel ) ( oK \ﬁ

At it’s simplest this can be done by:

(1) select a feature in the Map tab, or select a region in the Editor tab
in a sequence window.

(2) choose Analyze | Primers | Primer Design (Primer3)

(3) accept the defaults and run the analysis by clicking OK.
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However, there are other approaches that are controlled by a simple
popup menu;.

v Amplify Feature/Region 7

Region to Scan

Flanking Regions —_— (>

Amplify Feature/Region

This is the default approach described above. Primers will be
designed to amplify the target region.

Region to Scan

This lets you choose a region within which the amplified product
should lie. You can select the sizes of products you desire, and
Primer3 will design primers to amplify products of this size from
anywhere in that region.

Flanking Regions
You can specify two flanking regions, so that the left and right
primers will be located within these regions. This is similar to the
default Amplify Feature/Region option, but offers more flexibility.
Testing Specified Primers

You can also test primer sequences, either as a pair, or if you have
just one primer and you need to design a matching primer, then you
can type/copy in one sequence, and design a suitable matching
primer. You can also do this in combination with selecting an area to
amplify. For example, if you want to amplify a gene, and you
absolutely want to use a specific left primer at a certain point, you
can select the gene in the Map view then paste or type your sequence
for the primer into the left primer edit box. When you click OK,
MacVector will test the left primer, and then design suitable matched
right primers. To test a pair of primers ,you can just type or paste
paste them into the left and right boxes.

Primer3 Result Windows.

When you first run Primer3 you will be presented with a results
dialog that summarizes the number of primers found, the number
that were rejected, the number of suitable pairs of primers found, and
reasons why others were rejected. If you are also designing internal
primers you will see similar results for these too. If suitable pairs are
found, then you will also be presented with options to see these
results.

MacVector 12.5 Workshop 63



MacVector 12.5 Workshop Sept 2011

Summary Display Options

Primers... Left Right  Internal ) Primer3 output
Accepted: 229 1001 2474 e

Considered: 1036 3435 7723 B Spreadsheet

Primers discarded because of: ™ Graphical map
Would not amplify:
Too many Ns:
In region to be amplified:
QOverlap excluded:
Bad GC% content: 7
No GC clamp
Tm too low:
Tm too high:

o

237 .
Analysis Complete

"~
CODOOOOOLOWOOOO
w
COO-HOVNDOHONOOOO
td
COONOOOOLOWOOOO

High any complementation:
High 3' complementation:
High repeat:

Long poly X:

Low quality:

High end stability:
Lowercase masking end:

Pairs...
Accepted:
Considered:

oo

Reasons for rejection...
No target:
Product size:
Low product Tm:
High product Tm:
Tm diff too large:
High any complementation:
High 3' complementation:
No internal OLIGO:
High mispriming similarity:
High template mispriming:

COOOOOO0O0

(G (06
A

Graphical Map
e6co puCl9Primer3Map
pUC19

lacZ (alpha)

|

200 400 800

CR Product

|

PCR Product

i

PCR Preduct

%

. PCR Product

b A
¥
&

PCR Preduct

%

a0l 100% 3 Y

The Graphical Map option displays the found primer pairs, any
internal hybridization primers and the predicted product/amplicon.
You can click on any graphical object in the window and the
corresponding region will be selected in the parental sequence.
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0o pUC19 Primer3 Spreadsheet
Rank L Start Llen LTm L GC% L Sequence R Start RLen RTm R GC% R Sequence
1 151 20 59.97 50.00 CGGCATCAGAGCAGATTGTA 512 20 60.07 45.00 TGTGGAATTGTGAGCGGATA
2 151 20 59.97 50.00 CGGCATCAGAGCAGATTGTA 516 20 60.16 50.00 GTTGTGTGGAATTGTGAGCG
3 12 20 59.83 50.00 GGTGATGACGGTGAAAACCT 512 20 60.07 45.00 TGTGGAATTGTGAGCGGATA
4 151 20 59.97 50.00 CGGCATCAGAGCAGATTGTA 536 20 59.70 45.00 TTTATGCTTCCGGCTCGTAT
H 12 20 59.83 50.00 GGTGATGACGGTGAAAACCT 516 20 60.16 50.00 GTTGTGTGGAATTGTGAGCG

The Spreadsheet option displays a window containing a text list of
the primer sequences and all their appropriate statistics. You can
select and then copy from the cells in the spreadsheet, allowing you
to then paste individual sequences, entire lines, or the whole sheet to

send to your oligonucleotide synthesis service.

In the spreadsheet view you can sort on any of the shown results. By
default the view is sorted by the score that each pair is given. So the
first primer pair is the most suitable and so on. However, you can
also sort on Tm and %GC by clicking on the header of each of those
columns. When you highlight a primer in the spreadsheet that
primer feature is also highlighted in the graphical map, and on the
sequence in the graphical map. This also works in the opposite
direction and when you select the primer feature, it gets highlighted
in the spreadsheet view. Finally in all these situations if you move
back to the original sequence editor the sequence is also highlighted
there.

806

pBR322 Primer3 Report

PRIMER PICKING RESULTS FCOR pBR322

No mispriming library specified
No internal oligc mishyb library specified

Using
OLIGO

LEFT PRIMER

RIGHT

INTERNAL OLIGO

1616-based sequence positions

start len te gc%
58.08
58.88
56.88

1733 28
2282 28
2024 28

59.93
59.97
59.99

PRIMER 4.88

SEQUENCE SIZE: 792
INCLUDED REGION SIZE: 792

PRODUCT SIZE: 558, PAIR ANY COMPL: 5.88, PAIR 3° (OMPL: 2.88

TARGETS (start.

1616

1676

1736

1796

1856

1916

1976

2836

2156

len)*: 1915.192

TTTCCTAAAGTCTGCAAACGCGCAAGTCAGCCCCCTGCACCATTATETTCCGGATCTGCA
TCGCAGGATGCTGCTGECTACCCTETCCAACACCTACATCTETATTAACGAAGCGCTGEC
>335
ATTGACCCTGAGTCATTTTTCTCTGETCCCCCCCCATCCATACCGCCAGTTGTTTACCCT
S333553333555555>
CACAACGTTCCAGTAACCCGCCATCTTCATCATCAGTAACCCGTATCGTGAGCATCCTCT

CTCCTTTCATCCETATCATTACCCCCATCAACAGAAATCCCCCTTACACGGAGGCATCAG

TCACCAAACAGCAAAAAACCCCCCTTAACATCECCCCCTTTATCAGAAGCCAGACATTAA

any 3 seqg

3.88 3.80 GGCATTCACCCTGAGTCGATT
3.88 TACAATCTGCTCTGATGCCG
18.88 8.88 TCTGTGAATCGCTTCACGAC

,,,,,,,,,,,,V,
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You can also see a raw results output of Primer3. By default this is
not selected.

Real Time (RT) Primer design

Many real time PCR techniques use a third oligonucleotide that will
anneal inside the desired product. This allows you to track the
progress of the PCR amplification using one of the many proprietary
technologies available. You can use the new Primer3 module to
design these. While the default settings will usually produce the
optimal third hybridizing primer, you also have control of the
parameters used to design the internal primer. You can also design a
internal primer suitable for use with a pair of existing primers, or
start from scratch and design all three.

To scan for a suitable internal hybridization primer, simply select the
Hybridizing Primer Sequence check box.

’Z‘ Hybridizing Primer Sequence

) Test this primer
® Find Hybridizing Primer

One of the advantages of being able to test or design combinations of
primers is that it is easy to design a internal primer to go with a pair
of existing external primers by pasting those primers into the left and
right primer boxes and letting Primer3 search for a suitable internal
primer. Conversely, you can also use this to design external primers
to suit an existing internal primer you already have by pasting a
primer into the Hybridizing Primer Sequence edit box and selecting the
Test this primer checkbox.

Advanced Parameters

MacVector 12.5 Workshop

The default parameters are set so that the majority of primer design
experiments do not need to alter any of these. However, all of the
settings are exposed if you do need to alter any to produce results, or
match an existing set of results.

Click on the Advanced options button to reveal the tabbed settings for
tuning your primer design.

66



MacVector 12.5 Workshop

Characteristics

Primer Binding

Sept 2011

E] Advanced options

(" Characteristics = Primer Binding Reaction Conditions Hybridization Primer  Misc.

Min. Opt. Max.
Length: 18 20 25 GCClamp: 0 _ﬂ
Percent G+C: [ 45 | 50 | 55 Maximum Poly-X: [ 5
Tm (°C): [ 55 | 60 | 80 Maximum difference in Tm - 40

between primers (°C):

For Length, Percent GC, and Tm, you can select minimum and
maximum values and also an optimum value that does not need to be
midway between the two.

The GC Clamp is the number of G and/or C residues you want to have
at the 3' end of each primer.

Maximum Poly-X limits the number of consecutive residues of the
same type that can appear in a primer sequence.

The maximum Tm difference setting lets you make sure your
primers are closely matched. By default it’s set to a high value,
although Primer3 will generally find well-matched primers.

m Advanced options

Characteristics | Primer Binding | Reaction Conditions Hybridization Primer =~ Misc.

HEEABAIREE B __ Allow ambiguous residues
3'end vs 3" end: 3 Allowed Ns in primers: 8
Primer vs Product: -1

Primer vs Primer, 3' end vs 3' end and Primer vs Product control the
maximal accepted binding/mis-priming between the primers and
product. The units are defined internally by Primer3. Raise the
values to reduce the stringency of the filtering - this may be required
if you are scanning a short sequence and Primer3 cannot find
suitable primers. For Primer vs Product set the value to "-1" to turn
off filtering for that parameter.

Select the Allow ambiguous residues checkbox if you have ambiguous
residues in your sequence. In that case, you may want to limit the
number of ambiguous residues in the primers so choose the
maximum number you are willing to accept and put that in the
Allowed Ns in primers edit box.

MacVector 12.5 Workshop 67



MacVector 12.5 Workshop Sept 2011

Reaction Conditions

@ Advanced options

Characteristics =~ Primer Binding | Reaction Conditions | Hybridization Primer = Misc.

Total initial primer concentration (nM): 50

Monovalent cation concentration (mM): 50

Set these to match the reaction conditions you use in the lab. These
will affect the reported Tm of the primer binding to the template.

Hybridization Primer

@ Advanced options

Characteristics Primer Binding Reaction Conditions | Hybridization Primer | Misc.

Min. Opt. Max.
Length: 18 | 20 | 25 Primer vs Primer: » 12
Percent G+C: 45 50 55 Maximum Poly-X: = §
Tm (C): r 55| | 60 80 Total initial primer - 50

concentration (nM):

Use this tab if you want the Hybridization Primer scan to use different
basic parameters than used for the external primers.

Misc.
@ Advanced options
Characteristics Primer Binding Reaction Conditions Hybridization Primer | Misc. |
Maximum number of primer pairs to show: 5 7'
This controls the number of primer pairs that are reported. The
default is 5 but you can choose up to 100. However, note that the
Graphic Map output is limited to the top 25 primers.
Auto Annotation

The Auto Annotation function is designed to simplify the process of
consistently annotating a collection of related sequences. Whether
you download most of your sequences from GenBank, or receive
plain sequences from a central sequencing facility, it is incredibly
inconvenient to have to manually annotate each feature or adjust the
appearance information to match the other related sequences you
have been working with.

The idea behind this function is that you can maintain a carefully
curated folder (or multiple folders) containing annotated sequences
of interest and when you receive a new sequence from any source,
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simply scan it against the folder and it will be automatically
annotated with matching features from the curated sequences. The
algorithm uses sequence similarity to identify matching features and
has a certain amount of fuzziness that you can control to handle
minor sequencing errors.

Scanning for Vector Features

MacVector has a large collection of plasmid vectors in the
/MacVector 12.5/Common Vectors/ folder, including a large
number of vectors formatted to match the New England Biolabs,
Invitrogen and Promega catalogs. There is also a folder containing a
number of fragments of DNA, each containing a common vector
feature. You can use this folder as a first pass to annotate a bare
DNA sequence;

Open the sequence /MacVector 12.5/Tutorial
Files/AutoAnnotation/pBR322Ascii.txt. Asthe name
suggests, this is actually an unannotated copy of the old cloning
vector pPBR322. The Map tab shows that there are no features on the
sequence. If you don’t see a circular sequence, click the Topology
button to tell MacVector that this is a circular plasmid vector.

e 06 = pBR322Ascii.txt — Map (=]
;f i I, W
DNA Unlocked Text View Prefs Replica Topology Create
Editor Map Features ' Annotations
Clal (24) m

Hindlll (29)

EcoRl (4359)

Ssp! (4170)

pBR322Ascii

4361bp

Pvull (2066)

0/ 100% 3

Now choose Database | Auto-Annotate Sequence. Click on the Choose
button at the top of the sheet and select the
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/Applications/MacVector 12.5/Common
Vectors/Annotated Fragments/ folder.

Sequence Folder

AnnotatedFragments ?] ( Choose... )

@ Search in enclosed folders (recursively)

Feature Characteristics

__| Only consider visible features Minimum feature length: 10

¥ Di [ .
M Discard shorter duplicates Residues around point feature: 30

_| Allow gaps in CDS features .
Maximum allowed mismatches: 1

Maximum allowed gaps: (5

Point Feature Characteristics

"lInclude point features

@ Include point features enclosed by other features
Feature Modifications

Leave existing qualifiers and graphics unchanged ﬂ

(_ Factory Defaults ) ( Cancel ) ( oK )

You can leave the rest of the parameters with the default settings.

Note that Sequence Folder is a combo box — it remembers all of the
previous places you have searched. This makes it easy to toggle
between all your favorite folders with different searches. These
history combo boxes are used in numerous places through
MacVector to simplify selection of folders and analysis data files
like Restriction Enzyme files or comparison matrices. In addition, if
you are using Mac OS X 10.5 or later, you can drag and drop folders
or files onto the combo box to select that folder or file.

Click on the OK button to run the analysis. A progress sheet will
appear which (depending on the speed of your machine) should
disappear within a second or so to be replaced by a result summarys;
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Summary
Considered
Files: 24
Seguences 24
Features: 104
Matched
Sequences 5
Features 11
Point features: 0
Ignored
Invisible features
Short features: 35
Found
Existing features [V
Modified: 0
Duplicate features: o
Features added: 7

When you click OK, you will see that the Map has been updated to
show several features, including Tetracycline and Ampicillin
resistance genes and the pMB1 origin of replication;

e 06 = pBR322Ascii.txt — Map (=]
2 o B[S O -
DNA Unlocked Text View Prefs Replica Topology Digest Ligate Create Edit Delete
[ Editor 1 Map I Features ' Annotations ]
Clal (24) ™
Hindlll (29) |
(4250) |
EcoRl (4359) EcoRV (187) '
Sspl (4170) Fspl (262) !
BamHI (375) |
Sphl (566) |
R Sal (651) |
Pstl (3611)
st ( ‘S_‘Q '
Fspl (3588) :
|
|
" g |
pBR322Ascii 2 '
4361bp __ '
= i
|
L |
Fspl (1358) '
Fspl (1456) !
|
"/

1o

»

Pvull (20€€)

«

a/ 100% [
Parameters

The basic operation of the Auto-annotation function is fairly obvious
once you see it in action, but some of the parameters need discussion
so you can understand the subtle effects they can have.

The basic algorithm takes each folder sequence and looks for
annotated features on the sequence. It then takes the sequence
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corresponding to each feature and performs a pairwise comparison
with both strands of the sample sequence. If a valid match is found,
it copies the feature to the appropriate location on the sample
sequence, including all feature appearance information such as
colors, fonts, shading, visibility etc.

Feature Characteristics

Only consider visible features

Many annotated molecules have a large number of features that are
typically hidden to avoid cluttering the display. For example, the
version of pBR322 present in the /MacVector 12.5/Sample
files/ folder has over 50 annotated features, but only 4 are
displayed in the Map to keep the visual appearance clean. If you
select this checkbox, only visible features in the folder sequences
will be used in the analysis.

Discard Shorter Duplicates

As you build up a collection of annotated sequences, you will often
find that you have related features that are essentially identical, but
differ slightly in their end locations. If you select this checkbox, only
the longest of these features will be retained.

Allow gaps in CDS features

The algorithm does not require an exact match between the folder
feature and the sample sequence. It can handle mismatches and also
gaps inserted into either sequence to maintain an alignment. This is
very useful to help overcome sequencing errors. However, if you
have a gap in a CDS feature, it basically invalidates the open reading
frame due to frameshifts, so you may want to ignore CDS features
that need gaps inserting to match the sample sequence. However, if
you suspect there may be sequencing errors in the sample sequence,
check this box to make sure the any CDS features are identified.

Minimum Feature Length

Because the algorithm use sequence similarity to identify matching
features, very short features (e.g. 4 base pair annotated restriction
sites) would appear very frequently throughout the sample sequence.
To suppress the spurious appearance of short features, set this to a
reasonable value, typically from 10 to 30, to ensure the annotated
features are indeed unique to the sequence.

Residues around Point Feature

As point features do not have a sequence range associated with them,
MacVector artificially uses the sequence on either side of the point
to determine if it should be included in the annotation. The default
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value of 30 means it takes the 15 residues on either side of the point
and scans the sample sequence for a match to that.

Maximum Allowed Mismatches

This is simply the maximum percentage of mismatches allowed for a
feature to be considered a match to the sample. The default value of
1% means that no more than 1 residue in 100 can be different.

Maximum Allowed Gaps

Set this to 0 to discard any matches that contain a gap. The default of
0.5% means no more than 1 gap can be inserted per 200 residues.

Point Feature Characteristics

Include Point Features

Check this to have point features considered. The default is to ignore
them.

Include point features enclosed by other features

Use this if you only want point features to be added to your sample
sequence if they are enclosed by a regular feature. This is useful for
when the point feature may like near the edge of a matching region
(e.g. an exon if comparing a cDNA with a genomic sequence) and
would not be annotated by the normal point feature search.

Feature Modifications
The popup menu here has three settings;

Leave existing qualifiers and graphics unchanged

Features in the folder that match existing features in the sample
sequence (i.e. it has the same type and start and stop location) will be
ignored and any existing features will always be left untouched.

Replace qualifiers and graphics for existing features

If a folder feature matches an existing feature the qualifiers and
description associated with the sample sequence feature will be
replaced by the data from the folder feature. In addition the feature
appearance information will be replaced by a copy from the folder
feature.

Replace only graphics for existing features

If this is selected, the graphics is replaced in the sample sequence,
but its qualifiers and description are left intact. This is particularly
useful for cleaning up sequences downloaded from entrez. The
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feature data remains intact, but you can apply your favorite graphics
to the features.

Frequently Asked Questions

How does the new MacVector licensing work?

There are four main types of MacVector licenses;

Standard Licenses
These replace the old purple USB keys. The licensing is now entirely
done by software. You are given a new serial number and can install
MacVector on as many machines as you like, but only one copy of
MacVector with that serial number can be running on a local
network at one time.

Personal Licenses

This is a cost-effective alternative that is essentially identical to the
Standard License except that the serial number can only be installed
on one specific machine.

KeyServer "Network" Licenses

These are unchanged from earlier versions of MacVector. When you
start MacVector it contacts a local server at your institution to
checkout a license from a common pool. If all the licenses are in use,
MacVector will not run and you are placed in a queue to be notified
when a license becomes available.

There is also KeyServer License variant called a Roaming License.
This is identical to a regular KeyServer license except that if the
KeyServer cannot be contacted, MacVector will fall back to using a
temporary Standard License, as long as you have successfully
contacted the KeyServer within the previous 3 weeks. This allows
you to use MacVector at home or when traveling without needing a
VPN internet connection to your institutional KeyServer.

Site Licenses

These are unlimited usage licenses assigned to an institution that do
not require a KeyServer for operation. These licenses must be
renewed each year.

All four types of license require that you enter a License Owner,
Serial Number and Activation Code. The activation code contains
embedded information that distinguishes the different types of
license, the products activated and your maintenance end date. You
can activate a license at any time by choosing Options | Activate
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License. If successful, you will get a dialog displaying your encoded
license details;

e O License Activation

Your MacVector license has been successfully activated.

Products Activated: MacVector, Assembler
Expiration Date: Perpetual

Maintenance End Date: June 4, 2009
License Type: Single Copy

Maintenance End Date

The maintenance end date for your license is particularly important.
Each release of MacVector has an internal "Build Date". As long as
your maintenance end date is after that date, you will be able to run
that version of MacVector. However, if your maintenance expired
prior to the build date, you will not be able to run that version unless
you purchase a new maintenance contract with MacVector, Inc. This
lets us release new versions of MacVector publicly, so you can
always visit our web site and download and run the latest version
without having to wait for us to send you a CD.

Note that (except for Site Licenses) all MacVector licenses are
perpetual, so you can always run the version you originally
purchased. In addition, all new sales and upgrades come with a 12
month maintenance contract, so you are entitled to use any version
of MacVector we release during that time.

Why is MacVector rejecting my license Activation Code?

The most likely reason is that you have typed or copied the details
incorrectly. In particular, you must type or paste the License Owner
information EXACTLY as sent to you. If you were sent license
details with the owner set to "Kevin J Kendall" you must enter it like
that. "Kevin Kendall" or "kevin j kendall" will not work.

What happens to the license if someone forgets to shut down MacVector?

If you are using an individual license, MacVector will not start up if
it detects another computer running on the network using the same
serial number. However, if a user forgets to exit MacVector and
leaves the computer, that license can be used by another user once
the first computer goes to sleep. It is a good idea to make sure your
computer will go to sleep in a reasonably short period of time if you
are using MacVector in a lab with other users of the same serial
number. If you subsequently wake up your computer and another
user is now running MacVector with that serial number, you will be
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warned about the conflict and MacVector will enter a disabled mode.
You will be permitted to save any existing files, but you cannot open
new files or start a new analysis.

How do | save a graphical image to a file?

MacVector 12.5 Workshop

One consequence of the new tabbed approach used by MacVector is
that the Map tab is now considered to be just another view of the
sequence. This has a tremendous advantage over MacVector 9.5 as
you can now run an analysis from any of the tabs, not just the Editor
window. However, the disadvantage is that the Save/Save As
functions now work on the underlying sequence, so choosing Save
As attempts to save the sequence document. To get around this
either;

(a) Choose File | Export to save the graphical image as a PDF file..

(b) Choose File | Print and in the dialog that opens, click on the PDF
button, then choose Save As PDF... from the menu.

(c) Choose Edit | Copy, then open the Apple Preview application (you
can find this in the /Applications/ folder) and select File |
New from Clipboard. The graphic will appear in a new window -
you can then save the graphic in any of the numerous formats
supported by Preview.
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