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Introduction

The following chapters introduce you to the
structure of this user guide and provide an
overview of the MacVector application.

Chapter 1, “Introduction to the User
Guide™, describes the conventions used in
this user guide and outlines the content of
each user guide part.

Chapter 2, “Introduction to MacVector”,
introduces the MacVector Sequence
Analysis Software and its principal features.
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< 1 Introduction to the User Guide

Overview

This chapter describes the information provided in this user guide,
where to find it, and the conventions used throughout.

Contents
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Interface conventions 21

Navigation aids 21




Introduction to the User Guide

The MacVector documentation set

Please refer to the release notes included with your copy of MacVector
for new and updated information about a particular release. Also please
check our website for news of updates, recent issues, and also for freely
downloadable updaters for your version of MacVector.

http://www.macvector.com
About this user guide

This user guide describes the MacVector sequence analysis software
program and how to use it. The user guide is divided into the following

parts:

Introduction An outline describing the MacVector
documentation set and the major
functional areas of MacVector.

Using MacVector A description of using the features of

MacVector on a task by task basis.

Understanding MacVector A description of the theory behind the
analyses performed by MacVector, with
full references.

Appendices Additional information, e.g. the file
formats that can be used with
MacVector, and reference tables of code
formats.

Index A comprehensive index to the
MacVector User Guide.

Conventions in this user guide
This user guide assumes that you are familiar with the following:
= the graphical user interface of your operating system
= principles of basic file management.

Refer to Chapter 4, “Working with MacVector Files™, for instructions
on file management and an explanation of how MacVector manages
files.
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Navigation aids

Interface conventions

The following styles are used in this user guide to describe actions and
components of the interface:

e ChooseFile | Open means: choose the File menu, then choose Open
from that menu

= |tems on the interface that you need to select, such as buttons or
check boxes, are shown in bold, for example:
the offset check box

the and radio button

= Text that you need to type in, or text that is displayed in a window,
is shown as follows:
2.0

examplel.seq

Navigation aids

There is a full table of contents for this user guide on page 1.

As explained earlier, this user guide is divided into five parts, where
each part contains one or more chapters.

Each chapter has a short table of contents and an overview that explains
exactly what information is contained within the chapter.

Where possible, information on any particular topic is grouped together,
ensuring that you can easily locate the information that you need. There
are also cross references to other relevant information about a topic.

There is a comprehensive index at the end of the user guide, so that you
can easily locate all the information about a particular topic.

MacVector User Guide 21



Introduction to the User Guide

22 MacVector User Guide



Introduction to MacVector

Overview
MacVector is a sequence analysis application for Macintosh computers.
This chapter provides an overview of MacVector, introducing:
= MacVector sequence files
= the various data views that can be used to analyze sequence data.

= the search methods and other analyses that can be applied to your
sequence data

Data displayed in the various views can be printed and saved in a quality
suitable for publication.

Contents
Overview 23
MacVector sequence files 24
Starting Point dialog 24
Sequence window 24
Editing sequence data 25
Sequence maps 25
Features and annotations 26
Text view 27
Analysis toolbar 28
Site and motif searches 28
Sequence comparison, alignment and
phylogeny 29
Aligning sequences to a reference 29

Protein and nucleic acid toolbox analysis30
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MacVector sequence files

MacVector uses its own binary file format to store sequences, along
with features and annotations of the sequence. It can also read many
binary file formats.

All major ASCII sequence formats are supported. Refer to Appendix G,
“Supported File Formats and File Extensions™ for a summary.

Starting Point dialog

The starting Point dialog is displayed every time you start Mac\ector. It
provides quick and easy access to sample files and the other folders and
files you use most.

Ao Starting Point

Choese a starting point for your document:

: Category ' Name Ie
All | Trace Sample.abi a|
New File | '# Zea mays chloroplast genome |

| Recent File | YSPTUBE ‘
! UBUTB

UBUTA

|

| UBURB

| UBURAL

| ' uspce

| UBCHB

| % ussve

! M Trace SampleZ.scf3
# Tobacco chloroplast genome v|

X ] ¥ |

W W W R

I Don’t show this dialog again | Open an Existing File... | (" Close )

You can add new folders to the list on the left using the + icon and
remove them using the - icon. Alternatively, you can drag and drop new
folders onto the dialog. You can also remove recently used files from
the list on the right using the - icon.

Sequence window

Any sequence file opened in MacVector is displayed in a Sequence win-
dow. This comprises a context dependent OS X style toolbar and four
tabbed and linked views of the sequence: Editor, Map, Features and
Annotations. Refer to “Sequence window” on page 76, for further
details.
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Sequence window

Editing sequence data

The Editor view allows you to enter and edit sequence data.You can use
the readback facility to check that the data has been entered correctly.
See “Editor view”” on page 82.

ann

2 B R

DNA Locked Textview Prefs Replica Topology

| Editor Map

# pBR322 — Editor

O —v

Blocking Voice Verify Strands Create  Range  Features

sctcs

Features | Annatatians

[FTCTCATETT TEACACLTTA
GCGCTCATCG TCATCCTCEE
ACAGCATCEE CAGTCACTAT
CCGCCCAGTC CTGCTCGLTT
GCCGGCATCA CCGGLGLCAC
GTTTCGECET GOGTATGETE
CAACCTACTA CTGGGCTEET
GLGLGEGGCA TGACTATCET
ACCECTTTCG CTGGAGCGLE
ACGTTTCGEC GAGAAGCAGE
ATTATGATTC TTCTCGCTTC
CGCTCELEEL TCTTACCAGC
TETAGGEGLC GCCCTATACC
| ACCEATTCAC CACTCCAAGA
CTCCAGCAGL CGCACGLGEC
GGTTGCCTTA CTGGTTAGCA

TETICERTIT FORTRTTTOR

TCATCGATAA

CACCGTCACC

GGLGTGLTGE

CGLTACTTGE

ACETGLGETT

GCAGELECCE

TCCTAATGCA

CGCCGLACTT

ACGATGATCG

CCATTATCGL

CGGLGGLATC

CTAACTTCGA

TTGTCTECCT

ATTGCAGLLA

GCATCTCGEG

GAATGAATCA

TasanTrTLE

GCTTTAATGL

CTCGATECTG

TAGLGLTATA

AGCCACTATC

GCTGELECCT

TELLLEEEEE

GGAGTCGCAT

ATGACTETCT

GLCTETEGCT

CGLCATEECE

GLCATELCCE

TCACTEGACC

CCCCGLETTE

ATCAATTCTT

CAGLGTTGEE

CCGATACGCE

asarcrecas

GGTAGTTTAT

TAGGLATAGE

TCLGTTEATE

GACTACGLGA

ATATCGLLGA

ACTGTTEGEL

AAGGGAGAGL

TCTTTATCAT

TCLGETATTC

GLLGACECGL

CGTTGLAGEE

GCTGATCGTC

CCTCLLEETE

GLLGAGAACT

TCCTGELCAC

AGLGAACETE

erranceeer

CACAGTTAAA

CTTGETTATE

CAATTTCTAT

TCATGELGAC

CATCACCGAT

GCCATCTCCT

GTCGACCGAT

GLAACTCGTA

GLAATCTTEL

TCLCLTACCT

CATGLTGTCC

ACGGLGATTT

CATGEAGCCE

GTGAATECGL

GGOTGLGLAT

AAGCGACTEL

TerarcaTTa

TTGCTAACGL

CCGGTACTGL

GCGCACCCET

CACACCCETC

GLOGAAGATC

TCLATGEACC

GLCCTTGAGA

GLACAGETGL

ACECCCTCED

CTTGCLTEGCE

AGGCAGGTAG

ATGLCGLLTC

GGLCACCTCE

ARACCAACCC

GATCGTECTC

TGLTGLARRA

TeTIrreeaT

AGTCAGGLAC

COLGLLTCTT

TCTCGEAGCA

CTGTGEATCC

GGLCTCEECA

ATTCLTTECE

GLCTTCAACC

CGLCAGLGCT

TCAAGLCTTC

TTCGLCACGL

ATGACGACCA

GGIGAGCACA

ACCTGAATEE

TTGEOAGAAL

CTGTCETTGA

CGTCTGLGAC

FreraTrers

CGTGTATGAA A‘(IM(A:\S‘]E
GLGGGATATC [1[[AHE"[)E‘
CTGTCCGACC Ecnwzggg
TCTACGLCGE Al:l:l:A'lcc_ﬁ

CTTCGEECTC ATGAGC

o
GLELLEETEC T[M[[[E‘l‘;;‘

784
CACTCAGCTC ET‘ECEE[EE
CTGGETCATT 'ITEECCC:E.E
GTCACTEETC [[E[[AEE;‘;
GAGCLTCGAT [E[[‘ITEEEI‘;
TCAGEGACAG E'I‘IEAALEE:;';:
TGLAACLEET 'lEECATC:Ex;
AAGLCGELEE [A[[T[l%é,:lii:

ATATCCATCG

GGACCCGELT
CTGAGCAACA ACATGAATGE
1708

CEATEOTECT CEFTACCITE

Standard sequence conversions allow you to reverse, complement, and
reverse complement regions within a sequence and to create new
sequences using translate, and reverse translate functions.

Sequence maps

MacVector gives you complete control over the appearance of the Map
view. You choose the way that the features, ruler, and sequence are dis-
played, and can choose to display some or all of the sequence features.

MacVector User Guide
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Introduction to MacVector

You can optimize the maps either for on-screen appearance or for high-
quality printed output.

anO # pBR322 — Map =

oo H W= ik su = |/ @
DNA Locked TextView Prefs Replica Topalogy — Digest Ligare Create Edit Delete
[TEior | M [ Features |

Clal {24)
|Hindi (29)

E“"““”i! EcoRV (187 Jamh (375)

Pstl (3611),

pBR322

4361bp

alo0% =

Features and annotations

Sequence features and other regions of interest can be marked in a num-
ber of ways, following GenBank formatting conventions.

They can be displayed graphically in the Map view and as a list in the
Features view. See “Features view” on page 113.

When a sequence is unlocked, features are edited easily from the table,
using the toolbar at the top of the Sequence window (or by double click-
ing). Clicking once on a feature automatically selects the residues corre-
sponding to that feature in the Editor view.

26 MacVector User Guide



Text view

mise_binding

e
mise_hinding
Bromater
mise_hinding
mise_hinding
mise_binding
gene

cos

Descrigtion

Tmel_type=other DNA

7 pbR3I2Z — Features

=| /@

Jarganism=Cloning vector pBRIZI

fdb_srefaraxen 47470

fissue liD=ATCC 313
Jargans
Jmel_t thet DNA
Jdb Aref=taxon: 2625
[haund_maietys echin

1 1762

mid pC

a4, ATCC 37017
(1]

omycin

24 27
33
42

Ihound_maierysechin

a1 4 inoeespromater 72 (6]
53 56 Thound_maiety=echin
67 0 Thaund_maletysechin
&0 43 Tbound_moletysechin
8 1276 Ineneaten

8% 127 Jeedon_stary=1

fdls_arat= 1 JORISH
[gene=tet
roduct=tetracycline

fipratein
Tiranslateon = MKSNNAL
YEVLLALYALMOFLEAP
RIVACITEATCAVACAY

i AARSBTIS

omyrin
]

amyein
amyein
amycin

resisance protein
1

LVILG TV TLDANGICLYMPVLPGLLREIVHSTISIASH
VLGALSDAFCRAPYLLASLLGATIDYABATTPVLWALYAG
A TOCEORARNFCLMEAL FOVCMVACPVACCLLCARLH

APFLAAAVLNGLNLLLGCFLMOESHKCERRPMPLIAFNPYVSSFRWARCM TIVAALMTY

FIIMGLVEOVPAAL

KOAMACMAADALCYVLLAFATRCWMAFPIMILLASCCICMPALOAMLEROVDDDHOG
CLOGSLAALTS

fransl rabd

TSITCRLVTAIYAASAS TWHCLAWIVEGAALYLVCLPALRAGAWSR ATST

Text annotations associated with a sequence are displayed in the Anno-
tations view. These provide extra information about the sequence, such
as a description, academic references, or identifying numbers assigned
by the databases from which the sequences are taken.

Text view

A Text view can be customized to show additional information includ-
ing defined sequence features, and, in the case of nucleic acid
sequences, the complement strand and translation of major features.

806

pBR322 Text View

=

968 918 928
CCGCCACCAA ACGTTTCGGC GAGAAGCAGG
GGCGGTGGTT TGCAAAGCCG CTCTTCGTCC

898
GTCACTGETC
CAGTGACCAG
ValThrGl
___GENE

. CODCN_START=1; TRANSL_TABLE=11;

988 938 1888
TTCGCGACGC GAGGCTGGAT GGCCTTCCCC
AAGCGCTGCG CTCCGACCTA CCGGAAGGGG
PheAlaThr ArgGlyTrpMet AlaPhefro
CODON_START=1; TRANSL_TABLE=11:

a7a
CTTGCTEECE
GAACGACCEC

LeuLeurla
___GENE=TET;

1058 1868 1878 1088
CGTTGCAGGC CATGCTGTCC AGGCAGGTAG ATGACGACCA
GCAACGTCCG GTACGACAGG TCCGTCCATC TACTGCTGGT

938 948 958 968
CCATTATCGC CGGCATGGCG GCCGACGCGE TGGGCTACGT
GGTAATAGCG GCCGTACCGC CGGCTGCGCG ACCCGATGCA

roAlaThrlys ArgPheGly GlulysGln AlallelleAla GlyMetAla AlaAspAla LeuGlyTyrVal>

PRODUCT=TETRACYCLINE RESISTANCE PROTEI__ >

1018 1828 1038 1848
ATTATGATTC TTCTCGCTTC CGGCGGCATC GGGATGCCCG
TAATACTAAG AAGAGCGAAG GCCGCCGTAG CCCTACGGGC
IleMetIle LeuleuAlaSer GlyGlyIle GlyMetPro>
PRODUCT=TETRACYCLINE RESISTANCE PROTEI__ >

1898 1188 1118 1128
TCAGGGACAG CTTCAAGGAT CGCTCGCGGE TCTTACCAGC
AGTCCCTGTC GAAGTTCCTA GCGAGCGCCG AGAATGGTCG

AlaleuGlnAla MetleuSer ArgGlnVal AspAspAspHis GlnGlyGln LeuGlnGly SerLeuAlaila LeuThrSer>

GENE=TET: CODON_START=1; TRANSL_TABLE=11:

1138 1148 1158 1168
CTAACTTCGA TCACTGGACC GCTGATCGTC ACGGCGATTT
GATTGAAGCT AGTGACCTGG CGACTAGCAG TGCCGCTAAA

PRODUCT=TETRACYCLINE RESISTANCE PROTEI__ >

1178 1188 1198 1288
ATGCCGCCTC GGCGAGCACA TGGAACGGGT TGGCATGGAT
TACGGCGGAG CCGCTCGTGT ACCTTGCCCA ACCGTACCTA

LeuThrSer IleThrGlyPro LeulleVal ThrAlalle TyrAlaAlaSer AlaSerThr TrpAsnGly LeuAlaTrplle>

GENE=TET: CODON_START=1; TRANSL_TABLE=11:

1218 1228 1238 1248
TGETAGGCGCC GCCCTATACC TTGTCTGCCT CCCCGLETTG
ACATCCGCGE CGGGATATGE AACAGACGGA GGGGCGCAAC

ValGlyAla AlaleuTyr LeuValCysleu ProAlaleu
___GENE=TET; CODON_START=1: TRANSL_TABLE=11

1388 1318 1328
CACCTCGCTA ACGGATTCAC CACTCCAAGA
GTGGAGCGAT TGCCTAAGTG GTGAGGTTCT

1298
AAGCCGGCGE
TTCGECCGET

1378

ARACCAACCE
TTTGETTGEG

1388 1398 1488
TTGGCAGAAC ATATCCATCG CGTCCGCCAT
AACCGTCTTG TATAGGTAGC GCAGGCGGTA

1458 1468 1478 1488

PRODUCT=TETRACYCLINE RESISTANCE PROTEI__ >

1258 1268 1278 1288
CGTCGCGGTG CATGGAGCCG GGCCACCTCG ACCTGAATGG
GCAGCGCCAC GTACCTCGGC CCGGTGGAGC TGGACTTACC
ArgArgGly AlaTrpSerArg AlaThrSer Threes

PRODUCT=TETRACYCLINE RESISTANCE PR >

1338 1348 1358 1368
ATTGGAGCCA ATCAATTCTT GCGGAGAACT GTGAATGLGC
TAACCTCGGT TAGTTAAGAA CGCCTCTTGA CACTTACGCG

1418 1428 1438 1448
CTCCAGCAGC CGCACGCGGC GCATCTCGGE CAGCGTTGGG
GAGGTCGTCG GCGTGCGCCE CGTAGAGCCC GTCGCAACCC

1498 1588 1518 1528

et
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Introduction to MacVector

Analysis toolbar
The Analysis toolbar appears across the top of the

screen whenever

MacVector is active. It provides shortcuts to most of the analysis func-
tions available in MacVector. The toolbar icons are enabled whenever a

suitable Sequence window is active.

5z . u -
B & it - .
RESearch WA Subseq. ORFs Baie Comp. MA Tosltas Tramslae Re Transcrigs. Matris  ClastalW  Abgn o Rel.

r .'h-'

The toolbar is fully customizable. You can turn the toolbar off and on
using window | Show/Hide Analyses Tools or modify its contents and
appearance using the Customize Toolbar option accessed by right-click-
ing on the toolbar when no other windows are open.

All of the Analysis toolbar icons can be added to the standard Sequence

window toolbars too.

Site and motif searches

MacVector includes protein motif, nucleic acid motif, restriction site
and proteolytic site searching. Motifs can consist of 1, 2 or 3 parts, and
you can define the gap between each part. ORF detection can be used to
assist gene detection. Search results can be displayed as annotated
sequences, subsequence maps, fragment predictions and sizes, and tabu-
lar data summaries, allowing flexible processing of data.

All motif searches are based upon subsequence files, which contain a set
of motifs. You can edit and create new files to contain your own search

analyses.

pBR322

EcoRY

Hindlll Mzpl

Haelll

Alul Mzp|

Rzal

Haelll

Alul

Mspl Sall Alul

SauZ Al Haelll Sphl_Haell| Mspl

tetracyeline resistance gene

500
Haelll

750

Hinf| Hinell  Mspl

SauTal
Haelll

SauZal Mspl Mspl

BarmHI

SauZal
Hinf|

Haelll
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Sequence comparison, alignment and phylogeny

Sequence comparison, alignment and phylogeny

MacVector uses Pustell matrix analysis to compare two sequences, gen-
erating a dot plot that provides an excellent overview of the sequence
similarity. You can also compare a query sequence via the Internet to
databases available on the NCBI server, using the BLAST algorithm.

You can compare and align a set of sequences that are stored in a folder,
or use different algorithms to align multiple sequences. The MSA Editor
lets you enter, import and edit multiple sequences, and perform phylo-
genetic analyses, generating tree diagrams of their evolutionary rela-
tionships.

ano i Prions — Picture =)

P
@ d
ot.c:luzreﬂ_{ﬁrreau
GLCKKRPEPGGGWNTGG S R|
GLCKKRPKPGGGWNTGG 5 R|
GLCKERFEFGG] TGGSER|
GLCKKRPKPGG|-WNTGGSR|
.iGLCKKERPKPGG| TGG SR

MVYMANLG W LVLFVA WSD.GLCKKRPEFPGGGWNTGGSR

Aligning sequences to a reference

The Align to Reference tool in MacVector enables you to align one or

more sequences against a reference sequence so that you can quickly

identify differences or similarities. Two different options are available:
8N PSEN1_Genomic Assembly — Editor =

DB @ (30 Mg S == B S

Unlocked TextView Prefs Replica  AddSegs Remove Seqs Align Translaions Dots Create  Width  First Mismatch Next Mismatch

Editor | Map | Features | I Text |
|G 55378 385 55358 486 55418 a5 i 7 $5456 554680 5478
PSEN1_Genomic| |7arTGARATGCTTTCTTTTCTAGGTCATCCATGCCTGGCTTATTATATCATCTCTATTGTTGCTGTTCT T TTTTCATTCATTTACTTGGGGTAAGTTGTGARATTTTTGGTCTG
Consensus: |[TATTGARATGC-TTCTNTTCTAGGTCATCCATGCCTGGCTTATTATATCATCTCTATTGTTGCTGTTCTTTTTTTCATTCATTTACTTGGGGTAAGTTGTGARATTTGGGGTCTG

<5 I S PR WO O -l A B G 05 o G W L TR T B i G e T P e T ol e |
+ . W .

AF205582 7 O MR o (O
HUMPS1ADT
HUMP 51402
AF416717

P51_mANA
HUMP 51403
HUMP 51404
HUMP 51405
HUMP 51406
HUMP 51407
HUMP 51408
HUMP 51408
HUMPS1A10
HUMPS1ALT

TATTGARATGE - TTCTY TTCTAGGTCATCCATGLCTGECTTATTATATCATCTCTATTGTTGCTGTTCTTTTTTTCATTCATTTACTTGGGGTARGTTGTGARATTTGEEETCTG
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The Sequence Confirmation tool lets you align one or more sequences
or chromatogram sample files against a reference sequence. While the
cDNA Alignment tool lets you align one or more cDNA clones against a
reference genomic sequence.

Protein and nucleic acid toolbox analysis
Property profiles for both nucleic acid and protein sequences can be

plotted.

MacVector can be customized to display various combinations of prop-
erties. It is easy to magnify regions of interest.

ene pBR322 Trinucleotide Distribution

Freguency

06 A29141 Protein Toolbox Plot

. TAC trinucleotide distribution £

100 Histogram Bars Displayed
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Using MacVector

This part describes how to use MacVector and
includes the following chapters:

Chapter 3, “General Procedures™, describes how
you can customize the appearance of the
sequences and graphics displayed by MacVector.

Chapter 4, “Working with MacVector Files”,
introduces all the file types that MacVector uses,
and how to modify non-sequence files.

Chapter 5, “Working with Sequences and
Features™, describes how to create and modify
sequences and their associated features and
annotations.

Chapter 6, “Searching and Downloading
Sequences in the Entrez Database™, describes
how to locate and extract complete sequences
from the Entrez database released by NCBI.

Chapter 7, “Calculating Sequence Properties”,
describes how to calculate property profiles and
how to search a nucleic acid sequence for coding
regions.

Chapter 8, ““Searching for Sites and Motifs”,
provides guidelines on working with the sequence
search methods in Mac\ector.

Chapter 9, “Click Cloning™ describes the click



cloning functionality available in MacVector and
how it can be used to simulate commercial
cloning technologies.

Chapter 10, ““Primer and Probe Design”,
describes the methods used to design primers and
screen for primers and probes.

Chapter 11, “Using Transcription and
Translation Functions™, describes the facilities
for controlling the transcription and translation of
DNA to protein using any genetic code, and also
reverse translation.

Chapter 12, ““Aligning Sequences™, describes the
range of methods available in MacVector for
sequence comparison and alignment.

Chapter 13, “Aligning sequences using a folder
search” describes how to use the Align to Folder
functionality provided in MacVector.

Chapter 14, “Aligning and Downloading
Sequences with BLAST”” describes how to align
sequences using internet BLAST.

Chapter 15, “Comparing Sequences using Pustell
Matrix Analysis (Dot Plot)”, describes the
MacVector implementation of Pustell matrix
analysis for sequence similarity.

Chapter 16, ““Aligning Sequences to a Reference”,
describes how to align one or more sequences
against a reference sequence so that you can
quickly identify differences or similarities.

Chapter 17, ““Aligning Multiple Sequences”,
describes how to handle, display and edit multiple
sequences.

Chapter 18, ““Reconstructing Phylogeny”,
describes methods for generating phylogenetic
trees from multiple alignments of nucleic acid or
protein sequences.

Chapter 19, “Sequence Assembly”, describes the
Assembler add-on module for Contig Assembly.
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- General Procedures

Overview

This chapter describes several generally useful functions available in
MacVector for visualizing, formatting and interpreting results. It also
describes how you can use:

= the numeric keypad to make it easier to enter nucleotide sequences
= the proofreader to have the residue sequenece read back to you
= the Find tool to search for and replace specific subsequences or

features
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General Procedures

Performing sequence analysis

In general performing sequence analysis with MacVector involves three
steps:

= First you must open a sequence, then select an analysis tool from a
toolbar or menu.

= Secondly, you must setup the analysis. Most analyses require you
to supply input parameters or supporting files.

= Finally, you can filter the results of the analysis. Most analyses
produce summary results and at this stage it is possible to select
which results are shown in detail. You can also choose how you
want the results to be displayed by selecting which type of results
window to use.

This is illustrated in the example given below.

Example - searching for restriction enzyme sites

To search for restriction enzyme sites manually, then filter and dis-

play the results

1. Make the required nucleic acid Sequence window active and choose
Analyze | Restriction Enzyme from the main menu.

2. Select your search criteria by choosing from the Search Using drop-
down menu as follows:

= choose all enzymes to use all the enzymes in the selected enzyme
file
= choose selected enzymes to use only the enzymes that you have
selected within the enzyme file
= choose other criteria to display further options
And, if you have chosen other criteria, do one or more of the following:

= to restrict the search to enzymes whose recognition sites are a cer-
tain size, type the size limits into the site size text boxes.

= to limit the search to enzymes that leave 5' ends, 3' ends, or blunt
ends when they cut the sequence, select the appropriate option
from the end structure drop-down menu.

Finally, to restrict the search to enzymes that cut the sequence a limited
number of times, type the upper limit in the number of cuts text box.
Then select ok to perform the analysis. When this is complete, a result
filtering dialog is displayed.
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Viewing results

3. Select from the following filters for the results, as required:
= by the number of cuts an enzyme makes
= by the end structure of cut fragments
= by restriction site size
= by the residue range in which the cut site occurs

And select Display Options to generate separate windows displaying the
results. Click ok to display the results windows.

Viewing results

The results of a MacVector sequence analysis are displayed in one or
more windows. Many graphical results are displayed as a map, whose
appearance is controlled by two dialog boxes:

= the Symbol Editor, see “Editing the global symbol set”” on page 94

= the Graphics Palette, see “Editing the general map appearance”
on page 109.

Non-graphical results appear as text listings.
Magnifying a graphic area
You can enlarge a region of any displayed graphic result.

To magnify an area of the graphic

1. Move the mouse cursor into the graphic area so that the mouse cur-
sor changes to a magnifying glass.

2. Hold the mouse button down at one side of the area you want to
enlarge and drag the cursor to the other side of the required area.

3. When you have selected the required area for enlargement, release
the mouse button.

The selected area of the graphic is enlarged and redisplayed.

To return a magnified area to the original size
1. Double-click the mouse button in the graphic area.
The graphic is redisplayed with the entire residue range.

You can also resize any graphical result so that it fits entirely within the
current window using the Fit to Window option on the Graphics Palette
(see “Editing the general map appearance” on page 109).
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Outputting results

You can output the results of an analysis in two ways:
= Print the results
= Save the results to a file.

To print results
1. Make the plot or list you want to print active by clicking on it.
2. Choose File | Print.

A dialog box is displayed, enabling you to choose your printer and its
settings.

3. Select print to print the results.
A dialog box is displayed, informing you of the progress of the printing.

Tip. All or part of a list result can be copied to the clipboard by highlighting the
required text.

To save results to a file

1. Make the view you want to save active by clicking on the corre-
sponding tab.

2. Choose File | Export.

The Export dialog box is displayed.

3. If required, navigate to an alternative folder, or create a New Folder.

4. If required, change the file name by typing in the Save As text box.

5. Select save to export the file.

The representation of the underlying data displayed in the current view
is exported to a file in an appropriate format, for example a PDF file for
graphics or a text file for annotations.

Saving graphics

In line with most modern OS X applications, MacVector uses the PDF
format for exporting most graphics. However, some parts of Mac\ector
still use the older PICT format, for example, Phylogenetic trees and
ClustalW guide trees still use the PICT format.

You can export these graphics files directly from the corresponding
graphics view using the File | Export option.

Alternatively, you can copy the graphics from a graphics view and place
them on the clipboard for pasting directly into another application.
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PDF format retains high resolution and can be pasted into many applica-
tions (Adobe Illustrator, TextEdit, Pages, KeyNote etc.) with no loss of
resolution. However, some older applications, particularly Microsoft
Office 2004 programs such as PowerPoint or Word, cannot import clip-
board information in PDF format. So, MacVector also places graphical
information on the clipboard in bitmap format.

You can control the resolution used by MacVector for bitmap copies
using the Map View preferences dialog accessible using MacVector | Pref-
erences from the menu, then clicking the Map view icon on the prefer-
ences dialog, or by clicking the prefs icon on the toolbar when a Map
view is selected.

PDF files

Most graphics in MacVector are exported as PDF files. This format is
best as long as the intended application supports PDF. PDF is a vector
format, and if your intended application supports both PDF file input
and vector image editing (e.g. Adobe Illustrator CS3, or Adobe Photo-
shop CS3), then the MacVector graphic can be edited further in that
application.

To Save a PDF image of a graphic

1. Select the required graphics view and choose File | Export from the
menu.

The Export dialog box is displayed.

2. If required, navigate to an alternative folder, or create a New Folder.
3. If required, change the file name by typing in the Save As text box.
4. Select save to export the file.

Or, alternatively

1. Select the required graphics view and choose File | Print from the
menu.

The Print dialog box is displayed.
2. Click the PDF button and choose Save as PDF... from the menu.

3. Navigate to the folder where you want to save the graphic data and
choose save.
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To Copy a PDF image of a graphic to another application
1. Choose the required graphics view and select Edit | Copy from the
menu.
2. Navigate to the application you want to copy the graphic to, and
select Edit | Paste in that application.
Note. It is not necessary to select anything within the graphics view in order to
copy its contents to the clipboard for pasting.

Bitmap files
MacVector places graphical information on the clipboard in bitmap for-
mat. To increase the quality of the exported bitmap image you can use
oversampling to increase the resolution of the image placed in the clip-
board. By default, MacVector has bitmapped copy turned on with 1x
oversampling. This copies an image with the same resolution as you can
see on the screen.

en Map View
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4 wt | r 7 | s
Genaral_Aligned Sequence Colors Fams eiermet Uigemss | Map View! Sfmare Uprate Text view
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X Offser 2 Blur: 2 Set Enzyme File..
Open
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Use all enzymes

[ simplify layout for large sequences
(=} Only use selected enzymes

™ Enable Label Hiding

Hidde Labels when the
" 5 : number ol Fratutes 1000
Graphics Height | 16 £ i

Maximum Levals: | 10

When you choose Edit | Copy, the entire graphical image is copied and
placed on the clipboard, not just the visible region. For large sequences
this can be a tremendous amount of information, particularly if you use
2x or 4x oversampling to increase the bitmap resolution. You can limit
the amount of memory MacVector allocates for the bitmap copy by
changing the appropriate value in the Map view preferences dialog. By
default this is set to 16 MB. If the required memory would exceed this
value, the bitmap copy is simply skipped.
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PICT files

Some parts of MacVector still use the older PICT format, for example,
Phylogenetic trees and ClustalW guide trees are exported in PICT for-
mat. PICT files are specific to Macintosh computers. They include extra
high-resolution information, which is not visible on the screen, but
increases the printed quality. If you are always working and printing on
a Mac, PICT files are standard and convenient.

Note. This feature is included for legacy purposes only. Most graphics in
MacVector are now exported in PDF and bitmap format.

Formatting the Aligned Sequence view

You can customize the appearance of the alignment portion of the
Aligned Sequence view, both as it appears on the screen and as it will be
printed. This formatting does not apply to multiple sequence align-
ments, which have their own formatting options.

The aligned sequence formatting enables you to control:
= whether or not a query sequence line will appear
= the style and display of a score line

= how often the aligned sequences will be numbered and how often
vertical alignment characters will appear

= the display of vertical and horizontal alignment characters

= the representation of matching and mismatching residues.
Characteristics of the query sequence are customized using the Text Dis-
play options. Examples of formatting can be found in Appendix D,
“Formatting Examples™.
This functionality can be accessed at any time, whether an aligned
sequence is present or not. If an aligned sequence is present, it will be

updated to reflect changes when you click Apply, switch to a different
view or close the dialog.
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8eoon Aligned Sequence
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Lines Match Character
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There are three possible components to an Aligned Sequence view:
= the aligned sequence

= the score line
= the query sequence.

If all three are present, they appear beneath each other in the order
shown above.

Formatting the aligned sequence

The format of an aligned sequence affects the numbering of residues,

representation of matched and mismatched residues, and visual align-
ment aids.

To format an aligned sequence

1. Choose MacVector | Preferences from the menu, then click the
Aligned Sequence icon on the preferences dialog.

The Aligned Sequence preferences dialog box is displayed.

Note. You can also access the Aligned Sequence preferences dialog using Options
| Aligned Sequence from the menu.

2. Type a number in the Numbering text box to number the sequence
residues at that interval.

42 MacVector User Guide



Formatting the Aligned Sequence view

3. Type a number in the Vertical Alignment text box to insert vertical
alignment characters at that interval through the display.

This is an aid to keeping your place as you scan down through the
aligned sequences. If you enter a zero in this box, no vertical alignment
characters will appear.

4. Type a character in the Vertical Alignment char. text box to use as a
vertical alignment character.

If you do not want any vertical alignment characters to appear, type a
space in the box or leave it empty.

5. Type a character in the Horizontal Alignment char. text box to use as a
horizontal alignment character.

This is an aid to keeping your place on the line as you scan left to see the
sequence name. If you do not want any horizontal alignment characters
to appear, type a space in the box or leave it empty.

Note. Do not use a hyphen, because MacVector uses hyphens to represent dele-
tions and gaps in the aligned sequence.

6. From the Match Character panel, select the radio button correspond-
ing to how you want to represent residues in the aligned sequences
that match residues in the query sequence.

The character radio button enables you to enter a character of your
choice in the text box.

7. From the Mismatch Character panel, select the radio button corre-
sponding to how you want to represent residues in the aligned
sequences that do not match residues in the query sequence.

The character radio button enables you to enter a character of your
choice in the text box.

8. Select oK to apply the formatting.
Each Aligned Sequence view is updated with the formatting changes.

Displaying a score line

Each character in the score line represents the score assigned to the
comparison between the residue in the aligned sequence and the corre-
sponding residue in the query sequence. This gives you a semi-graphical
indication of which regions along the length of the sequence match the
query sequence well and which match poorly.
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To display a score line

1. Choose MacVector | Preferences from the menu, then click the
Aligned Sequence icon on the preferences dialog.

The Aligned Sequence preferences dialog box is displayed.

Note. You can also access the Aligned Sequence preferences dialog using Options
| Aligned Sequence from the menu.

2. Select the Score Line check box to display a score line beneath each
of the sequences in the alignment.

3. Type a character of your choice in each of the boxes labeled +1 or
greater, between -1 and +1, and -1 or less.

These characters can identify matching residues along the aligned
sequence. Most scoring matrices give a positive score to an exact or
equivalent match, and a negative score to a mismatch. Any or all of
these boxes may contain a space character or be left blank.

4. Select oK to apply the score line.
Each Aligned Sequence view is updated with the formatting changes.

Displaying a query line
The query sequence can be displayed beneath each of the sequences in
the alignment. The format of the query sequence is controlled using the
Text Display options. See “Formatting the Aligned Sequence view” on
page 41.
To display a query line
1. Choose MacVector | Preferences from the menu, then click the

Aligned Sequence icon on the preferences dialog.

The Aligned Sequence preferences dialog box is displayed.

Note. You can also access the Aligned Sequence preferences dialog using Options
| Aligned Sequence from the menu.

2. Select the Query Line check box to display a query line beneath each
of the sequences in the alignment.

3. Select oK to apply the query line.
Each Aligned Sequence view is updated with the formatting changes.
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Configuring the numeric keypad

This option enables you to assign the one-letter codes for nucleotides to
keys of the numeric keypad (if your Macintosh has one) to make it eas-
ier to enter sequence data with one hand.

Assignments can be made whenever the menu bar is accessible, but they
will be in effect only when a nucleic acid sequence tab is active. At
other times, the keypad keys will retain their normal assignments as
numbers or symbols. The assignment is not retroactive; if you type in
some bases from the keypad, then change the keypad assignment in
mid-sequence, the bases you previously typed in will not be changed.

KeyPad Assignments

Clear Keys

oK |

Cancel

To configure the numeric keypad
1. Choose Options | Set Keypad.
The KeyPad Assignments dialog box appears.

2. To cancel all keypad assignments that are currently in effect, select
the Clear Keys button.

3. Click on the box corresponding to the key that you want to assign.
4. Type the letter to assign to that key.
Only valid IUPAC one-letter codes will be accepted.

Note. When assigning IUPAC codes to the keypad, the letter u is not used.
Instead, the T key enters T into a DNA sequence and U into an RNA sequence.

5. To make changes permanent, do one of the following:

= select the cancel button to discard all changes made. MacVector
ignores any changes you may have made to the keypad assign-
ments and retains existing ones.
= Select OK to accept the keypad assignments that are currently dis-
played.
The assignments are saved when you exit MacVector.
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Using the proofreader

MacVector provides a proofreading tool that enables you to have the
residue sequence read back to you. This facility is available both as you
type a sequence in, and as a proofreading tool on a selected sequence.

© Proof Reader

Rewind

FastForward

Play/Stop

Reading a typed sequence
You can have a sequence repeated to you as you type.

To read back a sequence as it is typed

1.
2.

4.

Choose Windows | Show Proofreader to display the proofreader.

Click on MENU to select a male or female voice and the volume level
as required.

Position the cursor in the Sequence window at the insertion point
where you want to enter the new or additional residue sequence.

Type in the sequence.

As you type the sequence, it is read back to you.

Proofreading a sequence
After you have entered a sequence, you can proofread it.

To proofread a sequence

1.
2.
3.
4.

Select the required portion of the sequence to be proofread.
Choose windows | Show Proofreader to display the proofreader.
Select a male or female voice and the volume level as required.
Select the start button on the proofreader to begin.

Each residue is unhighlighted in turn as the sequence is read.

5.

If required, you can pause the playback at any time with the pause
button on the proofreader.
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6. If required, you can move backwards or forwards along the sequence
by using the fast forward and rewind buttons of the proofreader.

Selecting the sequence using the proofreader
The sequence for proofreading can be selected by using the fast forward
and rewind buttons of the proofreader.
To select the sequence using the proofreader

1. Position the insertion point at the beginning or end of the required
selection.

2. Use either the fast forward button or the rewind button to highlight
residues from the insertion point.

3. Use the stop button when the required residue block has been high-
lighted.

The sequence can now be proofread as described previously.

Searching

The Find tool in MacVector provides powerful and flexible search and
replace capabilities for finding specific subsequences in proteins and
DNA in the current sequence or multiple sequence alignment. It also
enables you to search features associated with a sequence and analysis
results, such as BLAST search results.
Choose Edit | Find to display the Find dialog box. The dialog box has
three tabs for the three different types of search: Feature, Sequence and
Results.

.0 Find

| Feature | Sequence | Results !

Find: || 22

£ Search from: | §'End (Top Strand) |5

[ Literal Strand: | Both = ] Phase: | All 14

|_IWrap Around

Searching sequences

The sequence search enables you to find specific subsequences in pro-
teins and DNA in the current sequence or multiple sequence alignment.
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Tip. If you only need to find a specific residue number, use Edit | Jump to Loca-
tion. The number you specify can be relative to the 5' end of the sequence, the 3'
end of the sequence, the current position of the insertion point, or the plus or
minus origin.

To perform a subsequence search

1.

Choose Edit | Find from the main menu.

The Find dialog box is displayed.

2.

Ensure that the Sequence tab is selected.

This tab is selected by default if the Find dialog box is opened when a
Sequence Editor or MSA Editor view is active.

3.
4.

Type the subsequence that you want to find in the Find text box.

Choose where to start the search from using the Search from drop-
down menu.

Choose which strand to search from using the Strand drop-down
menu. By default, both strands are searched.

Choose which phase to search from the Phase drop-down menu.

By default, the Find tool uses IUPAC codes to search for matching
residues, so that the search string AGY will also locate the ambigu-
ous residues AGT and AGC. If you just want to locate the sequence
AGY, then check the Literal box.

By default, the Find tool will match any queries in circular
seqgeuences that cross the origin, searching from the 5' end of a for-
ward sequence (and 3' end of the reverse sequence) until it finds the
first match, then looking for the subsequent matches until it reaches
the end of a sequence. If you want to locate matches indefinitely
around a sequence, then check the wrap Around option.

Do one of the following:

= to find the first occurrence of the subsequence, select Find
= to find the next occurrence of the subsequence, select Find Next
= to find the previous occurrence of the subsequence, select Find

Previous

If the subsequence is present in a sequence, it will be highlighted, if not,
the alert will sound.

You can also use the Find tool to search a protein sequence using a DNA
subsequence and vice versa. This is useful if, for example, you want to
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find all subsequences in a DNA sequence that could code for the tripep-
tide leucine-serine-arginine.

MacVector automatically performs the translation (or reverse-transla-
tion) using the current genetic code.
To search a DNA sequence using a protein subsequence

1. Choose Edit | Find from the main menu.
The Find dialog box is displayed.
2. Ensure that the Sequence tab is selected.

This tab is selected by default if the Find dialog box is opened when a
Sequence Editor view is active.

3. Click the molecule icon to toggle from DNA to protein.
4. Type the protein subsequence in the Find text box.

5. Select other options if required, as described in steps 2 through 8 in
the procedure “To perform a subsequence search’ on page 48.

6. Select Find to perform the search.
Tip. If you select the molecule button again after entering the subsequence, you
can see the translated DNA subsequence.

To search a protein sequence using a DNA subsequence

1. Choose Edit | Find from the main menu.

The Find dialog box is displayed.

2. Ensure that the Sequence tab is selected.

This tab is selected by default if the Find dialog box is opened when a
Sequence Editor view is active.

3. Click the molecule icon to toggle from protein to DNA.
4. Type the DNA subsequence in the Find text box.

5. Select other options if required, as described in steps 2 through 8 in
the procedure ““To perform a subsequence search” on page 48.

6. Select Find to perform the search.
The Find tool also enables you to specify a replacement string.

To replace one subsequence with another in a sequence
1. Choose Edit | Find from the main menu.

The Find dialog box is displayed.

2. Ensure that the Sequence tab is selected.
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This tab is selected by default if the Find dialog box is opened when a
Sequence Editor view is active.

3. Type the subsequence you want to find in the Find text box.
4. Type a replacement subsequence in the Replace text box.

5. Select other options if required, as described in the procedure “To
perform a subsequence search” on page 48.

6. Do one of the following:

= to substitute the replacement string for the first occurrence of the
subsequence, select Find then Replace. After replacement, the
Replace button is unavailable.

= to substitute the replacement string for the selected occurrence of
the subsequence and find the next occurrence of the subsequence,
select Replace & Find

= to substitute the replacement string for all occurrences of the sub-
sequence, select Replace All

Searching features

The feature search enables you to find specified text within the features
associated with a sequence.

Search results are selected automatically in the Sequence Map and
Sequence Features views, either all at once using the All button or one at
a time using the Next and Previous buttons.

You can limit your search to a subset of the features by including a Fea-
ture type or a Qualifier type in your search.

You can also build more complex queries, by searching only those fea-
tures that are already selected.

To perform a feature search

1. Choose Edit | Find from the main menu.

The Find dialog box is displayed.

2. Ensure that the Feature tab is selected.

This tab is selected by default if the Find dialog box is opened when a
Sequence Feature view or a Sequence Map view is active.

3. Type the term that you want to find in the Find text box.

4. Optionally, restrict your search to a particular Feature type by select-
ing it from the list.
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5. Optionally, restrict your search to a particular Qualifier type by
selecting it from the list.

6. Do one of the following:
= to select all features that match the search parameters, use All

= to scroll through the features that match the search parameters one
at a time, use Next and Previous

Searching results

The results search enables you to find specified text within the results
windows from analyses such as Blast and Align to Folder.

To perform a results search

1. Choose Edit | Find from the main menu.

The Find dialog box is displayed.

2. Ensure that the Results tab is selected.

This tab is selected by default if the Find dialog box is opened when
Results window is active.

3. Type the term that you want to find in the Find text box.

4. Check ignore Case to make your search insensitive to the case of any
matching text.

5. Check wrap Around to make your search locate matching text which
straddles more than one line.

6. Scroll through the search results one at a time, using Next and Previ-
ous.
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S
EP
4 Working with MacVector Files
™

Overview

This chapter introduces all the file types that are used by MacVector.
It also describes how the following file types can be modified:

= enzyme files
= subsequence files
* scoring matrix files

Chapter 5, “Working with Sequences and Features” describes how to

manage and edit sequence files.
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MacVector file types

Sequence files

g K

Ram Qperan Fam#

These two icons are used for nucleic acid and protein sequence files.
They are in a binary file format and can only be opened and edited
within MacVector.

MacVector can also open nucleic acid and protein sequences in all
major ASCII formats. See Appendix G, “Supported File Formats and
File Extensions™ for a complete list of the sequence formats MacVector
supports.

For more information about sequence files, see “Sequence files” on
page 72, and Chapter 5, “Working with Sequences and Features™.

Enzyme files
gg g >
] "I-""F
DA e, F
AAR Restriction Enzyme proteolytic enzyme

These icons are used to represent restriction enzyme and proteolytic
enzyme files. They are in a binary file format and can only be opened
and edited within MacVector.

Subsequence files

M
i 'H-\-ﬂ'
g k'% g o
H’?‘% LN
nucleic acid subsequence protein subsequence

These file icons are used for nucleic acid and protein subsequence files.
They are in a binary file format and can only be opened and edited
within MacVector.

54 MacVector User Guide



MacVector file types

Scoring matrix files

# #

DMNA database matrix DMNA identity matrix

= ~
pamZ 505 matrix protein identity matrix

These icons are used to represent the nucleic acid and protein scoring
matrix files that are used in the matrix comparisons and database
searches. They are in a binary file format and can only be opened and
edited within MacVector.

: - 5{

D. melanogaster codon E.Coli codon bias
bias

Codon bias files

e

This icon is used for files that contain codon bias tables. You cannot
open and edit a codon bias file directly.

Multiple alignment files

=

Mammalian mtDNA  Mammalian mtDNA
genomes — DNA genomes - AA

These icons are used for files generated by MacVector that contain mul-
tiple alignments of DNA or protein sequences. They can be opened and
edited within MacVector.
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Managing files
This section describes some general procedures for managing files:
= creating a file
= opening a file
= saving a file
= closing afile

Creating new files
You can create new files of the following MacVector file types:
= restriction enzyme or proteolytic enzyme files
= nucleic acid or protein sequence files
= nucleic acid or protein subsequence files
= nucleic acid or protein multiple alignment files
= nucleic acid or protein scoring matrix files

Codon bias files are created by a different process. See Chapter 10,
“Primer and Probe Design™ for further details.

To create a new file

1. Choose File | New from the menu.

2. Choose a file type from the submenu.

An untitled window of the appropriate type is displayed.

Alternatively, press <88 > + N on the keyboard to create a new nucleic
acid sequence file.
Opening files
You can open any of the following types of files for editing:
= restriction enzyme or proteolytic enzyme files
= nucleic acid or protein sequence files
= nucleic acid or protein subsequence files
= nucleic acid or protein multiple alignment files
= nucleic acid or protein scoring matrix files

Codon bias files can only be accessed during codon preference analysis.
They cannot be opened for editing.

56 MacVector User Guide



Managing files

You can open any file that MacVector recognizes using the open dialog

box.
lalaNs) Open
(<[> (22 = ] mi || &~ |[ s Sample Files 5 (@
FAVORITES Name «| Date Modified
& A23035 S Dec 2001 15:00
SHARED ¥ A25342 5 Dec 2001 15:00
Netins ¥ A25377 5 Dec 2001 15:00
& A25601 5 Dec 2001 15:00
MEDIA § A25873 5 Dec 2001 15:00
J3 Music § A26561 5 Dec 2001 15:00
& Photos & AZ9141 5 Dec 2001 15:00
B Movies # Bacteriophage lambda 23 Apr 2008 22:46
§ VB 5 Dec 2001 15:00

A

i

D.pseudoobscura ADH alignment
FVVFEA

GalCosmid.nucl

HIV type 1 virus

5 Dec 2001 15:00
5 Dec 2001 15:00
20 Oct 2009 23:44
5 Dec 2001 15:00

Enable: |-KI.I.[.i-n(umen{s

Open Multiple Sequence File As: | Auto

To open a file

1. Choose File | Open.
The open dialog box is displayed.

Cancel | Oper

2. To restrict the types of files displayed, click the Enable arrow button
and choose the required file type from the drop-down list.

3. Browse to the appropriate directory and choose the required file

from the list. You can also use the search box at the top right of the
dialog box to help you locate your files.

4. To open more than one file, hold down the <shift> key and continue
to choose files form the list. (A second <shift>-click on the same file

will deselect it.)

5. If you have selected a file containing multiple sequences, the Open
Multiple Sequence Files As: menu enables you to choose whether to

open each sequence in a separate window, or all the sequences
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aligned, in a single window. See “Opening multiple sequences™ on
page 312 for details.

6. Select open to open the file(s) and close the dialog box.
7. The files are displayed in windows of the appropriate type.

Saving files

When files are modified, the entries take immediate effect on the copy
in memory. The changes are only made permanent when you use either
File | Save Or File | Save As.
To save a file
1. Ensure the required window is active.
2. Do one of the following:

= choose File | Save to save changes to the file.

= choose File | Save As to save the changes as a new file. If you do
this, you must provide a new name for the file in the save As edit
box, before saving the file using the Save button.

Closing files

To close a file
1. Choose File | Close.
The file and its associated window are closed.

Enzyme files

Enzyme files contain a list of enzymes and details of the recognition site
they require for cleaving a sequence.

Restriction enzymes (for cleaving nucleic acid sequences) and pro-
teolytic enzymes (for cleaving amino acid sequences) are stored in sepa-
rate files. MacVector is supplied with several enzyme files. The
restriction enzyme files are a mirror of the REBASE database of restric-
tion enzymes.

You can edit restriction enzyme and proteolytic enzyme files. MacVec-
tor enables you to:

= select a subset of enzyme entries and save the selection for use
with the restriction enzyme or proteolytic enzyme analyses

= delete existing enzyme entries from the file
= change the data for existing enzyme entries
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= add new enzyme entries to the file

800 Commercial Restriction Enzymes.renz

: 0 [=] Y P Sedliafic

'%’_ i’_'i |-J1jF U @ }6 Q- Sequence
NAEnzyme Locked Add Edit Delete Deselect Filter

- Name &| Sequence Comment
(| Aanl TTAITAA Isos: Psil, M.Psil. QOrganism: Arthrobacter aurescens RFL2
| Aarl CACCTGCNNNNTNNNN.  Organism: Arthrabacter aurescens $52-322
[ | Aasl GACNMaNNTNNGTC Isos: Drdl, DseDl, TrsSll. Organism: Arthrobacter aurescens RFL3
0 Aatl AGG CCT Isos: Stul, Asp78l, AspMI, Chyl, Ecol471, M.Eco147], Ecol52...
[ Aatll CaACCTTC Isos: M.Aatll, AspJl, Ppul2531, M.Ppul253l, Ssp52301, Zral....
|| Absl CCTTCGALCE Organism: Arthrobacter species 7MOG
[ AcclBl TGCIGCA Isos: Mstl, Acalll, Aosl, ApcTR1E3I, Avill, Beoél, BsaTl, Clcll,...
(] Acc36l ACCTGCNNNNTNNNNa Isos: BspMI, Bfual, M1.BfuAl, M2 Bfual, M1.BspMI, M2 BspMI, ...
[ | AccB5l GTCTACLC Isos: Kpnl, M.Acc651, AhaB&I, Asp718I, BspJ106l, Ecol49l, Es...
[ | AccBlI GTGYRCAC Isos: HgiCl, Banl, M.Banl, BbvEl, Bme05I, BshNI, BspT1071, Ec..
(] AccB?I CCANLNNNTNTGG Isos: PIMI, Acpll, Asp10HII, Basl, Esp1396l, M.Esp1396, PfIB...
M AccBS! ceoicTe Isos: BsrBl, M1.BsrBl, M2.BsrBI, BstD1021, Bst31NI, Mbil. Orga...
] Actl GTTMKLAC Isps: M.Accl, Dsavl, Fbll, OmiBll, Xmil. Organism: Acinetobac..
(] Acll CLICE Ises: FnuDll, Bce312931, BeeBl, BeeRl, Bepl, M.Bepl, BpuS5l, B...
[ Acclll TTCCGGLA Isos: BspMIl, M.Acclll, Aor13HI, Bbf74111, BhvAlll, Bla79201,...
E Acil CTEG.C Isos: M.Acil, BspACI, M1.BspACI, M2.BspACI, Ssil. Organismc. ..
(] Adll AATCCLTT Isos: M.Acll, Psp1406l, UbaN3l. Organism: Acinetobacter cal...
] Aciwi GGATCNNNN N Isos: Binl, Alwl, M.Alwl, BpuFl, BspPl, BsrWl, BstH9l, Bst31TI,...
| Acnl vYoore. o lsns: Cfrl AuadSR1 RARAL M Cfrl Cfrldl CHe3l Cfr30) Cfed

__ 3enzymes selected

Selecting enzymes for site analysis

You can choose a set of enzymes to use for a site analysis. This may be
useful, for example, when you want to restrict your analysis to those
enzymes readily available in your laboratory.

To select a subset of enzymes in an enzyme file

1. Open the required enzyme file, and ensure that the file window is
active.

A selection of enzyme files is available in the Restriction Enzymes
folder.

2. If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

3. Scroll through the enzyme list to find the name of each enzyme you
want to select.

Tip. You can navigate through the list by typing the first character of the restric-
tion enzyme, or by using the up and down arrows on the keyboard.
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4. Click on each required enzyme.

A check mark appears, and a line at the bottom of the window indicates
how many enzymes have been selected.

Tip. Use the clear selection button to deselect all entries.
5. Save the file to disk, using File | Save.

Your selections are saved and you will not have to repeat the selection
process every time you open the file.

Note. When you perform a restriction or proteolytic site search, you may use
either all entries in the enzyme file, or only those enzymes selected.

Tip. If you save the changes using File | Save As, you can save different selection
subsets.
Adding entries to an enzyme file

Entries can be added to an enzyme file at any time that the window for
that file is active.

Name:

(127 characters maximum}

Comments:

Problems

Name must be specified

Cancel oK

To add a new entry to an enzyme file

1. Open the required enzyme file and ensure that the file window is
active.

2. If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

3. Click the Add button on the toolbar.
The Enzyme Editor dialog box is displayed.
4. Type a name for the enzyme in the Name text box.
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5. Click the sequence representation in the center of the dialog box to
position the insertion point, then type the recognition site using the
IUPAC one-letter codes.

For proteins, enter the recognition sequence in the amino to carboxy
direction; for nucleic acids, in the 5' to 3' direction.

Note. Use parentheses to enclose a combination of amino acids for which there is
no one-letter assignment. For example, if the agent cleaves after an aspartic (D)
or glutamic (E) acid residue, denote it as (DE).

6. Drag the arrow-shaped control to the cut position.

For restriction enzymes, there are two arrows: the upper one to indicate
the cut position on the plus strand, the lower one to indicate the cut posi-
tion on the minus strand.

7. If required, you can enter a comment up to 254 characters long.
8. Select oK to add the enzyme to the file.
9. Choose File | Save to make the changes permanent.

Copying entries between enzyme files

Copying existing entries between files can be useful, for example to cre-
ate a customized enzyme subset from more than one file. This requires
that one or more enzyme files are open at the same time, and that the file
receiving the enzyme entries is unlocked.

To copy entries between files

1. Make the file from which you are copying entries the active window.

2. Select the enzymes that you want to copy using one of the following
methods:

= click to select a single entry

= hold down the mouse button and drag to select a continuous block
of entries

= hold the <shift> key in combination with either of the above to
retain already selected entries.

3. Choose Edit | Copy.
4. Make the file that is receiving the entries the active window.

5. If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

6. Choose Edit | Paste.
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The entries are added to the file in alphabetical order.

7.

Choose File | Save to make the changes permanent.

Note. If any of the entries were marked as selected, the selection will be retained.

Editing entries in an enzyme file

Entries in an enzyme file can be modified. This is generally useful only
when a mistake has been noticed in the existing entry.

To edit an enzyme entry

1.

3.
4.

Open the required enzyme file and ensure that the file window is
active.

If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

Select the enzyme that you want to edit.
Click the Edit button on the toolbar.

The Enzyme Editor dialog box is displayed.

5.

Modify the entry as required.

See “To add a new entry to an enzyme file’” on page 60, for further
details.

6.
7.

Select Ok to add the changes to the enzyme file.
Choose File | Save to make the changes permanent.

Deleting entries from an enzyme file
Entries in an enzyme file can be deleted when required.

To delete an enzyme entry

1.

Open the required enzyme file, and ensure that the file window is
active.

If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

Select the enzymes that you want to delete using one of the follow-
ing methods:

= click to select a single entry

= hold down the mouse button and drag to select a continuous block
of entries

= hold the <shift> key in combination with either of the above to
retain already selected entries
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4. Click the Delete button on the toolbar.
The selected entries are deleted from the file.
5. Choose File | Save to make the changes permanent.

Note. This is equivalent to using Edit | Clear. If you want to paste the deleted

entries into another file, use Edit | cut instead of the Delete button.

Subsequence files

Subsequence files contain a list of motifs that can be used to look for
structural and functional patterns within sequences. A subsequence may
consist of up to three parts, with the permitted gap between each part
defined, as well as the allowed mismatch for each part in a search. The
logic operators OR and AND can be used to specify whether any or all

of the parts need to be found in a sequence for it to be accepted.

MacVector is supplied with several subsequence files for both proteins
and nucleic acids. You can edit these to:

select a subset of entries and save the selection for use with the

subsequence analyses

delete existing entries from the file
change the data for existing entries
add new entries to the file

eoo # nucleic acid subsequence

¥ @ =m]/@ X e

NA Subseq Locked Add Edit Delete Deselect Filter
| Name 4| Sequence Comment
| -35_Seq TTCACA -35 sequence, prokaryotic promaters
] AP1 TKAGTCA Cell 49:729 & 741 (1987)
AP2 CCSCRGGC Cell 50:847 (1987): Cell 51:251 (1987}
| €=Jun TCAC Science 245:371 (1989)
[ | C/EBP TCTCCAAAC Science 245:371 (1989)
|g CAAT Box GGYCAATCT Science 217:316 (1982)
CAP_bind TCTCA CAP/CRP factor binding consensus. Science 224:8311(...
M Capsitel YCATTCR
 Capsitell YATCWGK
| CREB TCACGTCA Science 245:371 (1989)
CTF/NF-1 TCCCTNNNAGCCAA Cell 48:79 (1987); Cell 51:963 (1987)
[ | GCN4 ATGASTCAT EMBO | 8:261 (1989}
| | Homeao TCAATTAAAT Cell 56:573 (1983); TIBS 14:52 (1989)
| ISRE RCCAAANNGAAACT EMEO | B:832 (1989}
Lariat YNYTRAY Splicing branch site consensus. Cell 41:95 (1985)
| MalT_box GGAKGGA EMBO | 8:981 (1989}
[ | Octamer ATTTGCAT Mature 329:174 {1387)
|§] PolyA AATAAA Poly-A Signal - Proudfoot (1976) Nature26
B Pu_box AACAGGAAAA EMBO ] B:465 (1989}
[ Shine-Dal AGGAGGsDTG Shine-Dalgarno sequence.
[ ] Spl_site GCCCGo CC Box (euk promoter). Science 234:47 (86); Cell 51:.

7 subsequences selected
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Selecting subsequences for searches

You can choose a set of subsequences to use for a search. This may be
useful, for example, when you want to restrict your search to particular
functional patterns.

To select a subset of subsequences

1. Open the required subsequence file and ensure that the file window
is active.

2. If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

3. Scroll through the subsequence list to find the name of each subse-
guence you want to select.

Tip. You can navigate through the list by typing the first character of the subse-
quence, or by using the up and down arrows on the keyboard.

4. Click on each required subsequence.

A check mark appears and a line at the bottom of the window indicates
how many subsequences have been selected.

Tip. Use the clear selection button to deselect all selected entries.
5. Save the file to disk, using File | Save.

Your selections are saved and you will not have to repeat the selection
process every time you open this file.
Note. When you perform a search, you may use either all entries in the subse-
quence file, or only those subsequences selected.

Tip. If you save the changes using File | Save As, you can save different selection
subsets.
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Adding entries to a subsequence file

Entries can be added to a subsequence file at any time that the window
for the file is active.

Name:

a

Number of Parts: | 1 |5

Part #1

Sequence:

Perfect match (X):

Allowed mismatch: |0 Offset: |0

Comment:

* .
( Cancel )

To add a new entry to a subsequence file

1. Open the required subsequence file and ensure that the file window
is active.

2. If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

3. Click the Add button on the toolbar.
The Subsequence Editor dialog box is displayed.
4. Type a name for the subsequence in the Name text box.

5. Select the No. of parts radio button that corresponds to how many
parts the subsequence will have.
6. In the Part # text boxes, type the sequence for each part of the subse-
quence, using standard IUPAC one-letter codes.
Note. Use parentheses to enclose a combination of amino acids for an ambiguous
residue. For example, if either an aspartic (D) or glutamic (E) acid residue can
occur at a given position, denote it as (DE). However, for an ambiguous nucleic
acid residue, use standard IUPAC symbols, not parentheses.
7. Use the Perfect Match and Allowed mismatch text boxes to adjust the
tolerance of the match as follows:

= to specify an exact match, type O in Allowed mismatch and leave
Perfect match empty
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= to allow some degree of mismatching, type the maximum number
of mismatching residues that you will accept in the Allowed mis-
match text box

= to require that specific residues match exactly, type X beneath
those residues in the Perfect match box, using spaces to position
the Xs. For amino acid motifs, only one X can be placed beneath
each group of amino acids enclosed in parentheses. The allowed
mismatch cannot exceed the length of the sequence for that part of
the subsequence.

8. If you want to add an offset to the reported position of the subse-
guence when a search is performed, type a value in the Offset text
box.

Usually, the number of the first residue in the subsequence is reported.
9. If required, you can enter a comment up to 254 characters long.

10. For subsequences with more than one part, you can treat each part of
the subsequence as if it were a separate motif:

= select the Logic: or radio button to report a subsequence found if
any combination of the subsequence parts is found

= select the Logic: and radio button to report a subsequence found
only if all subsequence parts are found.

11. For subsequences with more than one part, select one of the Offset
part: radio buttons to report the position of the subsequence relative
to any of the parts.

This option appears only if you are using AND logic. It is used in con-
junction with the Offset value. If you select 1 as the offset part and type
0 as the offset, MacVector will report the position of the first residue of
the first part of the subsequence. If you select 3 as the offset part and
type 4 as the offset, MacVector will report the location of the subse-
quence to be the fifth residue of the third part of the subsequence.

12. For subsequences with more than one part, use the Gap text boxes to
specify the limits on the number of residues that may occur between
each part of the subsequence.

This option appears only if you are using AND logic. For example, if
your subsequence consists of two parts which may be separated by 10 to
20 residues, you would type 10 and 20 in the #1 - #2 Gap text boxes.
The gap values can be any number from zero upwards, and the second
number must be equal to or larger than the first.
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13. Select ok to add the subsequence to the file.
14. Choose File | Save to make the changes permanent.

Copying entries between subsequence files

Copying existing entries between files can be useful, for example to cre-
ate a customized subsequence subset from more than one file. One or
more subsequence files must be open at the same time, and the file
receiving the subsequence entries must be unlocked.
To copy entries between files
1. Make the file from which you are copying entries the active window.
2. Select the subsequences that you want to copy:

= click to select a single entry

= hold down the mouse button and drag to select a continuous block
of entries

= hold the <shift> key in combination with either of the above to
retain already selected entries.

3. Choose Edit | Copy.
4. Make the file that is receiving the entries the active window.

5. If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

6. Choose Edit | Paste.

The entries are added to the file in alphabetical order.

7. Choose File | Save to make the changes permanent.
Note. If any of the entries were marked as selected, the selection will be retained.
Editing entries in a subsequence file

Entries in a subsequence file can be modified. This is generally useful

only when a mistake has been noticed in the existing entry.

To edit a subsequence entry

1. If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

2. Click the edit button on the toolbar.
The Subsequence Editor dialog box is displayed.
3. Modify the entry as required.
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See “To add a new entry to a subsequence file’ on page 65, for further
details.

4. Select oK to add the changes to the subsequence file.
5. Choose File | Save to make the changes permanent.

Deleting entries from a subsequence file

Entries in a subsequence file can be deleted when required.

To delete a subsequence entry

1. If the file is locked, unlock it by clicking the Locked icon in the tool-
bar.

2. Select the subsequences that you want to delete:
= click to select a single entry

= hold down the mouse button and drag to select a continuous block
of entries

= hold the <shift> key in combination with either of the above to
retain already selected entries.

3. Click the Delete button on the toolbar.
The selected entries are deleted from the file.
4. Choose File | Save to make the changes permanent.

Note. This is equivalent to using Edit | Clear. If you want to paste the deleted
entries into another file, use Edit | Cut instead of the Delete button.

Scoring matrix files

You can make the following modifications to the scoring matrix files to
customize both the matrix comparisons and database searches:

= change the match/mismatch scores in the scoring matrix
= change the hash codes used during the hashing step

= change the deletion penalty

= change the gap penalty

= change the parameters used to calculate the cut-off score for per-
forming an optimized alignment
The default values for the above parameters in the scoring matrix files
supplied with MacVector are listed in Appendix C, ““Reference Tables”.
Modifications should be made with caution.
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Editing match and mismatch scores

The scoring matrix is displayed as a lower-triangular matrix. The hum-
ber located at coordinate (H,V) in the matrix is the score that is assigned
for an alignment between the two residues H and V.

8006 ® DNA database matrix

= & T/ #/
NA Matrix Locked Tweak Hash

- g

A [l 4]

C o2l 4]

M ol _a][_a][_4]

G o[22zl 4]

R [Co] a2l al ][ 4]

S ol =2l ][44 4]

i EIEIIEIEIEIIEI

T oIzl =22zl =zl =2l 2] 4]

W ol a][ 2]l =z][ =

) EIIEIEIIEIEIEI

H o))l sl =24l sl a4 4]

S S| | | | N Y |

D o]zl = sl al_al ][] a4 4]

B [ ol 2] &l all_al[ a4 a4l «l[_ 4]l _a][_al[_4]

N [a][o][_o][ o] o][ o] o] o] o] o][ o[ o] ol[ o] o][ 0]

- A C M G R S W 1§ w Y H K D B N

From left to right across the horizontal axis, and from top to bottom
down the vertical axis, the order for nucleotide codes is:

-ACMGRSVTWYHKDBN

and for amino acid codes is:

-ACDEFGHIKLMNPQRSTVWYBZX™*

The match and mismatch scoring is symmetric, so any change to the

score for a pair (H,V) is automatically applied to (V,H) in the matrix.

To edit the match/mismatch scores

1. Open the scoring matrix that you want to edit.

A window opens, displaying the lower-triangular scoring matrix.

2. Select the value to be edited using one of the following methods:
= click directly on a value

= type the first letter of a pair, then hold down the <shift> key and
type the second letter.
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3. Type the new score (it may be positive or negative) and press the
Enter key.

The scores are symmetrical, so if you change the score for the aligned
pair A by C, the score for the pair C by A is changed simultaneously.
Values assigned to the scoring matrix must lie between -99 and 99.

4. Select oK to save the changes.
5. Choose File | Save to make the changes permanent.

Editing hash codes

All residues that have the same hash code are treated as identical resi-
dues by the program. As an example, look at the hash codes for the
nucleic acid scoring matrix DNA database matrix. The ambiguous bases
W (which stands for A or T) and D (not C) are arbitrarily assigned the
same hash code as T. There are 21 possible hash codes for amino acids
(0 to 20) and four possible for nucleic acids (0 to 3).

Hash Code Editor

DNA database matrix Scoring Matrix Hash Codes...

= 1 G 2 i 3 K 2.
A 0D R 0 w |3 D 3
C 1 S 2 i 1 B 1
M0 ") 2 H 3 I+ 0
Cancel | [ 0K |

To edit the hash codes
1. Open the scoring matrix that you want to edit.
A window opens, displaying the lower-triangular scoring matrix.

2. Click the Hash button on the toolbar.
The Hash Code Editor dialog box is displayed.

3. Type values in the text boxes as required to make the residue types
equivalent.

4. Select oK to save the changes.
5. Choose File | Save to make the changes permanent.
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Editing tweak values

The tweak values are used to evaluate alignment scores, and can be
edited if required.

The cut-off score parameters are substituted into an equation that is used
to calculate the minimum score that an initial alignment must have
before an optimized alignment is performed. Ordinarily, these parame-
ters should be left at their default values. Accepted values are from 1 to
200.

The deletion penalty (single residue indel) is the value subtracted from
the score of an aligned region for every one-residue insertion or deletion
that was introduced in order to improve the alignment.

If an insertion or deletion longer than one residue was introduced into an
alignment, the score is reduced by the gap penalty (continuing indel)
times the number of bases in the insertion or deletion after the first one.

Accepted values for the deletion and gap penalties are from 0 to 100. By
altering the values for these penalties, you can control the number and
size of the insertions or deletions that you will permit when aligning two
sequences.

A large deletion penalty coupled with a small gap penalty will make it
difficult to introduce an insertion or deletion into an alignment, but will
make it fairly easy to extend one when it is introduced. Alignments per-
formed using this combination will not contain many insertions or dele-
tions, but those that do occur may be fairly long. This type of setting
should be used if you think that sequences in the database may contain
insertions or deletions of blocks of residues when compared to your
query sequence.

A small deletion penalty coupled with a large gap penalty will tend to
produce alignments containing many short insertions or deletions. You
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would use this type of setting if you expect that differences between the
sequences will involve single-residue insertions or deletions.

Tweak Editor
DNA database matrix Scoring Matrix Tweak. ..
Cut-Off = p1 + (QL/p2) + (p3 * (MH - CH))
if Cut-0Off > p4, Cut-0Off = p4
where._.

pl = ) p3 =5 OL = length of query
MH = max. hash level
p2 = 80 p4 =|80 CH = current hash level

Penalty for single residue indel: 12
Penalty per residue for continuing indel: | 4
Cancel | [ OK |

To edit tweak values

1. Open the scoring matrix that you want to edit.

A window opens, displaying the lower-triangular scoring matrix.

2. Click the Tweak button on the toolbar.

The Tweak Editor dialog box is displayed.

3. Type values in the text boxes as required to modify the tweak values.
4. Select Ok to save the changes.

5. Choose File | Save to make the changes permanent.

Sequence files

MacVector sequence files are binary files, rather than ASCII text files.
This means that you cannot read them using a word processor or text
editor. MacVector stores sequence file annotation and features table
data, as well as the sequence data itself. By using binary files that can be
edited only with MacVector, we can ensure that the files will be prop-
erly formatted.

MacVector provides features table support for files in GenBank format
(or GenBank variants). As new features are added to the GenBank for-
mat over time, support for them is included in upgrades of MacVector.
See Appendix E, “GenBank Feature Tables” for details of the feature
keywords supported in this version of MacVector.
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When non-GenBank files are imported, MacVector creates a GenBank-
style annotation section. Any nonsequence information in the original
files is placed in the annotation section under Comment, so no informa-
tion is lost.

When directed to open a file of type TEXT, MacVector parses it to see
if it matches one of the supported file formats. If there is no match, it
assumes that the file is sequence only.

MacVector reads the molecule type (nucleic acid or protein) directly
from the file, if possible. When it encounters a file format that does not
contain this information (such as line files, Staden files, and FastA files)
MacVector displays an alert box for you to indicate whether the file
contains a nucleic acid or a protein sequence.

See Appendix G, “Supported File Formats and File Extensions™ for a
complete list of the sequence formats MacVector supports.

For details of how to manage and edit sequence files, see Chapter 5,
“Working with Sequences and Features”.
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Overview

This chapter describes the Sequence window and how to work with
sequence files, including:

= opening, creating, saving and printing sequence files

= editing sequences, features and annotations

Multiple sequences are described in the series of chapters beginning
with Chapter 12, “Aligning Sequences”.
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Sequence window

The Sequence window is displayed whenever a sequence is opened or
created. It comprises a context dependent toolbar and four tabbed and
linked views of the sequence: Editor, Map, Features and Annotations.
The functionality available in each view is described in the sections
below.

Managing sequences

This section describes some general procedures for managing
sequences:

opening a sequence
creating a sequence
saving a sequence
exporting a sequence view
printing a sequence
closing a sequence

Opening a sequence

You can use this procedure to open any sequence file that MacVector

recognizes.
(OO Open : MacVector
[« » ][22} =|m]| [aSsample Files B Q
> DEVICES a Name 4| Date Modified
& AZ23035 5/12/01 =
SHAREL ¥ A25342 5/12/01
PLACES & A25377 5/12/01
(] website & AZ25601 5/12/01
[;| Developer M A25873 5/12/01
A Desktop & AZ6561 5/12/01
(L] Manuals 4 AZ9141 5/12/01
/A Applicati... Bacteriophage lambda 23/4/08
@} chris 5 CVJB 5/12/01
A DherimeRt 11 D.pseudoobscura ADH alignment 5/12/01
= v & FVWFBA 5/12/01 v
Enable: | All Readable Documents 4
Open Multiple Sequence File As: | Auto e ]
€ Carical®)

A
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To open a sequence

1. Choose File | Open from the menu.

The open dialog box is displayed.

2. To choose a file type to view, select the Show arrow button and
choose the required file type from the drop-down list.

3. Choose the required file from the list.

4. To open more than one file, hold down the <shift> key and continue
to choose files from the list. (A second <shift> click on the same file
will deselect it.)

5. If you have selected a file containing multiple sequences, the Open
Multiple Sequence Files As: menu lets you choose whether to open
each sequence in a separate Sequence window, or all the sequences
aligned in a single Multiple Sequence Alignment (MSA) window.
See “Opening multiple sequences” on page 312 for details.

6. Select open to open the file(s) and close the dialog box.
Note. Regardless of the file type opened, it is converted internally into MacVec-
tor binary format. This is the default format for saving the file.
Creating a new sequence

You can create a new sequence at any time.

To create a new sequence file from scratch

1. Choose File | New from the menu.

2. Select the required sequence type from the submenu.

A new empty Sequence window of the selected type is displayed.
Tip. You can also create new empty sequence files for Nucleic Acids and pro-
teins using the command key shortcuts 88 N and <option>+ 88 N respectively.

To create a new sequence file from the contents of the clipboard

= Copy the required sequence fragment to the clipboard by selecting
it and choosing Edit | Copy from the menu.

= Or choose File | New from Clipboard from the menu.
A new Sequence window containing the copied fragment is displayed.

Saving a sequence

You can save a sequence using its existing file name or a new file name.
You can save using any of the supported sequence file formats. See
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Appendix G, “Supported File Formats and File Extensions” for a com-
plete list of the sequence formats MacVector supports.

Note. When you save a sequence you are saving the underlying sequence data
not the representation displayed in the current sequence view. See “Exporting
view-specific data” on page 80 for information about exporting these representa-
tions.

Save

When a new sequence file is created or an existing file is opened, File |
Save is disabled until the first change is made.

If you choose File | Save for a sequence that does not exist as a MacVec-
tor file, the Save As dialog box is displayed. This makes it unlikely that
you will accidentally overwrite the original version of a file in another
format.

To save an existing MacVector sequence

1. Ensure the required Sequence window is active.

2. Choose File | save from the menu.

The file is saved as a MacVector binary file, overwriting the previous
version of the file, regardless of the previous format.

Note. If the file is newly created, File | Save acts like File | Save As and a dialog
box is displayed, asking for a filename.

Save As
Use the save As command when you want to:
= change the file name
= save the file to a different folder or to a different disk
= save the file in a format other than MacVector binary format

= change the molecule type or strand type of the sequence if the file
is a nucleic acid sequence file
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The save As command is enabled whenever a Sequence window is
active. If a file with the same name already exists on disk, it will be
overwritten.

Save As: | Untitled.nucl

'4__*1_" 28 _VIIEI| ‘_QDesklog

FAVORITES

Name

_READYMNAS_CONFIG-ulrich-20120221-083951.zip 21/02

s
4| Darte Modified

=) Macint... =
= [ 12.0.6.axml Yesterday
el Deskiop 20111108 1000genomes_samples.x|s 05/03/2012
|_j5creen... 330443743 (NC_001147).nuc 13/01/2012
Ij OUTPUT lx] Applications 20/07/2011
= 2 Banner 15/12/2011
£ Manuals = % /

|| BestSingleTestDatasets 04,/12/2011
% Applic... CHROMOSOME_.nuc 27/04/2012
(27 chris [ ebay 25/01/2012
EJ Eineri | ] EcoliGenomes 01/11/2011

Format: | MacVector NA Sequence ¥

Window Current sequence
Sequence Type: | DNA + | Strandedness: Single

New Folder |

To save a sequence
1. Ensure the required Sequence window is active.
2. Choose File | Save As from the menu.
The save As dialog box is displayed.

3. If required, navigate to the appropriate folder, or create a New folder.
4. If required, change the file name by typing in the Save As text box.
5. Choose a format from the Format drop-down menu.
6. If necessary, select the required Sequence Type.
The Sequence Type option is only applicable to the IG_Suite and Gen-

Bank

file formats.

7. Select save to save the file.
See also ““Saving multiple sequence alignments™ on page 315

The MacVector interface allows you to write the contents of all cur-
rently open sequence windows to a single file in GCG RSF, Fasta or

| cancel Save

Genbank format. (Sequences in MSA windows cannot be saved in this

way.)
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To save several sequences to a single file

1. Ensure that the only open sequence windows are the ones to be
saved, and that a sequence window is active.

2. Choose File | Save As from the menu.

The save As dialog box is displayed.

3. If required, navigate to a new folder.

4. If required, change the file name by typing in the Save As text box.

5. Choose the GCG(RSF) format from the File Format drop-down
menu.

6. Choose All open sequences from the window drop-down menu.
7. Select save to save the file.
All currently open sequences are saved to the file.

File extensions for sequence files

When you save a sequence using the Save As dialog box, MacVector
will by default, add a filename extension appropriate to the format you
select. See Appendix G, “Supported File Formats and File Extensions”
for a complete list of the file extensions used by MacVector.

These file extensions may be useful when files are used with other oper-
ating systems which use extensions to identify the file type.

Exporting view-specific data
You can now export the representation of the sequence displayed in the
current sequence view to a file in an appropriate format, for example a
PDF file for graphics displayed in the Map view or a text file for com-
ments displayed in the Annotations view.
To export view-specific data
1. Ensure the required Sequence view is displayed.
2. Choose File | Export from the menu.
The Export dialog box is displayed.
3. If required, navigate to an alternative folder, or create a New Folder.
4. If required, change the file name by typing in the Save As text box.
5. Select save to export the file.

Printing a sequence
The information in sequence files can be printed in two different ways:
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= Annotated - an annotated sequence file in a user-customizable for-
mat

* Separate... - an unannotated form, containing one or more of the
three parts of the sequence file (annotations, features table, and
sequence).

If you print an annotated sequence, you must format the appearance
first. See Chapter 3, “General Procedures™, for details of formatting the
annotated sequence display.

To print a sequence

1. Choose File | Page Setup from the menu.

The Page Setup dialog box is displayed

2. Adjust the paper size and orientation as required.

3. Select oK.

4. Choose File | Print from the menu.

The Print dialog is displayed.

Printer: | Brother MFC-7820N I3 ] E]
Presets: | Standard o ]
Copies: _l E Collated
Pages: @ Al
() From: |1 to: |1
| MacVector i ]

[_ISuppress page headers

%) Annotated () Separate...
Sequence
Features
Annotations
@ ( PDFw ) [ Preview 3 (" Cancel \
N ¥ kil

5. Optionally, check Suppress page headers to remove page headings
from the printed output.

6. Select the required output option, from the two described above.
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Note. If you select the Separate... option, then you must also choose which of the
components Sequence, Features and Annotations yYou want to include in the
printed output.

7. Click Print.
The specified sequence information is printed to the chosen device.

Closing a sequence

When you close a sequence that has not been saved, a message dialog
box is displayed, asking whether you want to save the sequence before
closing it.

To close a sequence

1. Choose File | Close from the menu.

The sequence closes, and the Sequence window is closed.

Editor view

The Editor view is displayed by default whenever a sequence is opened
or created. To display it at any other time, click on the Editor tab in the
Sequence window.

It enables you to perform the following operations on sequence data that
appears in the Sequence window:

= insert or delete individual residues or groups of residues using the
keyboard

= transfer blocks of residues within a sequence or between
sequences of the same type using cut, copy, and paste operations
= reverse, complement, or reverse complement a sequence or a por-
tion of a sequence
= display the complementary strand and the 3 and 6 frame transla-
tions underneath a sequence
= verify your entries by having MacVector say the name of each res-
idue as you enter it
= proofread the sequence by directing MacVector to read it back to
you after you have finished entering it
Note. Sequences can be modified only if they are unlocked. This is done by
clicking on the Locked indicator icon in the toolbar.

If the sequence file has entries in the features table, any features that are
affected by changes made to the sequence are updated automatically. In
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addition, cut, copy, and paste operations are automatically documented
in the features table by the addition of a frag feature, which describes
the operation performed.

The Editor view has a toolbar containing tools that are used to perform
the particular functions, as described below.

aNnO # pBR322 — Editor —
M (‘ \ 4 P R

2 4 . Q —0 B «# i s &3}

DNA Locked Text View Prefs Re a Topolagy Blocking Voice Verify Strands Create Range Features

Editor [7""Map | Feawres | Annotations |
Common tools
These tools are included by default on all of the sequence view toolbars:

For proteins, the sequence type indicator icon is Protein. For nucleic
acids, the sequence type indicator icon is either DNA or RNA. Clicking
the icon changes how the sequences are interpreted from DNA to RNA
and back again.

The Locked/Unlocked indicator icon displays the current lock status of
the Sequence file. Clicking the icon changes the lock status from locked
to unlocked and back again. Sequences can only be altered when the
sequence file is unlocked.

The Text View icon provides access to the Text view, which contains the
sequence text with features marked along its length. The format of this

window controlled by the Text Display preferences dialog box, accessi-

ble via MacVector | Preferences on the main menu. See “Formatting the
Text view” on page 124 for more information about this dialog box. The
information in the window cannot be changed, but it can be highlighted
and copied to the clipboard.

The Prefs icon provides access to the preferences dialog box, which
enables you to specify general MacVector preferences, including the
font used in the Editor view.

The Replica icon is used to create a linked copy of the current sequence
file in a new Sequence window.

Note. You can choose which view is displayed by default in the replica window
by selecting the view name from the drop-down menu that appears when you
click and hold down the Replica icon.

The Topology indicator icon shows which topological representation is
currently being used in analyses of the sequence. Clicking the icon
changes the topological representation from linear to circular and back
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again. This icon is displayed only if the Sequence window contains a
nucleic acid sequence.

Editor view specific tools

These tools only appear by default in the Editor view toolbar:

The Blocking icon is a horizontal slider used to control the number of
residues in a block. Drag the control with the mouse to change the num-
ber of residues in a block from 1 to 10.

The voice Verify indicator icon displays the current voice verification
status of the Sequence file. Clicking the icon changes the voice verifica-
tion status from off to on and back again. When voice verification is on,
each residue you enter is spoken by a computer voice. Refer to “Using
the proofreader” on page 46, for further information.

The strands icon enables you to display the complementary strand and
the 3 and 6 frame translations of the current sequence. Click and hold
down the icon to select the translations you want to display from the
drop-down menu and click and release the icon to toggle the display of
the complementary strand on and off. The translations, which are dis-
played underneath the original sequence, use the currently selected
genetic code (see “Selecting a different genetic code” on page 242) and
the amino acid letter code option specified in the Text Display prefer-
ences dialog.

Note. You can display the codons for the currently selected genetic code in a
popup reference table at any time using the window | Genetic Code Key menu

option.

The color of the complementary strand can be set using the Colors pref-
erences dialog. This icon is displayed only if the Sequence window con-
tains a nucleic acid sequence.

The Create icon provides access to the Feature Editor dialog box which
you can use to add new features to the sequence. Refer to “Adding a
feature” on page 115, for further information.

The Range text box displays the number or range of the current selection
within the displayed sequence. You can edit the values in the box to
change the selection. Refer to ““Selection range” on page 85, for further
information.

You can also alter the selected residues by using the Features drop-down
menu. Choose from the list of sequence features or select the entire
sequence.

84

MacVector User Guide



Editor view

To change the font used in the Editor view

1. Choose MacVector | Preferences from the menu, then click the Fonts
icon on the preferences dialog, or click the prefs icon on the toolbar
when the Editor tab is selected.

The Fonts preferences dialog box is displayed.

2. In the Editor window font panel, use the drop down menus to change
the font and size.

3. Select Apply to save your changes.

To change the default colors used in the Editor view

1. Choose MacVector | Preferences from the menu, then click the Colors
icon on the preferences dialog.

The colors preferences dialog box is displayed.
2. Specify custom colors for the display of:

@ The Reference and Complement strands

= The sequence Numbering scheme

= The outlines used to highlight the Left and Right End selections on
the click cloning ligation pop-up window (see “Click Cloning” on
page 188).

= The Traces used in chromatogram displays

3. Select one of the following options from the Features drop-down list
to specify how features are colored in the Editor view:

* No Color - no color is used to highlight features in the Editor view.

® Color Residues - feature residues are colored with the same color
used to identify the feature in the Map view.

* Color Background - the background of feature residues is colored
with the same color used to identify the feature in the Map view.

4. Select Apply to save your changes or Defaults to restore the default
colors.

You can also specify a background color for a selected range in the Edi-
tor view. See “To specify a new background color for a selected range”
on page 89.
Selection range
The Range text box shows one of the following:
= where the insertion point is located in the sequence
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= the selected residue range

When you click within the content portion of the sequence window, a
blinking vertical bar will appear within the sequence to mark the inser-
tion point. The number of the residue immediately after the insertion
point is displayed in the selection state window.

When one or more residues in the sequence are highlighted, the num-
bers of the beginning and ending residues of the block are displayed.

Clicking inside the Range box at any time enables you to alter the resi-
due selection, by typing a new residue range or number.

Tip. If you intend to copy the updated residue selection to the clipboard, ensure
that you click <enter>, <tab> or <esc> after you have typed in new range values to
make the Sequence window, rather than the Range box, the active window.

Setting the origin

The plus origin of the sequence is indicated by a small red plus sign
above the sequence in the content part of the window, the minus origin
by a small red minus sign.

MacVector allows you to set the origin of the sequence to be a location
other than the beginning or end of the sequence, so you can conform to
the negative numbering system often used when referring to sequence
data upstream from some significant feature.

Note. It is only possible to set the origin for linear segeuences.

To set the plus origin, place the pointer over the plus sign, hold down
the mouse button, and drag the plus sign to the residue that you want to
be number 1. The sequence numbering is adjusted accordingly, and the
numbers of features in the features table are also adjusted to reflect the
new origin.

You can also specify a positive number other than one as the plus origin.
This might be useful if, for example, you are working on a smaller,
more manageable, region of a larger chromosome and want to retain the
original numbering. To set an alternative start value for the plus origin,
double-click on the red plus origin indicator and type the new start value
in the pop-up window.

Note. MacVector automatically adjusts the start value of the plus origin to retain

the original numbering when you copy and paste a sequence segment into a new

sequence window.

To reset the plus origin to 1, double-click on the red plus origin indica-
tor and type 1 in the pop-up window.
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Using the Editor view context menu

When you right-click or <ctrl>-click within the Editor view a context-
sensitive menu is displayed. It provides access to some or all of the fol-
lowing options depending on the current selection in the Editor view:

Create Feature provides access to the Feature Editor dialog box which
you can use to add new features to the sequence. Refer to “Adding a
feature” on page 115, for further information.

Add to Feature provides access to the Features drop-down menu. Select-
ing a feature from this menu adds the residues currently selected in the
Editor view to that feature as a continuation segment. This enables you
to build multi-segmented features, such as a CDS interrupted by introns.

Set Origin provides access to the origin pop-up window which enables
you to specify an alternative plus origin (see “Setting the origin’ on
page 86).

Note. It is only possible to set the origin for linear seqeuences.
Reset Origin to 1 resets the plus origin to 1.

Selecting residues

For many editing operations, you need to select a region of the sequence
first. This may be done by using the mouse, the selection range tools,
the Map view or the features table. The features table must contain
entries for selection.

Mouse selections

To select a small block of residues using the mouse
1. Position the cursor to the left of the first residue in the block.

2. Hold down the mouse button and move the cursor until all the
required residues are highlighted.

The residue block is highlighted.

To select a large block of residues using the mouse

1. Position the cursor to the left of the first residue in the block, then
click the mouse button.

2. Scroll through the sequence to the required end point of the block of
residues.

3. Hold down the <shift> key and click the mouse button after the last
required residue.
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The residue block is highlighted.

Selection range selections

The Range box and Features drop-down menu provide a convenient
method of selecting residues when either the residue number range or
feature name are known.

To select residues using the selection range box
1. Click inside the Range text box.

2. Type a residue number or range of numbers. Use a space or a colon
(:) to separate the range values.

Either the residue range is highlighted, or the cursor is positioned imme-
diately before the residue number typed.

To select residues using the features drop-down menu

1. Select a feature from the Features drop-down menu.

The list contains the defined features of the sequence, plus All 1 to n for
selecting the entire sequence.

=
A 1 —
o |
rands Create Range 1to 4361: ALL
. CDS >
leg 2
TCAGGCAL CGTGTATGAA ATCTAACAAT conflict »
288 . =
SGOCTCTT GCGGGATATC GTCCATTCOCGC geﬂe - » 86 to 1276 gene-tet
388 mat_peptide > 3293 to 4153(C): gene=bla
TCGGAGCA CTGTCCGACC GCTTTGGCCG misl: hinding > "
STGGATCC TCTACGLCGG AEEEATEEI‘E misc__featul’e »
SCTCGCCA CTTCGGGCTC ATGAGCGCTT old_sequence >
TCCTTGLG GLGGLGETGE TCAACGGLCT promoter 13
788
TTCAACC CAGTCAGCTC CTTCLGGTGE RBS - 4
5 898 rep_origin >
SCAGCGLT CTGGGTCATT TTCGGLGAGE o ¥
EL] repeat_region [ 4
MAGCCTTC GTCACTGGTC CCGCCACCAA f
i repeat_unit >
IGCGACGE GAGGLTGGAT GGLCTTCLLC sig_peptide >
1188 or »

SACGACCA TCAGGGACAG CTTCAAGGAT source

1288
CAGCACA TGGAACGGGT TGCCATGGAT , r
1308

Map view selections

To select a block of residues from the Map view
1. Click on the map tab

The Map view is displayed.

2. Click on a feature in this view to select it.
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The residue block is highlighted.
Features table selections

To select a block of residues using the features table
1. Click on the Features tab.
The Sequence Features view is displayed.
2. Scroll to the feature that you want to highlight.
3. Click on the feature.
The residue block is highlighted.
Tip. To select the entire sequence, choose Edit | Select All.

To specify a new background color for a selected range

1. Select the range of residues you want to highlight in the Editor view.
2. Choose Edit | Transformations from the menu bar.

3. Select the desired highlight Color from the options provided.

Adding residues

You can add residues manually to a sequence displayed in the Editor
view. You can use both upper and lowercase letters, mixing and match-
ing them to highlight regions of interest. The case you specify will be
used in any printed output. However, you must use the standard IUPAC
code for either nucleic acids or amino acids.

Refer to Appendix C, “Reference Tables™, for details of these codes.

Tip. If you are unfamiliar with the one-letter codes for the nucleotides or amino
acids, you can display a small movable window that contains the information by
choosing window | IUPAC Key from the main menu.

When you add a residue, the residues that follow it in the sequence are
moved along one position.

In addition to entering bases using the alphanumeric portion of the key-
board, you can assign nucleotide codes to keys of the numeric keypad
(if your Macintosh has one) to make it easier to enter nucleic acid
sequence data with one hand. Choose Options | Set Keypad to use this
facility.

To add residues to a sequence

1. Use the mouse cursor to select an insertion point in the sequence.
Residues will be added immediately after this insertion point.
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2. Enter the residues that you want to add.

Alternatively, you can choose Edit | Paste to add residues that have been

copied to the clipboard.

To overwrite residues in a sequence

You can overwrite residues by selecting a region of the sequence before

adding the new residues. When you enter new residues, the selected

region is overwritten.

To change the case of all the residues in a sequence

1. Choose Edit | Transformations from the menu bar.

2. Select either Make Upper Case to make all residues upper case or
Make Lower Case to make all residues lower case.

To change the case of a range of residues in a sequence

1. Choose Edit | Transformations from the menu bar.

2. Select Enable Mixed Case Entry.

3. Select the range of residues you want to modify.

4. Choose Edit | Transformations from the menu bar.

5

Select either Make Upper Case to make the selected residues upper
case or Make Lower Case t0o make the selected residues lower case.

Note. The case used to identify residues in a sequence has no impact on any of
the analysis functions in MacVector.

Deleting residues

You can delete residues manually from a sequence displayed in the
Sequence Editor view. When you delete residues, the residues that fol-
low the deletion in the sequence are moved back the appropriate number
of positions.

Any deletions made from a double-stranded nucleic acid sequence result
in residues being deleted from both strands.

Deleting a single residue

You can delete single residues from a sequence.

To delete single residues from a sequence

1. Use the mouse cursor to select an insertion point in the sequence.
Residues will be deleted immediately before this insertion point.

2. Use the <backspace> key to delete the unwanted residues.
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Deleting a range of residues
You can delete a range of residues from a sequence.

To delete a range of residues from a sequence

1. Use the mouse cursor to select a region of the sequence that you
want to delete.

2. Press the <delete> key to delete the selected residues.

Alternatively, choose Edit | cut to remove the residues from the
sequence and copy them to the clipboard for later use.

Note. Adding or deleting residues that are part of a feature will corrupt that fea-
ture. MacVector automatically adds a frag feature to the features table whenever
a cut, edit or paste operation is performed, so you can keep track of changes.

Reversing a sequence

You can reverse the order of the residues in part or all of a sequence.
This option applies to both protein and nucleic acid sequences in the
sequence window.

To reverse a region or the entire sequence

1. Select either a region of the sequence, or the entire sequence.
2. Choose Edit | Reverse.

The region is reversed and updated in the sequence window.

Complementing a sequence

You can complement the residues in an entire sequence, or in a selected
region of it. This option is available only if a nucleic acid sequence is
displayed in the Sequence window.

To complement a region or the entire sequence

1. Select either a region of the sequence, or the entire sequence.

2. Choose Edit | Complement.

The region is complemented and updated in the sequence window.

Reversing and complementing a sequence

You can reverse then complement the order of the residues in an entire
sequence, or in a selected region of it. This option is available only if a
nucleic acid sequence is displayed in the Sequence window.

MacVector User Guide 921



Working with Sequences and Features

To reverse and complement a region or the entire sequence
1. Select either a region of the sequence, or the entire sequence.
2. Choose Edit | Reverse & Complement.

The region is reversed and complemented, and updated in the sequence
window.

Map view

The Map view displays an annotated graphic showing the features of the
sequence. For DNA sequences, either a linear or circular map can be
displayed. At the bottom of the Map view, a collapsible overview pane
displays a full-length miniature version of the sequence to help you to
orient yourself when you are working with a long sequence.

The map can be edited in many ways to give a tailored map for on-
screen or printed presentation. See “Formatting the Map view” on
page 93, for further details.

The Map view has a toolbar containing tools that are used to perform
particular functions. In addition to the common tools that appear by
default on all of the sequence toolbars (see ““Common tools™ on
page 83), the Map view toolbar includes the following map specific
tools by default:

8enOo # pBR322 — Map =™

£ & [ @) s

DMA  Locked TextView Prefs Replica Tnpalogy Digest Ligate Cf;ale Edit Delete
T Editor Map |'_"?€a'fl_fr'€§_| Annatations _'|
The Digest icon is enabled only when two restriction enzyme sites are
selected. It is used to copy the fragment between the two sites, together
with information about the structures of the ends produced by the
enzymes and any overlapping annotations or feature information, to the
clipboard for cloning (see “Click Cloning™ on page 188).

The Ligate icon is enabled only when a fragment is present on clipboard
and one or more restriction enzyme sites are selected. It provides access
to the ligation pop-up window which enables you to manipulate the
fragment on the clipboard before inserting it into the sequence (see
“Click Cloning™ on page 188).

The Create icon provides access to the Feature Editor dialog box which
you can use to add new features to the sequence. Refer to “Adding a
feature” on page 115, for further information.
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The Edit icon is enabled only when a feature is selected. It provides
access to the Feature Editor dialog box which you can use to edit the
details of the selected feature. Refer to ““Editing a feature” on page 118,
for further information.

Tip. The Feature Editor does not allow you to modify the appearance of the fea-
ture. Instead this is done using the Symbol Editor which can be accessed by dou-
ble-clicking on the feature in the Map view.

The Delete icon is enabled only when a feature is selected. It is used to
delete the selected feature.

The Range text box displays the number or range of the current selection
within the displayed sequence. You can edit the values in the box to
change the selection. Refer to ““Selection range’ on page 85, for further
information.

You can also alter the selected residues by using the Features drop-down
menu. Choose from the list of sequence features or select the entire
sequence.

Note. The Sequence Map toolbar, like all toolbars in MacVector, can be custom-
ized. Right-click on the toolbar to access this functionality. The tools described
above appear in the default Sequence Map toolbar. Some of these tools may be
absent and other tools may be present depending on your settings.

To display a sequence map

1. Make the sequence window active by clicking inside it.

2. Click on the map tab.

The Map view is displayed, showing the sequence.

The appearance of the map can be controlled in a variety of ways, and
can also be optimized for printing. See “Configuring the numeric key-
pad’ on page 45.

Formatting the Map view

You can customize the Map view by manipulating the appearance of the
following elements:

= title

= sequence line, either showing residue letters or a single line
= ruler indicating the scale of the sequence line

= feature sites

= result sites, if there are any
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= segment map
This is done by editing symbol sets, of which there are three types:

= sequence default symbol set, which can be specified and saved for
each sequence

= global default symbol set, which can be specified and saved as the
default set used when a new sequence is created

= MacVector default symbol set, which cannot be edited, only reap-
plied to the editable symbol sets

There are also a number of options that can be used to control the over-
all appearance of the map and to optimize the map for printing.
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Editing the global symbol set

The global default symbol set is edited using the Symbol Editor dialog
box. Editing the global default symbol set affects only new sequences or
features created after modifications are made; existing sequences or fea-
tures are not affected.

When no windows are present, the dialog box is displayed by choosing
Options | Default Symbols. If an editor view, map view or results view is
active, then the menu says Options | Symbols for name, where name is a
description of the active window. In this case, you need to hold down
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the option key before making the menu selection, and the item Default
Symbols Will be present again. If any other view type is active, the item
will be grayed out.

The dialog box consists of six panels, which are used to modify the
appearance of the following elements of the graphical displays:

e features
e results
e title

e ruler

® seguence

e segment map

= coverage map
The use of each panel is described in the following sections.

Features panel

Using this panel of the Symbol Editor dialog box, you can select each
feature type and alter its settings.

Default Symbols

b Jid

# -10_signal
# -35_signal
# 3dip

# 3UuTR

# 454Read
# 454Read”
# s'dip

# s'uTR

# ACT SITE
# allele

& Amin

# anticdn

# artack

# attenuator
f BINDING
# Bond

# C_region

[ Features

Results

Title = Ruler  Sequence

Segment Map

#Fil: Color: | |.|  Patern: [N .|
#pen: Color: [Ml.| Thickness:[0.5pt %
¥ Show Label
<Description> -
Geneva 9.0 pt | Color: -
Orientation: | Above Center  [4] [ Horizontal [¢]
[ initially Visible
Show as a graphic )
Level: | Above or Below 3
AP m—
( Shipping Defaults ) ( Cancel ) 0K )

B

— Hollow Box

To modify the global feature symbols
1. Choose Options | Default Symbols from the menu.

Note. If an editor view, map view or results view is active, you must hold down
the option key before making this menu selection.
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The Symbol Editor dialog box is displayed.
2. Select Features from the list of tabs at the top of the dialog box.

A list of all available features is displayed in the scrolling panel. The
symbols to the left of the feature name identify the feature as either a
protein or nucleic acid feature.

3. From the scrolling list, select a feature name whose appearance you

want to modify.

Note. You can select more than one feature type to modify by holding down the

<shift> or 8 <command> key while selecting features. Each selected feature will
be given the modified settings when OK is selected.

4.

Choose a style for the feature symbol from the Style drop-down
menu.

If you want the symbol to be filled, select the Fill check box, then
choose the fill color and pattern from the associated drop-down
menus.

If you want a border around the symbol, select the Pen check box,
then choose the color and border thickness from the associated drop-
down menus.

If you want to label the symbol, select the Show Label check box,
then do the following in the Label panel:

= enter the text for the label in the text box. The following Metatags

are available for the label text, click the small triangle to the left of
the Label text box to display a pop up menu which lists them all:
<Description> Or <Desc> inserts the feature comment text
<Length> inserts the feature residue length

<Size> inserts the feature size (same as <Length> above)

<Start> and <Stop> insert the start and stop residue numbers
<Type> inserts the feature type name, e.g., CDS

<Count>

<Index> inserts the index number of this particular instance of the
feature type

<Segment>

<Total> inserts the total number of this particular feature type
present

For example, “<Start>:<Stop> <Type>" would display “123:456
CDS” for a CDS feature that spanned residues 123 to 456. Alter-
natively, “<Desc> (<Index>/<Count>)" would display “BamH]I (1/
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3)”, “BamH]I (2/3)”, and so on, useful for describing restriction
enzyme cut sites.

= choose the label color from the Color drop-down menu

= click in the box to choose an alternative font style, size and weight
to the one displayed.

= choose the position and orientation of the label with respect to the
feature symbol from the Orientation drop-down menus.

Note. When plotting circular maps, vertical label text runs along a radius of the
circle, and horizontal label text runs parallel to the circumference. Align to the
left means that the text begins at the left edge of the symbol.

8. If you want the symbol visible by default, select the Initially Visible
check box.

9. If you want to display selected features as residues when there is suf-
ficient space on the map (for example, when you are zoomed in),
then select Show residue letters if room from the drop-down menu.
The features that can be displayed in this way are CDS, RNA and
primer_bind features. Alternatively, select Show as a graphic to dis-
able this feature.

10. Choose the position of the symbol relative to the sequence line from
the Level drop-down menu.

There are six levels above or below the sequence line. They can be
thought of as lines on which the feature symbol is displayed. You would
normally leave this as “above or below”, in which case MacVector
assigns a level automatically.

11. To make changes permanent, do one of the following:

= select OK to save the changes you have made and to close the dia-
log box

= select cancel to discard all changes made

= select Shipping Defaults to revert to the MacVector default sym-
bols.
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Results panel

Using this panel of the Symbol Editor dialog box, you can select each
result type and alter its settings.

Default Symbois

Features ~Results Title Ruler  Sequence  Segment Map |

# Internal OUIGO [ Line 3l
¢
# Left Primer = =
: d i - Pattern: o
et MRk Calor |
# ORE 2 Mpen: cotor: . Thickness  0spe S
# ORF 3
# ORF 4
(=]

 ORF 5 P Show Label
# ORF & 7 3
¥ FOR Producy <Description (<5tarts) 5
& Proteoiytic Geneva 9.0 ot coor: [ .

. =] 0
& Rinht Primer Abrove Center ] [ Horizontal 1]
B Subseq
£ subseq [ Initlally Visible
B Unique Proteolytic
# Uniqua Restriction Show a3 & graphic [

Level: | Ahove Sequence 18]

{“Shipping Defaults “Cancel ) (OR)

To modify the global results symbols
1. Choose Options | Default Symbols from the menu.

Note. If an editor view, map view or results view is active, you must hold down
the option key before making this menu selection.

The Symbol Editor dialog box is displayed.

2. Select Results from the list of tabs at the top of the dialog box.

A list of all available result types is displayed in the scrolling panel. The

symbols to the left of the result type identify the result as either a protein

or nucleic acid result.

3. From the scrolling list, select a result type whose appearance you
want to modify.

4. Choose a style for the symbol from the Style drop-down menu.

5. If you want the symbol to be filled, select the Fill check box, then
choose the fill color and pattern from the associated drop-down
menus.

6. If you want a border around the symbol, select the Pen check box,
then choose the color and border thickness from the associated drop-
down menus.
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7. If you want to label the result symbol, select the Show Label check
box, then do the following in the Label panel:

= enter the text for the label in the text box. The following Metatags
are available for the label text, click the small triangle to the left of
the Label text box to display a pop up menu which lists them all:
<Description> Or <Desc> inserts the result type name
<Length> inserts the
<Size> inserts the
<Start> and <Stop> insert the start and stop residue numbers
<Type> inserts the result type name, e.g., CDS
<Count>
<Index>
<Segment>
<Total>
For example, <Start> <Type> would display 123 BamHI on a
restriction enzyme map that had a BamHI cut site at residue 123.

= choose the label color from the Color drop-down menu

= click in the box to choose an alternative font style, size and weight
to the one displayed.

= choose the position and orientation of the label with respect to the
result symbol from the Orientation drop-down menus.

Note. Align to the left means that the text begins at the left edge of the symbol.

8. If you want the result type visible by default, select the Initially Visi-
ble check box.

9. Choose the position of the result symbol relative to the sequence line
from the Level drop-down menu.

There are six levels above or below the sequence line. They can be
thought of as lines on which the result symbol is displayed. You would
normally leave this as “above or below”, in which case MacVector
assigns a level automatically.

10. To make changes permanent, do one of the following:

= select oK to save the changes you have made and to close the dia-
log box

= select cancel to discard all changes made

= select Shipping Defaults to revert to the MacVector default sym-
bols.
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Title panel
The Title panel is used to define the title text.

To modify the global map tab title
1. Choose Options | Default Symbols from the menu.

Note. If an editor view, map view or results view is active, you must hold down
the option key before making this menu selection

The Symbol Editor dialog box is displayed.

DelacltSyminity

Features  Results © Title Ruler  Sequence  Segment Map

4 Show Title

Blah

Shipping Defaults Cancel ) [o0K)

2. Select Title from the list of tabs at the top of the dialog box.

3. If you want the title visible by default, select the Show Title check
box.

4. Enter atitle in the text box.

The text <Sequence Name> is special text that is replaced by the name of
the sequence whose map is displayed.

5. Click in the box to choose an alternative font style, size and weight
to the one displayed.

6. Choose the text color from the Color drop-down menu.
7. Choose the title position from the Orientation drop-down menu.
8. To make changes permanent, do one of the following:

= select OK to save the changes you have made and to close the dia-
log box

= select cancel to discard all changes made
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= select Shipping Defaults to revert to the MacVector default sym-

bols.
Ruler panel
The ruler panel controls the appearance of the sequence numbering.
Default Symbols
Features  Results | Title —Ruler Sequence | Segment Map
[ Show Tick Marks
Fwery: | 100 residues
ren:  Color W .| Thickness:|ospe (3]

™ show Residue Numbers

Hebartica Obligue 9.0 pe color: N .

Orientation: | Horizental &

# initially Visibie

Level: | just Below Sequence Line 13|

(" Shipping Defaults v Cancel ) (Fo0k=)

To modify the global ruler markings
1. Choose Options | Default Symbols from the menu.

Note. If an editor view, map view or results view is active, you must hold down
the option key before making this menu selection.

The Symbol Editor dialog box is displayed.
2. Select Ruler from the list of tabs at the top of the dialog box.

3. If you want tick marks, select the Show Tick Marks check box, then
do the following:

= enter the tick interval in the text box
= choose the tick color from the Color drop-down menu
= choose the tick thickness from the Thickness drop-down menu.

4. If you want to label the ruler ticks, select the Show Residue Numbers
check box, then do the following:

= click in the box to choose an alternative font style, size and weight
to the one displayed.

= choose the label color from the Color drop-down menu
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= choose the orientation of the label with respect to the ruler from
the Orientation drop-down menus

5. If you want the ruler visible by default, select the Initially Visible
check box.

6. Choose the level of the ruler from the Level drop-down menu.

The levels above or below the sequence line can be thought of as lines
on which the graphic features are displayed.

7. To make changes permanent, do one of the following:

= select OK to save the changes you have made and dismiss the dia-
log box

= select cancel to discard all changes made

= select Shipping Defaults to revert to the MacVector default sym-
bols.

Sequence panel

The sequence panel defines the default appearance of any new sequence
maps that are created.

Defaul Symbols

Feaures  Results  Title  Ruler | Sequence | Segment Map

Line Sryle

pen:  Color: I .| Thickness a0p 8]

Wesidue Style
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M Show Complementary Strand
| Show Plus Strand Translations

_| Show Minus Strand Translatiens

Shipping Defaults | Cancel ) (oo

To modify the global sequence appearance
1. Choose Options | Default Symbols from the menu.

Note. If an editor view, map view or results view is active, you must hold down
the option key before making this menu selection.

The Symbol Editor dialog box is displayed.
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2. Select sequence from the list of tabs at the top of the dialog box.

3. Choose the line color and thickness by selecting from the Color and
Thickness drop-down menus in the Line Style panel.

4. Choose an alternative font style size and weight for residue labels by
clicking in the box displaying the current settings in the Residue Style
panel.

5. Choose the residue color by selecting from the Color drop-down
menu.

6. If you want sequences visible by default, select the Initially Visible
check box.

7. If you want to view the sequence only as a line, select the Show as a
Line from the drop-down menu.

8. If you want to display the sequence letters, select the Show residue
letters if room from the drop-down menu.

The sequence letters will be displayed if there is room. This will depend
on the settings on the Graphic Palette dialog box, see “Editing the gen-
eral map appearance” on page 109.

9. To make changes permanent, do one of the following:

= select OK to save the changes you have made and to close the dia-
log box

= select cancel to discard all changes made

= select Shipping Defaults to revert to the MacVector default sym-
bols.
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Segment Map panel
The segment map panel controls the appearance of the segment map. It
is only available when MacVector is displaying a linear map showing
the results of an enzyme digest or subsequence search.

Defauls Symbals

Features Results  Title  Ruler  Sequence SegmentMap. |

Horizental Line Style

Pen Color: [l . Thickness:| 1.0 ot 2]

Cut Line Style

pen:  Color M. Thickness:| 0spr 3]
Label LeftEnd |8
Gt 9,0 0t Color: I .
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Level | Abowe Cut Map =

{ Shipping Defauls | [ Cancel ) (0K

To modify the global segment map appearance
1. Choose Options | Default Symbols from the menu.

Note. If an editor view, map view or results view is active, you must hold down
the option key before making this menu selection.

The Symbol Editor dialog box is displayed.
2. Select segment Map from the list of tabs at the top of the dialog box.

3. Choose the color and thickness of the horizontal lines, by selecting
from the Color and Thickness drop-down menus in the Horizontal Line
Style panel.

4. Choose the color and thickness of the vertical cut lines, by selecting
from the Color and Thickness drop-down menus in the Cut Line Style
panel.

5. To alter the appearance and position of the map labels, do the fol-
lowing in the Label panel:

= choose the label position from the drop-down menu

= click in the box to choose an alternative font style, size and weight
to the one displayed.

= choose the label color from the Color drop-down menu
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6. If you want the segment map visible by default, select the Initially
Visible check box.
7. Choose the position of the segment map (above or below the cut
map) from the Level drop-down menu.
8. To make changes permanent, do one of the following:
= select OK to save the changes you have made and to close the dia-
log box
= select cancel to discard all changes made
* Select shipping Defaults to revert to the MacVector default set-
tings.
Coverage Map panel

The coverage map panel controls the appearance of the coverage map. It
is only available when MacVector is displaying a Reference Contig or a
Child Contig from a Sequence Assembly project

| Features Results Title Ruler Sequence Segment Map

Coverage Fill Style
™ Fill maximum Color: |
[ Fill minimum Color:

M Fill low coverage  Color:
Average Line Style

IZPen: Color: - ,: Thickness: | 10 pi :

| Label Left End |
Geneva 9.0 pt Color: .

[ Initially Visible

Level: | Below Map

Shipping Defaults | | A Cancel | [ 0K |

To modify the global coverage map appearance
1. Choose Options | Default Symbols from the menu.

Note. If an editor view, map view or results view is active, you must hold down
the option key before making this menu selection.

The Symbol Editor dialog box is displayed.
2. Select coverage Map from the list of tabs at the top of the dialog box.
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. Choose the display options and fill styles for the maximum, mini-

mum and low coverage regions by checking the boxes and selecting
from the Color drop-down menus in the Coverage Fill Style panel.

. Choose the color and thickness of the average lines, by selecting

from the Color and Thickness drop-down menus in the Average Line
Style panel.

. To alter the appearance and position of the map labels, do the fol-

lowing in the label panel:
= choose the label position from the drop-down menu.

= click in the box to choose an alternative font style, size and weight
to the one displayed.

= choose the label color from the Color drop-down menu.

If you want the coverage map visible by default, select the Initially
Visible check box.

. Choose the position of the coverage map (above or below the map)

from the Level drop-down menu.

. To make changes permanent, do one of the following:

= select OK to save the changes you have made and to close the dia-
log box

= select cancel to discard all changes made

e Select Shipping Defaults to revert to the MacVector default set-
tings.

Editing the sequence symbol set

When a new sequence is created, its symbol set is defined to be the same
as the global symbol set, see “Editing the global symbol set”” on

page 94. The symbol set for each sequence can be individually edited
and saved.

When a change is made to the sequence symbol set, the active maps for
the sequence are updated immediately. If you are refining the appear-
ance of a large map, you can interrupt redrawing at any time by one of
the following methods:

« pressing the 38 and period (.) keys together
* pressing the esc key
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= changing any setting in the Graphics Palette dialog box.
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To edit the sequence symbol set
1. Do one of the following:

= if asequence editor, map or results view is active, choose Options |
Symbols for name, Where name is a description of the active win-
dow.

= select the item that you want to edit from the scrolling list of the
Graphics Palette, then select Edit.

Note. The Graphics Palette is displayed by selecting window | Show Graphics Pal-
ette. This menu item is a toggle, and once set, the Graphics Palette will be dis-
played whenever a map view is selected, until you choose window | Hide Graphics
Palette.

The Symbol Editor dialog box is displayed. If you used the Edit button
on the Graphics Palette dialog box, the appropriate Symbol Editor panel
is displayed.
Note. The scrolling list shows a tree view of the map items on the Features and
Results panels. These can be expanded or contracted by clicking on the triangles
to the left of the items.

2. For details of how to edit the symbols, see the corresponding sec-
tions in “Editing the global symbol set” on page 94, (omit step 1 in
each case):
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“Features panel”” on page 95
“Results panel” on page 98

“Title panel” on page 100

“Ruler panel”” on page 101
““Sequence panel” on page 102
“Segment Map panel’ on page 104

Note. When you access the dialog boxes in this way, they each have one addi-
tional button, next to the Cancel button. It is the Apply button. This lets you
update the open maps with the changes you make, without closing the dialog
box. This means that you can make a number of edits to the map display conve-

niently.

The tree hierarchy of map items for the Features and Results panels
enables you to modify the symbol for each item individually, for a com-
plete group of features, or any combination of features.

Note. Modifying the symbol of an item on the Results or Features panel affects
all other items subordinate to it in the tree hierarchy.

3. The edited symbol set is saved with the sequence, so you can save
different map views of the same sequence.

108

MacVector User Guide



Map view

Editing the general map appearance

The Graphics Palette is used to control the overall appearance of the
Map view. Any changes made directly from this dialog box are applied
immediately to the Map view.
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misc_binding
misc_feature
old_sequence
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To modify the general map appearance

1. When a Map view is displayed, choose windows | Show Graphics Pal-
ette if the Graphics Palette is not visible.

Note. This menu item is a toggle. Once set, the Graphics Palette will be displayed
each time a Map view is displayed, until you choose windows | Hide Graphics

Palette.
The Graphics Palette is displayed. The scrolling list shows a tree direc-
tory of all the map elements whose symbols can be edited. The list can
be expanded or contracted by clicking on the triangles to the left of the
items. The items on the dialog box differ, depending on whether the
sequence is displayed as a linear or circular map.

2. If the graphic map is for a DNA sequence, you can toggle between
linear and circular display by selecting either the Linear or the Circu-
lar option at the top of the Graphics Palette.

3. To adjust the display density of residues, select inch, cm or line from
the Residues per drop-down menu and enter the number of residues
to appear in that interval in the associated text box.

4. If your map is linear, you can adjust the line length by choosing
whether to make one long unbroken line of residues, or re-size to the
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width of the window or the printable page, by selecting from the Line
wrap drop-down menu.

5. If your map is circular, you can control the size of the circle by
selecting a value for the radius units from the Radius in drop-down
menu, then entering a value for the radius in the associated text box.

6. In addition, the following Quick Fit buttons are provided to enable
you to adjust the range and scaling of the sequence display quickly
and easily:

* Zoom to Sequence adjusts the residues per inch automatically, such
that the residues are just visible.

Note. The zoom to Sequence button does not change the current displayed
sequence range.

= Fit to Window adjusts the residues per inch automatically, such that
the entire sequence range can be displayed in the current window.

Note. The Fit to window button re-sizes a circular map to the longest dimension
of your window. It will not shrink the map below a minimum legible size, so
some scrolling will be needed to view the entire map if your window is small.

* Fit to Page the residues per inch automatically, such that entire
sequence range will fit on the currently selected printable page.

Note. The printable page size is determined by the current settings of the page
setup dialog.

* Fit Residues resets the displayed range to the entire sequence and
adjusts the residues per inch automatically, such that the residues
are just visible.

To display a region of a sequence in a Map view

You can restrict the display to a certain region of the sequence, using
either the mouse or the Graphics Palette:

= Using the mouse, click and drag to select the region on the map
that you want to display. If your map is linear, the selection will be
fitted to the window automatically.

= Using the Graphics Palette: type, in the Range panel, the sequence
numbers of the first and last residues of the selected region, sepa-
rated by a colon (:). Alternatively, you can select a region from the
features table drop-down menu at the right of the text box. When
you make a selection from the Graphics Palette, your current set-
tings for residue density and line wrap are retained.
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Note. For results maps, the range cannot be set outside the range that was speci-
fied when the results calculation was performed. For example, if restriction
enzyme cut sites were only computed between bases 1000 and 2000, the range
cannot be set to show bases 1 to 4000, because result data is not available for the
wider range. If the user types in range values outside the permitted limit, they
will be changed to be within the limit (i.e. no less than 1000, no more than 2000
in the example just given).

Navigation

The followng Navigation buttons are provided to enable you to scroll
around the Map view quickly and easily:

Slide Left if a linear map is displayed and a range is selected, then
this nudges the range to the left. If a circular map is displayed,
then this rotates the sequence slightly to the left. The left arrow
key also performs this function.

Slide Right if a linear map is displayed and a range is selected, then
this nudges the range to the right. If a circular map is displayed,
then this rotates the sequence slightly to the right. The right arrow
key also performs this function.

Home if a linear map is displayed and a range is selected, then this
centers the current range in the top of the window. If a circular
map is displayed then this resets the rotation.

Zoom In this zooms in such that the displayed range is reduced
two-fold.

Zoom Out this zooms out such that the displayed range is increased
two-fold.

Reset Zoom this resets the zoom such that the entire sequence is
displayed in the window.

Tip. You can also navigate around the Map view using the overview pane. If
only part of the main sequence is visible, click on a different part of the sequence
in the overview pane and the Map view will move to display that section.

To select objects in a Map view

The following Selection Mode buttons are provided to enable you to
select different objects in the Map view quickly and easily:

Zoom this mode allows you to click on objects such as features or
sites to select them, or to click, hold and drag to zoom in on the
objects you selected. This is the default Selection Mode.
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= Feature Selection this mode allows you to click, hold and drag to
select all of the features or sites within the selection rectangle.

* Sequence Selection this mode allows you to click, hold and drag to
select the portion of the sequence within the selection rectangle.

= Magnify this mode allows you to click to increase the magnifica-
tion of the display two-fold or <option>-click to reduce the magni-
fication of the display two-fold.

= Slide this mode allows you to drag the current zoomed region to
the left or the right. It is also used to rotate circular maps, such that
an arbitary location appears at the 12 o’clock position.

® Copy Feature Appearance this mode allows you to click on a fea-
ture to copy its appearance and paste it on to any currently selected
features. This mode is enabled only if one or more features are
selected.

Printing maps

After you have drawn a map to your requirements, you can print it.
MacVector generates high-quality print output. The map tab can show
you how the map will be printed if it is large enough to cover several
pages, or alternatively you can use Page Setup... to scale a map to fit
onto a single page.

Maps are always printed at 100% view; the view scale controls on the
map tab have no effect on the printed output and are there only to enable
you to see the split of the map over several pages.

When choosing a font for labels and titles, be aware of the differences
between fonts that look good on the screen and fonts that look good on
the printer. Geneva, Monaco and Chicago fonts are designed to look
clear and legible on the screen. However, when you print them to a stan-
dard PostScript laser printer, their letter spacing can look a little uneven.
(In fact, when you try to print Geneva you actually get Helvetica letters,
and when you print Monaco you may get Courier letters, but with letter
spacing appropriate to their original screen font. The mismatch between
which font's letters are being drawn and which font is being used for the
inter-letter spacing accounts for the uneven appearance.)

Geneva is the default label font supplied with MacVector, to give best
legibility on screen. If your primary concern is to get the best quality
printed map, edit the symbols to set them to use a true PostScript printer
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font like Helvetica. You will notice the difference, particularly in the
quality of rotated text on circular maps.
To print a map view

1. If you want to preview how the map will split across printed pages,
click the page mode button in the lower left corner of the view.

This toggles the page mode. In page mode, the tab has dotted lines that
represent page boundaries, so you can see where your map will split.

2. If necessary, adjust the view so that the whole map appears in the
window, by selecting Fit In window from the View scale drop-down
menu next to the page mode button.

Note. This does not affect the printed output size.

3. If you want to scale the map, either to fit on a single sheet of paper,
or to control where the map splits across a page, do the following:

= choose File | Page Setup. The Page Setup dialog box appears

= select Page Attributes from the drop-down menu at the top left of
the dialog box

e enter a value in the Scale text box, then select oK.

The map tab is redrawn. If you need to adjust the size further, repeat this
step as necessary.

4. Choose File | Print.

5. Adjust the print options as required.
6. Select Print.

The map is printed to the chosen device.

Features view

The Features view displays the features table associated with the
sequence. A feature is an item of information about a sequence that is
associated with a specific position within that sequence. The position
may be a single residue, the gap between two residues, or a contiguous
series of residues.

The Features view has a toolbar containing tools that are used to per-
form particular functions. In addition to the common tools that appear
by default on all of the sequence toolbars (see “Common tools™ on
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page 83), the Features view toolbar includes the following feature spe-
cific tools by default:

anNnm # pBR322 — Features =

e R O .

DNA  Locked Text View Prefs Replica Tnp;ingy Cr‘ealf Edit Delete Join

|__E&Ft_c;r _l ﬁau | Features | Annma!lun‘s-_'l

The Create icon provides access to the Feature Editor dialog box which
you can use to add new features to the sequence. Refer to “Adding a
feature” on page 115, for further information.

The Edit icon is enabled only when a feature is selected. It provides
access to the Feature Editor dialog box which you can use to edit the
details of the selected feature. Refer to ““Editing a feature” on page 118,
for further information.

Tip. The Feature Editor does not allow you to modify the appearance of the fea-
ture. Instead this is done using the Symbol Editor which can be accessed by dou-
ble-clicking on the feature in the Map view.

The Delete icon is enabled only when a feature is selected. It is used to
delete the selected feature.

The Join icon is enabled only when two or more features are selected. It
is used to join the selected features to create a single segmented feature.

Note. The Sequence Features toolbar, like all toolbars in MacVector, can be cus-
tomized. Right-click on the toolbar to access this functionality. The tools
described above appear in the default Sequence Features toolbar. Some of these
tools may be absent and other tools may be present depending on your settings.
To display sequence features
1. Make the Sequence window active by clicking inside it.
2. Click on the Features tab.
The Features view is displayed.
You can modify sequence features as follows:
* add a new feature
= edit an existing feature
= delete an existing feature.

Features can be modified only when the sequence is unlocked. This is
done by clicking on the Locked indicator icon in the Sequence window
toolbar.
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Feature keywords

The MacVector feature keyword sets for proteins and nucleic acids
match the SwissProt and GenBank standard sets, respectively, see
Appendix E, “GenBank Feature Tables” for further details. Any stan-
dard feature can be selected from the keyword list when editing the fea-
tures table of protein or nucleic acid sequences.

Adding a feature

You can create a feature directly from a selected region in either the
Editor view or the Map view or create one from scratch using the Fea-
tures view.

You can also use the auto-annotation tool to automatically add features
that match those on annotated sequences in a specified folder (see
“Using auto-annotation to add features and feature appearance infor-
mation” on page 127).

To add a protein feature

1. Click the create icon on the toolbar.
The Feature Editor dialog box is displayed.

& Feature Editar

Feature Keyword C0% -

Locarion:

start Stop Gentlank

Operation: _ loin 3]

[=l Complementary

Cancel ) rom)

By default, any region selected in the Sequence Editor or Sequence Map
view is used to populate the Start Location and Stop Location boxes.
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2. If necessary, supply or modify residue range of the feature using the
Start Location and Stop Location text boxes and the associated At and
Before (<) Of After (>) drop-down menus.

3. Scroll through the Feature Keyword list and select the feature type
that you want to add.

A complete list of the protein feature keywords supported in MacVector
can be found in Appendix E, “GenBank Feature Tables™.

4. Optionally, type a comment in the Comments text box.
Select oK to add the new feature.
To add a nucleic acid feature

1. Click the create icon on the toolbar.
The Feature Editor dialog box is displayed.

@) Feature Editor

(=

Feature Keyword DS

Location

Start Stop GenBank

| Operation: :u

[=] Complementary
Location in GenBank Format:

Qualifiers | Free-Form !

Qualifier 4 Comments

o

—
( Cancel ) oK )

By default, any region selected in the Sequence Editor or Sequence Map
view appears as the first entry in the Location list.

2. Click on the + button to add additional segments to the feature.

A new sheet is displayed in the dialog box, which you can use to define
additional segments.
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3. Select a segment in the Location list and click Edit to modify it.

4. Select a segment in the Location list and click - to remove it from the
feature.

5. Scroll through the Feature Keyword list and select the feature type
that you want to add, or type the name of the feature type you want
to add in the text box.

Note. If you type an invalid keyword into the Feature Keyword text box, then the
OK button on the Feature Editor dialog box will be disabled. Select or type a valid
feature keyword to re-enable the ok button.

A complete list of the nucleic acid feature keywords supported in

MacVector can be found in Appendix E, “GenBank Feature Tables”.

6. Specify how the segments in the Location list should be combined to
construct the feature using the Operation drop-down menu.

Select Join to indicate that the segments should be placed end-to-end to

form one contiguous sequence. Alternatively, select Order to indicate

that the segments can be found in the specified order (5’ to 3’ direction)
but are not necessarily joined.

7. If the feature you are creating is located on the minus strand (the
strand complementary to the one that is actually present in the
sequence file), check the Complementary box. If the feature is located
on the plus strand, ensure the this box is not checked.

8. To add GenBank qualifiers to the feature:
e Ensure the Qualifiers tab is selected.
= Click on the + button.
A new sheet is displayed in the dialog box, which you can use to add
qualifiers.
= Select the Qualifier you want to add from the drop-down list.
Note. Only qualifiers that are allowed by the GenBank specification for the
selected feature type are available in the list.

Note. MacVector now honors the standard GenBank /codon_start qualifier
for defining the start frame of a coding region. This is useful when annotating
exons in eukaryotic sequences where triplet codons may not be in phase due to
the presence of introns. Valid values are 1, 2 and 3.

= Optionally, type Comments in the text box.

= Click ok to add the qualifier to the feature or Cancel to dismiss the
sheet without adding the qualifier.
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= Repeat these steps to add as many qualifiers as you want.

Note. Some feature types have mandatory qualifiers. If one of these is selected,
then MacVector will automatically add the appropriate qualifiers to the Qualifier
list.

9. Alternatively, if you are familiar with GenBank format, you can type
qualifiers in by hand using the Free-Form tab.

10. Select oK to add the new feature.
You can also use the auto-annotate tool to add matching features on
annotated sequences in a specified folder automatically

Editing a feature

To edit a feature

1. Select the feature that you want to edit by clicking on it with the
mouse button.

2. Click the Edit icon on the toolbar to display the current feature infor-
mation in full.

3. Edit the information as required.
Deleting a feature

To delete a feature

1. Select the feature that you want to delete by clicking on it with the
mouse.

2. Click the Delete button on the toolbar to delete the selected feature.

Sorting features

The list of features displayed in the Features view can be sorted in sev-
eral ways:

= in alphabetical order by feature keyword

= in ascending order by starting position on the 5' strand

= inascending order by stopping position on the 5' strand
= in reverse-alphabetical order by feature keyword

= in descending order by starting position on the 5' strand
= in descending order by stopping position on the 5' strand
= by strand
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To sort features

1. On the Features table, click the column heading label of the column

you want to sort.
The feature list will be sorted by that column.

Note. Sorting is an additive process. So, if you sort by Type and then by Strand
you will obtain a list in which, for example, all the CDS features on the upper

strand are grouped together. This makes it easy to select related features and

modify their properties, collectively.

Annotations view

The Annotations view displays text annotations associated with the
sequence. Annotations provide extra information about the sequence,
such as a description, academic references, or identifying numbers
assigned by the databases from which the sequences are taken.

The Annotations view has a toolbar containing tools that are used to per-
form particular functions. In addition to the common tools that appear
by default on all of the sequence toolbars (see “Common tools” on
page 83), the Annotations view toolbar includes the following annota-
tion specific tools by default:

anm # pBR322 — Annotations =]

T ' ) Ar
T2 B RE T F
DNA  Locked Text View Prefs Topology Add Edit Delete
|7 Editor | Map | FeatiresT | Annotations

The Add icon provides access to the Annotation Editor dialog box which
you can use to add new annotations to the sequence. Refer to “Adding
an annotation’ on page 123, for further information.

The Edit icon is enabled only when an annotation is selected. It provides
access to the Annotation Editor dialog box which you can use to edit the
selected annotation. Refer to “Editing an annotation” on page 123, for
further information.

The Delete icon is enabled only when an annotation is selected. It is used
to delete the selected annotation. Refer to “Deleting an annotation” on
page 123, for further information.

Note. The Annotations view toolbar, like all toolbars in Mac\ector, can be cus-

tomized. Right-click on the toolbar to access this functionality. The tools

described above appear in the default Annotations view toolbar. Some of these
tools may be absent and other tools may be present depending on your settings.
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To display sequence annotations

1. Make the Sequence window active by clicking inside it.
2. Click on the Annotations tab.

The Annotation view is displayed.

PUBMED abstracts can be retrieved directly from the Annotation view,
by double-clicking on any reference that contain a PUBMED ID.

You can also modify sequence annotations as follows:
= add a new annotation
= edit an existing annotation
= delete an existing annotation.

Annotations can only be modified when the sequence is unlocked. This
is done by clicking on the Locked indicator icon in the Sequence win-
dow toolbar.

Types of annotation

Field

The LOCUS line in the GenBank annotation field is not fully editable in
MacVector. Instead, MacVector fills in the LOCUS line information
automatically whenever you save a file. The first ten characters of the
name that you gave to the sequence file are used as the locus name.
Although, you can change this. The current number of bases in the
sequence file is computed by MacVector. The molecule representations
(DNA or RNA, circular or linear) are taken from the current settings of
the molecule and linear / circular icons unless you override the settings
in the Save As dialog box. The entry date is the date the modifications
were made.

All other GenBank annotation types can be edited directly.
Description

definition This is a short description of the sequence entry. It starts with the

common name of the source organism, followed by the criteria
that distinguish this sequence from the other parts of the source
genome (gene name and what the gene codes for, the protein name
and mRNA, or a description of the sequence’s function if it is a
noncoding region). The definition line of coding regions can end
with a completeness qualifier such as complete sequence,
complete genome, or cds (complete coding sequence). MacVector
limits this field to 254 characters.
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accession

VErsion

DBLink

keywords

segment

This contains one or more accession numbers that apply to the
sequence entry. Accession numbers are assigned by GenBank and
you would usually change them only if you knew there was an
error in an existing number or if it was a new sequence and you
had just received the accession number assignment from
GenBank. Each accession number consists of an alphabetic
character, followed by five digits. A space character is used to
separate multiple accession numbers. The first accession number
listed is unique to this particular sequence entry. MacVector limits
this field to 254 characters.

This field contains a compound identifier, consisting of the
primary accession number and a numeric version number
associated with the current version of the sequence data in the
record. This is followed by an integer key (a "GI") assigned to the
sequence by NCBI. Mandatory keyword/exactly one record.

The DBLink line (DR line in SWISSPROT) is used as a pointer to
information related to SWISSPROT and GENBANK entries and
found in other data collections.

This field consists of short phrases that provide information about
the sequence entry. Use semicolons to separate the keyword
phrases and a period after the last keyword phrase. MacVector
limits this field to 254 characters.

This field is found only in segmented entries. It is used if two or
more sequence entries of known relative orientation are separated
by a short (less than 10 kb) segment of DNA. The format for the
annotation is: n of total, where n is the segment number of the
current entry and total is the total number of segments. Usually,
you would not use this annotation.
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source

reference

comment

base count

This field has up to three subfields:

Source may contain an abbreviated form of the organism name
and a molecule type.

Organism contains the scientific name for the source organism
(genus and species, where applicable). Sequence files also contain
in the Organism subfield a list of all the taxonomic classification
levels for the organism, separated by semicolons and ending with
a period.

If the sequence is from a parasitic organism, you can enter the
name of the parasite’s host organism in the optional Host subfield.
MacVector limits each subfield to 254 characters.

This field has six subfields:
The optional Title subfield contains the title of the cited reference.

Type anumber in the Reference subfield (references are numbered
sequentially in a GenBank file, starting with 1).

The Author subfield is a list of authors in the order that they appear
in the cited reference. Each name is listed in the form “lastname,
A.A.”. The names are separated by a comma followed by a space.
There is no comma after the penultimate name and the final name
is preceded by the word “and”.

The Journal subfield contains the name of the journal, book, or
thesis where the citation was published, or unpublished if the
sequence has not been published. MacVector limits each subfield
to 254 characters.

The PUBMED ID subfield contains the PUBMED references.

The REMARK subfield contains accredited comments that have
been added by the database managers.

This field is an optional, free-form text section. MacVector limits
this field to 32,767 characters

The contents of this section cannot be changed by the user - the
base count line can only be added to or removed from the file. If
the base count field is present, MacVector automatically updates
the base count whenever you edit a sequence.
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origin This field specifies how the first base is located within the
genome. The Origin field for pBR322, for example, reads EcoR1
site. This field may be left blank or the word Unreported may
be entered. MacVector limits this field to 254 characters.

project This field is an optional, free-form text section.

contig This field is an optional, free-form text section.

Adding an annotation

To add an annotation

1. Click the Add Annotation icon on the toolbar and select the type of
annotation that you want to add from the submenu that appears.

A template for that annotation type is displayed.
2. Type the information as required.

Editing an annotation

To edit an annotation

1. Select the annotation that you want to edit by clicking on it with the
mouse.

2. Click the Edit icon on the toolbar to display an editable version of the
annotation.

3. Edit the information as required.
Deleting an annotation

To delete an annotation

1. Select the annotation that you want to delete by clicking on it with
the mouse.

2. Click the Delete icon on the toolbar to delete the selected annotation.

Text view

A Text view can be created and customized to show additional informa-
tion including defined sequence features, and, in the case of nucleic acid
sequences, the complement strand and translation of major features.

To create a Text view for the current sequence click the Text View icon
on the toolbar.
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Formatting the Text view

You can customize the appearance of the Text view, both as it appears
on the screen and as it will be printed. The formatting enables you to
control:

= the number of residues that occur per sequence block, between
sequence numbers, and between sequence marks

= how the sequence itself is displayed: uppercase or lowercase let-
ters, single- or double-stranded format, and the fixed width font
that is used.

= which feature types will be included among the annotations to the
sequence

= which translated feature types will have their amino acid
sequences printed beneath the nucleic acid sequence.

Text sequence formatting also affects some of the format properties of
the aligned sequence display. Examples of formatting can be found in
Appendix D, “Formatting Examples™.

This functionality may be accessed at any time, whether a text sequence
is present or not. If a text sequence is present, it will be updated immedi-
ately to reflect changes.

806 Text View

i QW e 5 o ® |

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

Appearance Displayed Feature Types

Line Length (30 - 225): 50 ™ binding ™ repeat
\E general E] RNA

Blocking (0 - 50): 0
gl ) @ promoter \glranslation
Numbering (5 - 100): 10 Epm{ein \Ecthel
Marking (0 - 100): 0 ™ region ™ frag
Characters Translate (DNA/RNA anly)
AA code letters: (=) one (three ™ cos ™ mat_peptide

[Jexon ™ sig_peptide

Strandedness: E_E,Jdouble ( | single <
|| block to phase

_Defaults | Revert
Formatting residue sequences

The sequence layout can affect the clarity of the displayed information,
particularly if a lot of feature information is also visible.
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To format a residue sequence

1. Choose MacVector | Preferences from the menu, then click the Text
Display icon on the preferences dialog, or click the prefs icon on the
toolbar when the Features tab is selected.

The Text Display preferences dialog box is displayed.

Note. You can also access the Text Display preferences dialog using Options | For-
mat Annotated Display from the menu.

2. Type a number in the Line Length text box to specify the number of
residues per line.

3. Type a number in the Blocking text box to draw residues in groups of
that number.

4. Type a number in the Numbering text box to number the sequence
residues at that interval.

5. Type a number in the Marking text box to place an asterisk (*) at that
interval along the sequence.

6. This is often set at half the interval of the Numbering value.
7. Select the Letter case as upper Or lower as required.

8. Select the display of amino acid codes as one or three letters when a
nucleic acid sequence translation is displayed.

9. Select either single or double to display a nucleic acid sequence as
either a single- or double-stranded molecule.

10. Select ok to apply the formatting.

Formatting features

When the sequence is displayed, you can control the type of features
that are shown beneath the sequence. The features must be present in the
features table of the sequence.

To display features as sequence annotations

1. Choose MacVector | Preferences from the menu, then click the Text
Display icon on the preferences dialog, or click the prefs icon on the
toolbar when the Features tab is selected.

The Text Display preferences dialog box is displayed.

Note. You can also access the Text Display preferences dialog using Options | For-
mat Annotated Display from the menu.

2. Inthe Displayed Feature Types panel, select and deselect check boxes
as required.
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Selected features that occur in the sequence features table will appear as
annotations to the sequence in the display.

3. Select oK to apply the formatting.
The features are displayed below the appropriate residues.

Note. If two or more features overlap, one appears below the other.

You can also view the translation of certain features, if they occur in the
sequence’s features table. These features are:

= mature protein product (mat_peptide)
= protein coding region (CDS)
= signal peptide (sig_peptide)
= exon regions (exon)
To display feature translations as sequence annotations

1. Choose MacVector | Preferences from the menu, then click the Text
Display icon on the preferences dialog, or click the prefs icon on the
toolbar when the Features tab is selected.

The Text Display preferences dialog box is displayed.

Note. You can also access the Text Display preferences dialog using Options | For-
mat Annotated Display from the menu.

2. In the Translate panel, select and deselect check boxes as required.

3. To display the translated region in codon groups, select block to
phase.

This display style overrides the Blocking value set for the remainder of
the sequence.

4. Select ok to apply the formatting.

Translatable features of the selected types are displayed in translated
form beneath the main sequence.

To change the font used

1. Choose MacVector | Preferences from the menu, then click the Fonts
icon on the preferences dialog.

The Fonts preferences dialog box is displayed.

2. In the Result window font panel, use the drop down menu to change
the font.

3. Check the Enable anti-aliasing option to enable anti-aliasing for dis-
playing the font. This makes fonts appear smoother at the expense of
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reduced sharpness. High resolution monitors may display better

without this option.
4. Select ok to apply the formatting.

Note. Certain printer drivers do not correctly align Monaco text when printed
out, although the alignments look perfect on the screen. Andale Mono is a good

substitute that is correctly aligned on all printers we have tested to date.

Using auto-annotation to add features and feature
appearance information

The auto-annotation tool allows you to compare a bare sequence with
annotated sequences in a specified folder and automatically annotate the
bare sequence with any matching features found on sequences in the
folder. It simplifies the process of annotating sequences downloaded
from GenBank and other sources consistently.

Additionally, the feature appearance information associated with the
any matching features is also copied to the bare sequence. This means
that the auto-annotation tool can also be used to automatically adjust the
appearance of existing features to suit your personal preferences, so
that, for example, Ampicillin resistance genes always appear as green
arrows in your sequence files.

How auto-annotation works

The auto-annotation algorithm reads each file in the specified sequence
folder and determines if it encodes a DNA sequence containing anno-
tated features. It then works through each feature in the DNA, copying
the sequence corresponding to the feature and comparing it to the new
sequence. If a match is found, then the feature is copied to the new
sequence.

There are a couple of things to note about the auto-annotation algorithm;

= Itexamines all sub-folders within the sequence folder you specify.
However, any aliases or shortcuts to other folders are ignored.

= |tdiscards duplicate features, which are those of identical type that
start and stop at the same location on the same strand of the
sequence. It does not consider the description or qualifiers associ-
ated with a feature when determining which are duplicates.

= |fa matching feature is found in a MacVector format file, then the
graphical appearance information associated with that feature is
also copied to the new sequence.
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To use auto-annotation to add features to a new sequence
1. Ensure the required Sequence window is active.

2. Click the Auto-Annotate icon on the toolbar or select Database | Auto-
Annotate Sequence... from the menu.

The Auto-Annotation parameters are displayed.

Sequence Folder

Morcheeba HD:Applications:MacVector 11.0.4:Commeon Vectors Choose... )

Feature Characteristics

] Only consider visible features Minimum feature length: .10

|§1 Discard shorter duplicates Residues around point feature: 30
_| Allow gaps in CDS features

Maximum allowed mismatches: 1

Maximum allowed gaps: g 5

Point Feature Characteristics

[_lInclude point features

_!Include point features enclosed by other features

Feature Modifications

ar

| Leave existing qualifiers and graphics unchanged

F er-mmmmre
Cancel (oK )

The Sequence Folder section displays the name of the folder containing
the annotated sequences that will be compared with the new sequence.

3. Optionally, click the choose button to specify a new folder.

The Feature Characteristics section enables you to control which types of

features will be added.

4. Check only consider visible features to limit the features added to
only those that are visible.

This option is useful if you want to avoid cluttering your sequences with

large numbers of hidden features. For example, the standard GenBank

pBR322 vector sequence has around 60 features assigned to it, but only
four are displayed in most schematic diagrams of the plasmid.
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5. Check Discard shorter duplicates to discard any features that lie
entirely within another feature of the same type, so that only the
longest feature is retained.

Normally, if features have different start or stop locations, they are con-
sidered to be different. However, many vectors have slight differences
in the extent of the replication origin or in features such as T7 or SP6
promoters. So, when comparisons are made with the numerous anno-
tated sequences in the sequence folder, it is possible for the same feature
to be annotated several times, with each annotation differing by one or
two residues at either end. Checking this option removes such dupli-
cates.

6. Check Allow gaps in CDS features to permit gaps in CDS features
when searching for matches between features in the sequence folder
and the new sequence.

In general, MacVector incorporates some fuzziness in the identification
of matching features, allowing a limited number of gaps and mis-
matches in the alignment. However, it does not usually permit gaps in
CDS features because these give rise to frameshifts in the encoded pro-
tein, potentially leading to something completely different to that which
was encoded by the original annotated feature. Checking this option
removes this restriction, which could be useful if you suspect that the
new sequence may have sequencing errors, since allowing gaps in CDS
features should ensure that they are annotated as expected.

7. Specify the Minimum feature length you want the auto-annotation tool
to identify.

The auto-annotation algorithm uses sequence similarity to determine if a
feature is present in the new sequence. This matching method can,
sometimes, lead to very short features being incorrectly added. Con-
sider, for example, a 4 base pair misc_feature being used to label an
important Mbol site in a sequence in the sequence folder. If no mini-
mum feature length is specified, then that feature will be added at every
Mbol (GATC) site in the new sequence — every 256bp on average.

8. Specify the number of Residues around point feature to be examined
when looking for a point feature match in the new sequence.

A point feature is one where the start and stop location are the same.
These might be SNP locations, a replication start site, or just a particular
point of interest. MacVector treats these as a special case.When the
algorithm encounters a point feature, it examines the region containing
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the specified number of residues centered on that point and uses it to
determine if the point feature is present in the new sequence.

Note. This parameter is used only when the Include point features option in the
Point Feature Characteristics section (described below) is selected.

9. Specify the percentage of mismatched residues permitted in the Max-
imum allowed mismatches field.

MacVector incorporates some fuzziness in the identification of match-

ing features, allowing a limited number of gaps and mismatches in the

alignment. This parameters controls the number of mismatches permit-

ted in matching features. The default value of 1 means that only 1 resi-

due in 100 can be mismatched.

10. Specify the percentage of gaps permitted in the Maximum allowed
gaps field.

This parameters controls the number of gaps permitted in matching fea-

tures. The default value of 0.5 means that only 1 gap in 200 residues is

permitted.

The Point Feature Characteristics section enables you to control whether

and how point features are included in the search.

11. Check Include point features to include point features in the search.

Note. If this option is selected, then the Residues around point feature setting pro-
vided in the Feature Characteristics section (described above) will be used to
identify matches.

12. Alternatively, check include point features enclosed by other features
to include point features only if the feature that encloses them is
added.

For example, suppose you have SNPs annotated within a CDS feature.

If the CDS feature gets added to the new sequence, then so do all the

SNPs that lie within it.

The Feature Modifications section enables you to adjust the way the auto-

annotate algorithm handles any existing features in the new sequence.

13. Select Leave existing qualifiers and graphics unchanged to discard
matching features if the new sequence already has features of the
same type at the same location.

Use this option to make sure that no existing features are changed while

still allowing new features to be added.
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14. Alternatively, select Replace qualifiers and graphics for existing fea-
tures to replace existing features in the new sequence with matching
features of the same type at the same location.

Note. Features are replaced but not removed. If there are existing features that do
not match any features in the sequence folder, then they are retained unchanged.

Tip. To auto-annotate a sequence “from scratch”, you should first delete all exist-
ing features, then run the auto-annotation algorithm.

15. Or, select Replace only graphics for existing features to retain all of
the qualifier and description information associated with any exist-
ing features but replace the graphical appearance information with
that of the matching feature.

This option is particularly useful if you have downloaded a sequence
from Entrez or imported a GenBank or EMBL format file, since it
ensures that the feature takes on the graphical appearance you prefer,
without losing any textual annotations.

16. Click oK to run the auto-annotation algorithm or Cancel to dismiss
the dialog without running the algorithm.

A summary dialog providing statistics about the numbers of features
considered, matched, and ignored is displayed when the analysis is com-
plete.

Limitations of auto-annotation

A limitation of the auto-annotation function is that the entire feature
from the scanned folder must be present in the target sequence uninter-
rupted before it will be added. If even a single residue is missing from
one end, it will not be considered a full-length match and will not be
annotated. Similarly, if a feature has been interrupted, e.g. because you
inserted a fragment of DNA into a gene, neither part of the feature will
be annotated.

Importing features from a BED/GFF/GTF/GFF3 file

Import Features allows you to annotate an unannotated or partially
annotated sequence with annotations (or features) contained in a BED/
GFF/GTF/GFF3 file.

To annotate a sequence with a BED/GFF/GTF/GFF3 file

1. Open the sequence file you want to annotate.

2. Select File | Import Features from the menu bar.
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3. Locate and select the BED/GFF/GTF/GFF3 file you want to import
features from and click Open.

The Sequence IDs (SeqlDs) for all the features in the selected BED/
GFF/GTF/GFF3 file are shown, along with the number of features for
each SeqlID and the region of the sequence that the annotations span. A
warning is displayed if any of the features are outside the range of the
selected sequence.

4. Select the SeqlD you want to import features from and click oK.
The number of annotations that have been added is displayed.

If you annotate a blank sequence, for example a Fastq file, then the
resulting features may be hidden. Use the Graphics Palette tree view to
show any hidden features.

You can choose to annotate your sequence with all the features con-
tained in the selected BED/GFF/GTF/GFF3 file or you can use only the
unique features.

Note. Due to the lack of strict standards across many of these file formats it is
possible for potential duplicates to be missed and some degree of manual cura-
tion of the annotated sequence will be required. However, potentially interesting
or important information is never discarded. Only entires which are 100% identi-
cal are identified as duplicates. A feature will not be classed as a duplicate if the
Start, Stop Of Feature Type are different in any way.
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Searching and Downloading
Sequences in the Entrez Database

Overview

This chapter describes how to locate and extract complete sequences
from the Entrez database maintained by NCBI. You can do the follow-
ing:

= find sequences by querying any of the Entrez database fields

= find PUBMED abstracts in the Entrez database using any of the
Entrez database fields

= extract sequences and abstracts from the database to the desktop,
or save them to disk.

Refer to*“*Subsequence analysis on page 181, for details of subse-
guence searching.

Refer to Chapter 12, “Aligning Sequences™, for a description of the
sequence comparison methods used by MacVector.
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The Entrez database

The Entrez database, produced by the National Center for Biotechnol-
ogy Information (NCBI), provides access to DNA and protein
sequences and related bibliographic information. The sequence data
include the complete nucleotide and protein sequence data from the
GenBank, EMBL, DDBJ, PIR, PRF, PDB, SWISS-PROT, dbEST and
dbSTS databases, as well as data from U.S. and European patents.
Entrez also contains a subset of the PUBMED database, including refer-
ences and abstracts which are cited in the sequence databases and other
related PUBMED records.

MacVector can search the Entrez database on the Internet. The data is
updated on a daily basis, and the service is available free of charge.

Refer to Appendix A, “Setting up NCBI's Entrez and BLAST Services”,
for details of accessing the database on the Internet.

Searching the Entrez Database

Choosing the database

The MacVector interface enables you to search the different databases
available through the NCBI separately, providing you with access to the
full range of information available.

Note. Not all of the databases available through the NCBI are sequence databases
(e.g. Index of NCBI web pages).

The precise list of databases you can search is updated from the NCBI's
servers each time you launch an Entrez search.

To choose the database

1. Choose Database | Internet Entrez Search.

The Internet Entrez Browser window is displayed.
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800 Internet Entrez Browser

Database: | PubMed: PubMed bibliographic record
Ready.

Search the Field: | All Fields + | for - oy

Relevance | Document ID | Title

2. Select the database you want to search using the Database drop-down
menu.

Among the most useful databases available are:

Protein sequence record

The protein entries in the Entrez search and retrieval system have been
compiled from a variety of sources, including SwissProt, PIR, PRF,
PDB, and translations from annotated coding regions in GenBank and
RefSeq.

Core nucleotide db

The core nucleotide database contains records for all Entrez nucleotide
sequences that are not found within the EST or GSS divisions of Gen-
Bank. These include sequences from all the remaining divisions of Gen-
Bank, NCBI Reference Sequences (RefSegs), Whole Genome Shotgun
(WGS) sequences, Third Party Annotation (TPA) sequences, and
sequences imported from the Entrez Structure database.

GSS db

The GSS database contains all records found within the Genome Survey
Sequence division of GenBank. GSS records contain first-pass single-
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EST db

read genomic sequences and rarely include annotated biological fea-
tures.

The GSS division contains (but is not limited to) the following types of
data:

= random "single pass read" genome survey sequences.
= cosmid/BAC/YAC end sequences

= exon trapped genomic sequences

= Alu PCR sequences

= transposon-tagged sequences

The EST database contains all records found within the Expressed
Sequence Tags division of GenBank. EST records contain first-pass sin-
gle-read cDNA sequences and include no annotated biological features.

Full nucleotide db

The full nucleotide database is a superset of the Core nucleotide db,
GSS db and EST db.

Performing the search

The set of three drop-down menus enables you to define a single or
combined (Boolean) annotation search of the selected database. The two
All Fields drop-down menus contain a list of all possible search catego-
ries for the database you are searching.

The other drop-down menu contains logical operators that enable you to
perform more complicated searches using two criteria. For example,
you can extract all ribosomal protein sequences from the organism
“Canis” using the following settings:

e “canis*” in the organism field
= the And operator in the central drop-down menu
= “ribosomal” in the indexed words field.

To perform a single category search

1. Choose a search category in the first All Fields drop-down menu.
2. In the adjacent text box, type the required search text.

136

MacVector User Guide



Searching the Entrez Database

Only one string is allowed as a search query for each field, except for
the entry definition field, when separate search strings can be separated
by a single space.

3. Ensure that the logical operator drop-down menu is set to None.

4. Select search to perform the search.

During the search, the search button label changes to Stop, allowing you
to stop the search.

If MacVector finds any matches to your query, it will list them in the top
text panel. The Title, Document ID and the Relevance of the match to your
search text are listed for each match.

Note. If you save the sequence as a file the Document ID number will be used to
name the file (see ““Saving sequences to file”” on page 139).

8006 Internet Entrez Browser

Database: | Protein: Protein sequence record 3|

Search found more than

search the Field: | Organism ¢ for [Canis - (]

[ Search | [ Details | ToDesk | [ ToDisk |

Relevance  Document ID Ti‘tle

363805516 RecName: Full=U1 small nuclear ribonucleoprotein C; Short=UL snRNP C; Short...
m‘”||||m""m""”u“ 353558744 RecMame: Full=Glutamyl-tRNA(CIn) amidotransferase subunit C, mitochondrial;...
”I‘”||||\”|||”|‘|||”H||| 338819185 RecName: Full=Pachytene checkpoint protein 2 homolog; AltName: Full=Thyroid...
m‘”||||m""m""wu 334350950 RecName: Full=Intraflagellar transport protein 43 homolog
\||\|\||||\|\||I|\|\||||\|\||I 325530283 RecName: Full=40S ribosomal protein 53
[N 325530232 RecName: Full=60S ribosomal protein L32
‘"‘H""m""m"mmu 325530228 RecName: Full=605 ribosomal protein L12
m‘”||||m""m""wu 294862486 RecName: Full=T-box transcription factor TBX2; Short=T-box protein 2

To perform a combined category search
1. Choose a search category in the first All Fields drop-down menu.
2. In the adjacent text box, type the required search text.

Only one string is allowed as a search query for each field, except for
the entry definition field, when separate search strings may be separated
by a single space.
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3. Choose a logical operator for combining the two fields from the log-
ical operator drop-down menu.

4. Choose a search category in the second All Fields drop-down menu.
5. In the adjacent text box, type the required search text.

6. Select search to perform the search.

During the search, the search button label changes to Stop.

If MacVector finds any matches to your query, it will list them in the top
text panel. The Title, Document ID and the Relevance of the match to your
search text are listed for each match.

Note. If you save the sequence as a file the Document ID number will be used to
name the file (see ““Saving sequences to file’” on page 139).

Viewing details of search results

The top text panel of the Internet Entrez Browser window contains a
scrollable list of the matches to your query.

To view details of search results

1. Select the required results in the results panel, by clicking or shift-
clicking.

2. Select the Details button.
The relevant NCBI web page is displayed in the bottom text panel of the
Internet Entrez Browser wWindow.

Extracting information from the Entrez database

When you have a set of results from your search, you can do the follow-
ing:
= extract one or more sequences into individual Sequence windows
= save one or more sequences into individual sequence files
= extract abstracts into individual Text windows
= save abstracts as individual text files
= extract abstracts cited in sequence annotations

Extracting sequences to the desktop

To extract sequence search results into sequence windows

1. Select the required results in the results panel, by clicking or shift-
clicking.
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2. Select the To Desk button.

The selected sequences will appear on the desktop in individual
Sequence windows.

Tip. Instead of using the To Desk command, you can extract a sequence just by
double-clicking on the entry in the results panel.
Saving sequences to file

To save sequence search results into sequence files

1. Select the required results in the results panel, by clicking or shift-
clicking.

2. Select the To Disk button.

A dialog box is displayed, enabling you to choose a folder in which to
store the sequence files.

3. To create a new folder, select the New button and type in a name.
4. Select Choose.
Each sequence is saved to its own file. The file is named using the Doc-
ument ID humber of the sequence.
Extracting abstracts to the desk top

To extract PUBMED search results into text windows

1. Select the required results in the results panel, by clicking or shift-
clicking.

2. Select the To Desk button.

The selected abstracts will appear on the desktop in individual text win-
dows.

Tip. Instead of using the To Desk command, you can extract an abstract just by
double-clicking on the entry in the results panel.
Saving abstracts to file

To save PUBMED search results into files

1. Select the required results in the results panel, by clicking or shift-
clicking.

2. Select the To Disk button.

A dialog box is displayed, enabling you to choose a folder in which to
store the abstract files.

3. To create a new folder, select the New button and type in a name.
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4. Select save.
Each abstract is saved to its own file. The file is named using the
PUBMED ID number of the abstract.

Extracting PUBMED abstracts cited in sequence annotations

If you have extracted a sequence that cites a PUBMED reference, you
can retrieve the PUBMED abstract directly from the Annotations view
of the sequence.

151427606

Y * /@

Protein Unlocked Text View Prefs Replica Add Annotation Edit  Delete

| Edmor | LFT 1 Features | Annotations
Type Description
DEFINITION predicted neutrophil evtoselic factor 2 [Canis lupus familiaris]
REFERENCE [11
AUTHORS Kawahara, T. & Lambeth, D.
TITLE Direct Submission
JOURNAL Submission
REFERENCE [21
AUTHORS Kawahara, T., Quinn, M.T. & Lambeth. I.D.
TITLE Molecular evolution of the reactive oxygen-generating NADPH oxidase (Nox/Duox) family
of enzymes.
JOURNAL BMC Evol. Biol., 7, 109. (2007)
PUBMED 17612411
REFERENCE [31
EUEHORS ?J:ﬁ?ﬁgﬁ 0.0 Kawahara,...[17612411] Medline Results
Flicek, P, BHC Eunl. Binl. 7: 168 (2067  [17612411]
Kasprzy® 1MOLacular‘ evalution of the reactive oxygen-gensrating NADPH oxidase
Meidl, Poyl ¢ ADuc )y fami Ly of enzumes.
5chuster‘|
Stalker, | Kawahara, T., Quinn, M.T. & Lambeth, J.0.
TATLE, Ensembl dganyoraunD: HADPH-oxidases (Mox} and the related Oual oxidases {Duox}
JOURNAL Nucleic Alplay varied biological and pathological roles via regulated
PUBMED 1638183 genaration of reactive oxugen species (ROS). Members of the Mox/Duox

family have been identified in a wide variety of organisms, including
manmals, mematodss, Truit fly, green plents, fungi, and Slime molds;
howsver, Littls I known abot the moleculor evalubionary history of
these enzymes. RESULTS: We ossembled and onalyzed the deduced amino
acid sequences of 181 Mox/Duox orthologs from 25 species, including
wertebrates, urochordates, echinoderms, insects, nematodes, fungi,
slime mold smosba, wlga and plants. In contrast to RDS defense
erzymes, such os superoxide dismutase and catalase that are present

in prokaryotes, ROS—generating Hox/Duox orthologs only appeared later
in evolution. Moleculor taxonomy revealed seven distinct subfamilies
of Hoxes and Duoxes. The calcium-regulated orthologs represanting 4
subfemilies diverged early ond ore the most widely distributed in
bialogy. Subunit-regulated Hoxes represent a second major subdivision,
and ppeared first in fungi and @mosba. NoxS was lost in rodents,
and Mox3, which functions h the imner ear in gravity perception,
emerged the most recently, corresponding to full-time adaptation of
o|vertebrates to land. The sea urchin Strongylocentrotus purpuratus
possesses the eorliest MoxZ co-ortholog of vertebrate Moxl, 2, and 3,
while Mox# first appeared somewhat later in urochordates. Comparison’
of ewolutionary substitution rates demonstrates that Nox2, the
requlatory sublnits pA7phox and pETphox, and Dusx are more
Stringently conserved ik vertebrates then other NMowes and Mox

Rk o) SUBUR T oAt a1 - SRR Ao SOP e By
catalytic or regulatory regions, oz 68 residuss were highly conserved
amang all Hox/Duox orthologs, and 14 of these were identical with
those mutated in Nox2 in varionts of ¥-linked chronic gronulomatous

To extract PUBMED abstracts from a sequence window

1. Ensure that the required sequence is displayed in the active window.
2. Select the Annotations tab.

3. Scroll through the annotations and identify the PUBMED reference.
4. Double-click on the reference.

MacVector retrieves the PUBMED reference from the Entrez database,
and the abstract is displayed in a new text window.
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Overview
This chapter describes how to:

Calculating Sequence Properties

.

= calculate sequence property analyses

perform base composition analysis

display and manage the results of a sequence property profile cal-

culation

find open reading frames using user-designated start and stop

codons

find regions of a nucleic acid that are likely to code for protein
according to Fickett’s TESTCODE algorithm

create codon preference plots to locate regions that have a high
probability of coding for a highly expressed protein

Refer to Chapter 5, “Working with Sequences and Features™, for details
about opening and editing sequence files before analysis.

Contents

Overview 141 150

Sequence Properties 142 Searching nucleic acids for coding
Protein sequence properties 142 regions ) ) _ _ 155
Nucleic acid sequence properties 145 Performing Nucleic Acid Analysis
Window size 146 Toolbox analyses 159

Performing protein sequence analyses 146
Viewing Protein Analysis Toolbox

results

148

Performing nucleic acid sequence analyses

150

Performing base composition analysis




Calculating Sequence Properties

Sequence Properties

MacVector contains many methods for analyzing the properties and
composition of proteins and nucleic acid sequences. Detailed informa-
tion about these analyses is available in Chapter 20, “Understanding
Protein and DNA Analysis™.

Protein sequence properties

The available methods for predicting sequence properties for protein
sequences are summarized in the following sections.

Antigenicity
Hopp-Woods

Parker

Protrusion

Welling

Antigenic Index

The Hopp-Woods scale was designed to predict the locations
of antigenic determinants in a protein, assuming that the
antigenic determinants would be exposed on the surface of
the protein and thus would be located in hydrophilic regions.
Its values are derived from the transfer free energies for
amino acid side chains between ethanol and water.

Predicts the location of antigenic determinants by finding the
area of greatest local hydrophilicity. It is based on the Hopp-
Woods method, but differs in that it uses a modified
hydrophilicity scale, based on the HPLC retention times of
model peptides.

Uses the Protrusion Index, which is an antigenic scale based
on a study of proteins with known 3D structure. The
tendency of each residue to be located in a protruding region
of the protein can be calculated using this method.

Calculates a statistical score, where the antigenicity value
for each residue is calculated as the log of the quotient
between its percentage in a sample of known antigenic
regions and its percentage in average proteins.

Uses a modified version of the Jameson and Wolf algorithm,
which combines hydrophilicity, surface, flexibility and
secondary structure predictions to produce a composite
surface contour of a protein.
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Flexibility

Protein flexibility

The Karplus and Schulz method measures the flexibility of
each residue and assigns each residue a class (rigid,
intermediate, or mobile) based on the flexibility of the
residue and its two neighbors. Flexibility is a useful
predictive parameter of antigenicity.

Secondary Structure

Chou-Fasman

Robson-Garnier

Hydrophobicity

Fauchere-Pliska

Janin

Kyte-Doolittle

Manalavan

Uses the tendency of an amino acid to appear in a given
secondary structure in known X-ray structures to predict
unknown structures.

Predicts secondary structure based upon the effect that each
amino acid has on the conformational state of its neighbors.

Uses a hydrophaobicity scale based on the experimental
octanol/water partition of the N-acetyl-amino-acid amides of
each residue at neutral pH. Each hydrophobicity value is
expressed with respect to glycine (which scores 0), so
positive values indicate a greater hydrophobicity than
glycine.

A method based on the accessibility of residues, with a molar
fraction (%) of the occurrences of buried (< 20 Angstroms
exposed surface area) and exposed (> 20 Angstroms exposed
surface area) residues being derived.

The Kyte-Doolittle scale is the most commonly used
hydropathy scale. Its values are assigned using a
combination of the water-vapor transfer free energies for
amino acid side chains and the preference of amino acid side
chains for interior or exterior environments. Small
adjustments are made to the final values based on the
experience of the authors.

A method based on a 'bulk hydrophobicity character', as the
hydrophobicity of an individual amino acid residue is
modified by the presence of other residues within an 8
Angstrom radius.
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Sweet-Eisenberg

von Heijne

Hydrophilicity
Hopp-Woods

Amphiphilicity

Amphiphilicity
Helix

Amphiphilicity
Sheet

Transmembrane

Argos Helix

von Heijne Helix

Uses a consensus scale comprising four other
hydrophobicity scales, including the Janin scale and the von
Heijne scale. The method averages the four scales to reduce
the effect of outlier values on the predictions.

Uses a scale that reflects the estimated free energies of
transfer of residues when moving from an alpha-helix in
water to an alpha-helix in a non-polar phase (with no
hydrogen bonding capacity).

The Hopp-Woods scale was designed to predict the locations
of antigenic determinants in a protein, assuming that the
antigenic determinants would be exposed on the surface of
the protein and thus would be located in hydrophilic regions.
Its values are derived from the transfer free energies for
amino acid side chains between ethanol and water.

Uses the periodicity in the protein’s hydrophobicity in alpha-
helical regions to calculate amphiphilicity.

Uses the periodicity in the protein’s hydrophabicity in beta
sheet regions to calculate amphiphilicity.

Predicts membrane-bound, helical sequence regions, based
on data from proteins which are known to interact with
membranes.

Weights the contribution from each residue, so that the
residues in the central apolar region of the bilayer dominate
the prediction. However, good noise reduction is also
obtained.
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Goldman-
Engelman-Steitz
(GES)

Surface

Surface probability

General

Composition

MW

pl

The GES scale was developed in order to identify possible
transmembrane helices in a protein. The scale values are the
sums of hydrophobic and hydrophilic components for each
amino acid. Hydrophobic components are derived from the
free energy of water-oil transfer for the side chains;
hydrophilic components take into consideration the free
energy for inserting charged groups into a bilayer and the
free-energy contributions from hydrogen-bonding with
water and with backbone carbonyl groups (if the residues
can form such bonds when participating in a helical
structure).

This profile was designed to predict which regions of a
protein are most likely to lie on the protein’s surface, based
on knowledge of which amino acids are more likely to be
found on the surface of proteins of known structure. It is
based on the work of Janin et al (1978) and Emini et al
(1965).

This profile generates a listing of the amino acid
composition.

This profile calculates the protein molecular weight.

This calculates the pH at which the protein has a net charge
of zero.

Nucleic acid sequence properties

The following types of sequence property profile calculation are avail-
able for nucleic acid sequences:

= percentage base composition with respect to any combination of
nucleotides

= mono-, di-, and trinucleotide frequencies

= melting or dissociation temperature of a nucleic acid sequence or
oligo, including a running average for the sequence

= Coding preference plots
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Window size
The window size determines the number of residues that are grouped
together for analysis. For example, a window size of 3 will result in the
sequence being analyzed in blocks of 3 residues, throughout the length
of the sequence.
The percentage base composition is calculated on the basis of the win-
dow size that you specify in the Base Composition Analysis dialog box.
You can select a different window size for each profile algorithm.
Note. You cannot change the window size for the following protein algorithms:

Protein flexibility, von Heijne transmembrane flexibility, and Argos transmem-
brane flexibility. These methods use a fixed window size.

Performing protein sequence analyses

Protein analyses are accessible by choosing Analyze | Protein Analysis
Toolbox. This item is enabled when a protein sequence file is the active
window.

When a protein sequence is the active window, one or more analyses
can be performed for the sequence.

Protein Analysis Toolbox

Protocal List Plot Parameters

Amino Acid Properties O e
Parker antigenicity aooO
Protrusion Index antigenicity o™ Window Size:
Welling antigenicity ad
Antigenic Index oo
Kyte/Doolittle hydrophilicity oo Hold down the Option key 1o
Hopp/Woods vropricty  CIC]  secasmecanenreLtr
GES hydrophilicity OooO click
Fauchere/Pliska hydrophobicity oo
Janin hydrophobicity ad
Manavalan hydrophobicity a0

Region

L to |15 E}j | Defaults Cancel

To perform a protein sequence analysis
1. Choose Analyze | Protein Analysis Toolbox.
The Protein Analysis Toolbox dialog box is displayed.
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2. Scroll through the Protocol list and select the profile you want to cal-
culate.

When a profile is selected, a brief description of it is displayed in the
text panel to the right of the Protocol list.

3. Select the List and Plot check boxes as necessary for a text listing or
graphical view of the results.

To select or deselect all checkboxes in a column, hold down the option
key while clicking on any checkbox in the column.

4. Repeat steps 2 and 3 for each profile you want to calculate.

5. Choose the portion of the sequence that you want to analyze by typ-
ing in the sequence numbers that bracket the region in the Region
text boxes. Alternatively, select a region from the feature selector
drop-down menu to the right of the text boxes.

Note. Some profiles require a minimum sequence length, or window, for their
calculation. A selection smaller than this value is the most common cause of the
calculation failing.

6. If you want to use MacVector default settings, select Defaults.
7. Select oK to perform the analysis.

Note. The ok button will only be enabled if at least one List or Plot checkbox is
selected.

P e AZ23035 Protein Toolbox Plot

Antigenic Index: ‘Window =7 f

8.6
a.4
Sy il ik i -
= i i
'E -@.8
L gz £ | l LYEINN... LoL RS BESE.. 1 dili e |
E a4} } 8 © A A23035 Protein Tool...
-A.6 R .
Kay:
-8.8 Al = Antigenic Index @
58 168 156 206 258 3 Flex = Protein flexibility
Protein flexibility:  Window = 7 | o m AL Flex
1 H -.288  8.982
2 R 8.127 1.886
Es L. 3 E -8.115  B8.967
£ 4 C -8.259  B.948
2 ' 5 1 -8.263  B.922
ki n '" 6 5 -8.589 B.989
= 7 I -8.513  8.911
8 H -B.418  B.938
3 -8.359  B.958
18 G -8.356  B.982
2, %' 11 0 -8.341  B.99%
| 12 A -8.168  B.992
- 13 G -8.296  8.977
14 v -.382  B.969
0 -B8.266  B.967

Aaa A
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Viewing Protein Analysis Toolbox results

The results of the analysis are displayed automatically. Plots generated
by selecting the Plot check box are displayed in a graphical Toolbox
Plot window. Numerical results generated by selecting the List check
box are displayed as tables in a scrollable Toolbox List text window.

Further viewing options, and saving and printing results are described in
Chapter 3, “General Procedures™.

Protein Toolbox Lists
There are a few points to note about protein Toolbox Lists:
= each table column is in units specific to the analysis
= column abbreviations are explained at the top of the list
= the table may print incorrectly with large numbers of profiles. This
will depend on your printer page width settings.

& O  A25377 Protein Toolbox List

Key: M
CFhlx = Chou-Fasman Alpha Helix
CFsht = Chou-Fasman Beta Sheet
CFturn = Lhou-Fasman Turn
CFval = Chou-Fasman Structure Value
CFtype = Chou-Fasman Probable Type
Pos. AR CFhix CFsht CFturn CFval CFtype
#14 N B._9a88 B_768 B_515 1.18 T
415 H 1.898 B.828 8.488 B.85 T
416 N 11322 a_846 8_368 B.85 T
417 0 1.849 8.9532 8.284 B.8% T
418 L 1.1286 B.951 8.298 B.65
419 v 12819 B.9491 B_483 B.98
428 5 1.871 8.997 8.3292 B.65
421 E 1.184 1.889 B_256 B.65
422 Y 1821 1.841 B.342 B.9%8
423 0 1.873 B.943 B._384 B.65
424 ] 1.184 B.918 B_257 B_BS -
425 Y 1.883 8.931 8.417 B.65 |
426 | 1.868 6_884d B.371 B.G5
427 D 1.889 B.983 8.466 B.98 T
428 A 8.978 B.971 B_I52 B.3a T
429 G 1.879 B_.988 B.393 B_65 HT
438 v 1.182 B.893 B.313 B.65 HT
431 1] 1.168 a_8a7 8.348 B.65 H
432 E 1.181 8.876 8.157 B.65 H .
433 E 1.387 a.851 8.257 B.65 H 3
434 E 1.288 B_817 B_318 B_GS H
425 F 1227 R 271 A 704 R85 H b

Protein Toolbox Plots
There are a number of points to note about protein Toolbox Plots:
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= when using the zoom facility (see ““To magnify an area of the
graphic” on page 37), scales are dynamically recalculated to max-
imize the range

= the secondary structure plots have two parts: running average plots
for the helix, coil and turn structures; and structure prediction bars
across the top of the plot

= when both Robson-Garnier and Chou-Fasman plots are calculated,
a consensus plot is also generated. The running average values are
the product of the normalized values from each individual plot,
and structure prediction bars are only drawn where both methods

agree.
(NN A23035 Protein Toolbox Plot
Chou Fasman 2° structure:  Window = 7 o
B3 Helix Sheet Ed Turn
= 132 &
E 1ol e b Lt A ALY
B B.S ; = \""F‘I"H" 1]1\1 W ST ﬁ:_.r e
: ) . S l il N\I]
2 a.5 ' I i ;
4 LY T o R
8.0 ; a
58 168 158 288 258 FeleTe) 258 480 450 <

To navigate in the Protein Toolbox Plot window
1. To magnify a selected region, click and drag in the window
2. To return to the whole plot, double-click anywhere in the window

3. Tozoom in, press the Up-arrow key (or 8 and + keys) to zoom by a
factor of 2, or press Shift+Up-arrow to zoom to individual residues

4. To zoom out, press the Down-arrow key (or 88 and - keys) to zoom
by a factor of 2, or press shift+Down-arrow to zoom all the way out

5. To shift to the right, press the Right-arrow key to shift 10% to the
right, or press shift+Right-arrow to shift 80% to the right

6. To shift to the left, press the Left-arrow key to shift 10% to the left,
or press Shift+Left-arrow to shift 80% to the left.

Nucleic acid analyses are accessible by choosing Analyze | Base Compo-
sition, Analyze | ORF Analysis Or Analyze | Nucleic Acid Analysis Toolbox.
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These items are enabled when a nucleic acid sequence file is the active

window.

Nucleic acid analyses are accessible by choosing Analyze | Base Compo-
sition, Analyze | ORF Analysis Or Analyze | Nucleic Acid Analysis Toolbox.

These items are enabled when a nucleic acid sequence file is the active
window.

Performing nucleic acid sequence analyses

Nucleic acid analyses are accessible by choosing Analyze | Base Compo-
sition, Analyze | ORF Analysis Or Analyze | Nucleic Acid Analysis Toolbox.
These items are enabled when a nucleic acid sequence file is the active
window.

Performing base composition analysis

When a DNA sequence is the active window, one or more profiles can
be calculated for the sequence’s base composition.

Base Compaosition Analysis

~ List... ~ — Plot...

E mononucleotide frequencies E Base composition
__ dinucleotide frequencies

[ trinucleotide frequencies

( Options... ‘

temperature info [l temperature profile

~ Histograms... ———— | window size: 50

I dinucleotide  { Options... )
'p—/J Region...
| trinucleatide (- Options... ) ﬂ_l__"___-to 4361 [‘_?j

~ Temperature Parameters...

Calculate | Tm fi']far DNA-DNA duplex i'ﬁ'!
nucleic acid conc. (pM): 0.50000
cation conc. (mM): 50.00

( Defaults:J { cancel J G—ﬁ&-—a

To perform a base composition analysis
1. Choose Analyze | Base Composition from the menu.
The Base Composition Analysis dialog box is displayed.
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2. Select one or more check boxes in the List panel to generate a text
listing of the required mono-, di- and trinucleotide frequencies and
temperature information.

3. Select the Base composition check box to generate percentage com-
position plots.

4. Specify the required composition plots by selecting Options in the
Plot panel. See““Specifying base composition plots™ on page 152 for
details of this procedure.

5. Select the temperature profile check box to generate a running aver-
age of the sequence Tm or Td.

6. Specify temperature profile parameters in the Temperature Parame-
ters panel as follows:

* choose Tm or Td from the Calculate drop-down menu

= choose the duplex type from the adjacent drop-down menu
= enter a value in the nucleic acid conc. text box

= enter a value in the cation conc. text box.

7. Type avalue in the window size text box for the number of residues
over which properties are calculated.

8. Select the required check boxes in the Histograms panel to generate
histograms for di- and trinucleotide repeats along the sequence.

9. Specify the required histograms by selecting Options to the right of
each check box. See ““Specifying nucleotide frequency histograms™,
p 8-15, for details of this procedure.

10. If required, you can restrict the analysis to a portion of the sequence,
by typing in the sequence numbers that bracket the region in the
Region text boxes. Alternatively, select a region from the feature
selector drop-down menu to the right of the text boxes.

11. Select ok to perform the analysis.

Alternatively, select Defaults to restore the default settings, or Cancel to
close the dialog box without performing the analysis.
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Specifying base composition plots

When base composition plots are generated, MacVector can generate up
to six separate graphs, each with a maximum of four plots.

Base Compaosition Plotting Options

Flot 1 Plot 2 Plot 3 Plot 4

Panel 1: ]KI-" c " T " ?_"
Panel 2: vv

Panel 3:
Panel 4:
Panel 5:

Panel &:

(Cancel ) € 0K )

To specify base composition plots

1. Choose Analyze | Base Composition from the menu.

The Base Composition Analysis dialog box is displayed.

2. Select Options in the Plot panel.

The Base Composition Plotting Options dialog box is displayed.

3. Enter the required composition plot for the first graph, either by typ-
ing one or more base characters in the Panel 1/ Plot 1 text box, or by
selecting the arrow button to the right of the text box and choosing
from the drop-down menu.

When a valid entry is made, the following changes occur:
= asecond text box appears, under the Plot 2 position
= anew text box appears in the Panel 2 row, at the Plot 1 position.

The Panel rows refer to separate graphs, the Plot columns to plots on
each graph.

4. Enter additional composition plots as required.

Each time an extra plot is specified for a given panel, a new text box
appears under the next plot column, up to the maximum 4 plots. When
the first plot for a panel is specified, a new row appears, up to the maxi-
mum 6 panels. The following picture shows a typical specification of
the composition plots.
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Base Composition Plotting Options
Plot 1 Plot 2 Plot 3 Plot 4 |
Panel 1: G v- ?,' Fvv G'I‘i_'iv
PanelZ:T—vv Tvv Fvv —'iv
FanelS:Tv- F,' —vv
Panel4:[—vv F,v —vv
Panel 5: | |~ -

Panel 6:

( Cancel ) ( —GK—)

5. To change the color of each plot, do one of the following:

= Click on the arrow button to the right of the color swatch, and
choose from the displayed color palette

= Click on the color swatch itself, and use the system Color Picker;
this is useful for fine control.

6. Select oK to dismiss the Base Composition Plotting Options dialog
box.

7. Select OK to generate the plots.
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Specifying nucleotide frequency histograms

The frequency of occurrence of di- and trinucleotides is visualized in
MacVector using a histogram plot, where each histogram bar represents
the number of occurrences of the selected set of nucleotides, within a
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region of the sequence whose length is determined by the number of
bars you choose to plot on the histogram.

Dinucleotide Histogram Options

Plot |L00 ~ bars

Panel 1: _ o

{ Cancel ) ( 0K }
T —

To specify nucleotide frequency histograms
1. Choose Analyze | Base Composition.
The Base Composition Analysis dialog box is displayed.

2. Select Options in the Histograms panel next to the dinucleotide or tri-
nucleotide check box.

Depending on which options was selected, either the Dinucleotide Or Tri-

nucleotide Histogram Options dialog box is displayed.

3. Enter either the 2 or 3 letters that represent the di- or trinucleotide
sequence in the Panel text boxes.

Up to 6 histograms can be generated for dinucleotides and trinucle-
otides. As each histogram is specified, a new panel row appears, up to
the maximum allowed.

4. Enter the number of bars required for each histogram in the Plot text
box.

The sequence being analyzed is split into equal parts, and the number of
occurrences of the nucleotide sequence in each part is represented by a
bar on the histogram.

5. If you need to change the bar color, do one of the following:

= Click on the arrow button to the right of the color swatch, and
choose from the displayed color palette
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= Click on the color swatch itself, and use the system Color Picker;
this is useful for fine control.

6. Select oK to dismiss the Histogram Options dialog box.
7. Select OK to generate the histograms.
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Searching nucleic acids for coding regions

ORF analysis
Open reading frame (ORF) analysis enables you to find:
= open reading frames using user-designated start and stop codons
= regions of a nucleic acid that are likely to code for protein accord-
ing to Fickett’s TESTCODE algorithm.

To run the analysis, a nucleic acid sequence window must be the active
window. If you want to define your own start and stop codons, you must
edit the genetic code that you are using. See Chapter 11, “Using Tran-
scription and Translation Functions™, for further details of this proce-
dure.

Finding open reading frames and coding regions

The ORF analysis and Fickett’s coding region algorithm are initiated on
the same dialog box, and can be performed as a single analysis. Refer to
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Chapter 20, “Understanding Protein and DNA Analysis™, for further
details of Fickett’s alogorithm.

Open Reading Frame Analysis

Search Options
[ start/stop codons...
min. # of amino acids: 25

E 5" ends are starts EH' ends are stops
[E Codons after stops are starts

1 Fickett's method... —
min. DNA length: 200

ak

min. coding probability 0.92

genetic code: | universal f +-]

Region

1 0 4361 | [¥)
strand: r_-bmh i---"-,-] | Cancel ) OK

To find an open reading frame

1. Choose Analyze | Open Reading Frames from the menu.
The Open Reading Frame Analysis dialog box is displayed.
2. Select the start/stop codons check box.

Tip. You may want to define your own start and stop codons. Refer to Chapter
11, “Using Transcription and Translation Functions™, for details of this.

3. Specify the minimum amino acid length that you want to consider to
be a valid open reading frame in the min. # of amino acids text box.

Tip. The majority of proteins are larger than 75 amino acids. However, eukary-
otic exons can be as small as 20 to 25 amino acids.

4. Select check boxes for treating the sequence ends as start and stop
codons. The options are:
® 5 ends are starts
® 3’ ends are stops
® Codons after stops are starts

Normally all three boxes should be checked because MacVector defines
an open reading frame as a region flanked by a start codon and a stop
codon. If your sequence fragment lies in the middle of a coding region
and contains no start or stop codons, for example, MacVector will not
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report any open reading frames unless you have checked both 5' ends are
starts codon and 3' ends are stops. The Codons after stops are starts
option is recommended for eukaryote sequences where introns are com-
mon. Where there are internal coding exons, it finds the longest possible
ORFs, ensuring that the entire exon is captured.

5. Select the genetic code that contains the start and stop codons you
want to use from the genetic code drop-down menu

6. You can restrict the search to a certain region of the sequence by typ-
ing in the sequence numbers that bracket the region in the Region
panel, or by selecting a region from the features table drop-down
menu at the right of the text boxes.

7. You can restrict the analysis to one or both strands by selecting the
appropriate item from the strand drop-down menu.
8. Select oK to perform the analysis.

Tip. You can perform a coding region analysis at the same time (see “To find a
coding region using Fickett’s method” on page 157). The results will include
only those ORFs that are found by both methods.

After the analysis is complete, the Open Reading Frame Analysis Display
Options dialog box is displayed. Its use is described in “Displaying ORF
and coding region search results” on page 158.

Open Reading Frame Analysis

Search Options
" start/stop codons...
min. # of amino acids: 25
ES' ends are starts @ 3" ends are stops
ECodons after stops are starts

gFickett's method. .. =
min. DNA length:  [200

min. coding probability: [ 0.92 | 3]

genetic code: | universal | :]
Region

1 to 4361 (%)

strand: | both i'i] ( Cancel ) @

To find a coding region using Fickett’s method
1. Choose Analyze | Open Reading Frames from the menu.
The Open Reading Frame Analysis dialog box is displayed.
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2. Select the Fickett’s method check box.
3. Type in the min. DNA length.
This should be at least 200 for best results.

4. Select a value for the coding probability from the min. coding proba-
bility drop-down menu.

Fickett’s method assigns any region that has a coding probability below
0.29 as “non-coding” and any region with a coding probability greater
than 0.92 as “coding.” Regions with intermediate probabilities are
assigned “no opinion.” You can include these borderline regions with
the “coding” regions by setting the probability of coding at successively
lower numbers.

Note. Fickett’s method is independent of start and stop codons and it cannot dis-
tinguish between frames. It simply reports regions where the cutoff value is
exceeded.

5. You can restrict the search to a certain region of the sequence by typ-
ing in the sequence numbers that bracket the region in the Region
panel, or by selecting a region from the features selector drop-down
menu to the right of the text boxes.

6. You can restrict the analysis to one or both strands by selecting the
appropriate item from the strand drop-down menu.

7. Select oK to perform the analysis.

Tip. You can perform an open reading frame analysis at the same time (see “To
find an open reading frame” on page 156). The results will include only those
OREFs that are found by both methods.

After the analysis is complete, the Open Reading Frame Analysis Display
Options dialog box is displayed. The use of this dialog box is described
in the next section.

Displaying ORF and coding region search results

The results of a reading frame analysis or coding region search can be
displayed in several ways:

= asatext listing
= asalinear map
= as an annotated sequence.

If you have performed both types of analysis at the same time, the com-
bined results are displayed.
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Each display type can be saved to disk or printed when the correspond-
ing view is active. Refer to Chapter 3, ““General Procedures™, for fur-
ther details.

Open Reading Frame Analysis
8 = O_ml_on_s ke el kS
30 ORFs found in pBR322...
# List ORFs by [ position  ['3)
@ ORF map
EORF—annotated sequence

'Z:_' Cancel ) @

To display ORF and coding region search results

1.

The Open Reading Frame Analysis Display Options dialog box is dis-
played on completion of each analysis. To display this dialog box at
other times, choose Analyze | Open Reading Frames When any open
reading frame display result window is active.

Select List ORFs by to display a text window that contains a list of the
open reading frames / coding regions found. The associated drop-
down menu enables you to specify whether the list should be ordered
according to position in the sequence or according to the length of the
open reading frames / coding regions.

Select ORF map to display a map window that shows a linear map of
the positions of the ORFs / coding regions.

Tip. Right-click on an ORF or coding region in the ORF map and select Create
CSD Feature from the context menu to add that feature to the original seqeunce in
a Genbank compatible format.

Note. If you select a single ORF in the ORF map the sequence will be high-
lighted in the original Sequence window. This provides another way of creating a
feature for an ORF.

4.

5.

Select ORF-annotated sequence to display a Text view that shows the
nucleic acid sequence and the translated sequences of any ORFs or
coding regions found by the analysis.

Select Ok to display the requested results.

Performing Nucleic Acid Analysis Toolbox analyses

The coding preference plots in the Nucleic Acid Analysis Toolbox
enable you to locate regions in a sequence that have a high probability
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of coding for a highly expressed protein. Where such regions are found,
the plots also help you to determine which reading frame is the coding
frame.

MacVector offers a range of algorithms for calculating coding prefer-
ences and locating protein-coding regions in a sequence:

= Open reading frames

* G+C % composition

= Fickett’s TestCode

= Uneven positional base frequencies
= Positional base preference

= MacVector codon preference

= Gribskov codon preference

= Staden codon preference

= Transfac profile

Refer to “Base composition methods™ on page 441, “Codon preference
and codon bias tables™ on page 445, and “Transfac profile scans” on
page 160 for details of the calculations.

Most algorithms generate three plots, one for each possible starting
codon position. These can be displayed separately, or combined in a sin-
gle panel to accentuate the differences between plots. You can display
the results of several different analyses in aligned panels, and control
the colors of the different plots.

To run this analysis, a nucleic acid sequence window must be the active

window, and a codon bias file for the organism under investigation must
be available. Several codon bias files are provided with MacVector.

Transfac profile scans

The Nucleic Acid Analysis Toolbox allows you to scan a sequence with
up to two profile files. MacVector reads profile in transfac profile for-
mat. The default profiles are of Donor and Acceptor sites for RNA
splicing. There is also a set of profile files for the Jaspar database of
transcription factors in the MacvVector 12.6/Profiles folder.

The Multiple Sequene Alignment window Profile view displays the
transfac profile for the current alignment. You can export or copy and
paste this text into text edit and use the resulting file as the source file
for a Profile search in the Nuclic Acid Analysis Toolbox.
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To generate the plot the profile is moved along the sequence and the
score at each position is calculated by adding together the count of the
corresponding residues for each position in the profile. The codon bias
is taken into account and then the cumulative log odds probabilities for
each position having a match to the profile are plotted along the
sequence. The scale is chosen so that by default the base is set to twice
the standard deviation of the results.

Additionally, whether the target site actually matches the consensus
splice site or not is displayed on the same plot. There is a threshold %
setting in the Profile pane, default 85%. When MacVector loads a pro-
file it generates a consensus using the least degenerate IUPAC code that
matches or exceeds 85%. So if 90% of the residues are G, then the con-
sensus is G. If 40% are C, 45% T and the rest A or T, then it will assign
Y, the IUPAC code for C or T. It then scans the target sequence for a
match to the consensus. Where it finds them, it draws a box on the plot
covering the length of the profile with a vertical line through at the "cut"
point. If a region matches both profiles, then the box is drawn in red
rather than blue or green.

If a peak is present in the profile plot corresponding with the vertical
line through a consensus box then that indicates you have a high proba-
bility profile "hit" that also matches the consensus sequence for the pro-
file.
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Generating plots with the Nucleic Acid Analysis Toolbox

Nucleic Acid Tooclbox

Algorithm Parameters
Open Reacllr.lg. Frames 2 (BB e
Codon-specific G+C% e
Fickett's TestCode ] Window Size: |40
Uneven Positional Base Frequencies ] o =
Positional Base Preference & St @
MacVector Codon Praferance ]
Staden Codon Preference e # Scale to 2x Std. Dev.
Gribskov Cadon Preference i}
Transfac Profile ]

The classic Gribskov algorithm as implemanted in the GOG
Wiscansin Package.

Options PlottingOptions
(" Codon Bias File: ) Arabidopsis thaliana | Plot Separately &
\_-0don Bias riie: )

E‘ Show start codons
™ Show stop codons
™ Show rare codons

Location: | Center 3]

genetic code: | universal &

Region

It i) 9500 I‘::J ( Defaults ) ( Options ) [ Cancel ) ok

To generate nucleic acid analysis plots
1. Choose Analyze | Nucleic Acid Analysis Toolbox from the menu
The Nucleic Acid Toolbox dialog box is displayed.

2. Scroll through the Algorithm list and select the checkbox for an algo-
rithm you want to use.

When an algorithm is highlighted, a brief description is displayed below
the Algorithm list, and the options for it are displayed in the Parameters
panel.

Tip. You can browse through descriptions and parameters for the algorithms
without selecting their check boxes. Simply click on a name in the algorithm list
to display this information.

3. Inthe Parameters panel, adjust the settings as required.

Window size is set independently for each algorithm. Increasing the
window size gives smoother, clearer graphs, but reduces the definition
of start and stop locations and can obscure short coding regions. For
more details, refer to the individual algorithm entries in ““Coding
regions™ on page 440.

4. Repeat steps 2 and 3 to add more algorithms, as required.
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To remove an algorithm from analysis, reselect its check box.To select
or deselect all the algorithms, hold down the option key while clicking
on any checkbox.

5. To choose the correct codon bias table, select the Codon Bias File:
button in the Options panel. A file selection dialog box is displayed;
select the required file, normally from the Codon Bias Tables
folder.

6. To select the genetic code, choose from the genetic code drop-down
menu in the Options panel.

Tip. To modify which codons are used as starts and stops, you can create your
own genetic code. See “Modifying genetic codes’ on page 242.

7. From the drop-down menu in the Piotting options panel, choose
either:

* Combined plots - to combine the plots into a single panel
* Plot separately - to plot each frame in a separate panel

8. To adjust the display of codons in the plots, select as required the
checkboxes for:

® Show start codons
® Show stop codons
® Show rare codons

To specify where the codons should appear in the display, choose
Above, Center Or Below from the Location drop-down menu. They will
only be displayed where separate plots have been selected and where
frame-specific data has been generated.

9. To restrict the search to a certain region of the sequence, type in the
sequence numbers that bracket the region in the Region panel.

Alternatively, choose a region from the features table drop-down menu

at the right of the text boxes.

10. Select options if you want to alter the plot colors, codon symbols, or
the definition of rare codons. See ““To set the nucleic acid analysis
toolbox plot options™ on page 164.

11. Select OK to generate the plot.

Alternatively, select the Defaults button to restore the default settings, or
select cancel to close the dialog box without performing any analyses.

Plot colors, codon symbols, and the definition of rare codons are speci-
fied using a separate dialog box, Nucleic Acid Toolbox Plotting Options.
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To set the nucleic acid analysis toolbox plot options
1. Inthe Nucleic Acid Toolbox dialog box, select the Options button.
The Nucleic Acid Toolbox Plotting Options dialog box is displayed.

Nucleic Acid Toolbox Plotting Options

Plot Colors Codon Appearance
Single hd Start |}
Frame +1 /-1 ’_ > Stop | | ]

Frame +2 [ -2 D = Rare | |
Frame +3 / -3 ’_ bt

HHD

Define rare codons as less than or egual to

() 0.1 %of all codons
5.0 | % of synonymous codons

f:DefauItsﬁ (Cancel) ( QK )

2. Inthe Plot Colors panel, set colors as required. You can do this either
by selecting an arrow button and choosing from the drop-down color
palette, or by clicking on the color swatch and using the system
Color Picker.

= Single sets the color for all separate plots

= Frame +1/-1 Sets the color for the first frame in a combined plot,
Frame +2 /-2 the second, and Frame +3 /-3 the third.

3. Inthe Codon Appearance panel, set the symbols and colors for Start,
Stop and Rare codons, using the appropriate drop-down menus and
arrow buttons.

4. In the Define rare codons as less than or equal to panel, select a radio
button to choose the way rare codons will be defined:

® 9% of all codons
* 9% of synonymous codons - i.e. all codons that generate the same
amino acid as that codon.

Then type the required threshold value in the selected text box. (The

default setting is 5.0% of synonymous codons. If % of all codons is

selected, the default value is 0.1%.)

5. Select oK to apply the settings.

Alternatively, select the Defaults button to restore the default settings, or
cancel to close the dialog box without saving the settings.
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Viewing Nucleic Acid Analysis Toolbox results
The results window is a scrollable window containing the plots from the
selected analyses in aligned panels. In combined-plots mode, the results
of each analysis are displayed in a single panel. In separate-plots mode,
results for each reading frame is displayed on a separate graph, so there
will be either three or six panels, depending on whether you specified
one or both strands.

Staden Codon Preference: ‘Window = 40 codons
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The open reading frames plot always combines the three frames in a sin-
gle color-coded panel, showing markers for starts, stops and rare
codons, and bars representing open reading frames that exceed the min-
imum length. When you select separate-plots mode, the starts, stops and
rare codons are also displayed in the frame results panels of your other

analyses.
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Prominent peaks in the graph indicate regions that exhibit a codon pref-
erence. Such regions are very likely to code for highly expressed pro-
teins. For more details, see “Interpreting coding preference plots” on
page 448.

To inspect potential coding regions, you will usually need to select a
region of the plot and display it at greater magnification. When you
select a region, all the results plots are re-scaled, keeping them aligned.

To navigate in the Nucleic Acid Analysis Toolbox results window
= To magnify a selected region, click and drag in the window
= To return to the whole plot, double-click anywhere in the win-
dow

« Tozoom in, press the Up-arrow key (or &8 and + keys) to zoom by
a factor of 2, or press Shift+Up-arrow to zoom to individual resi-
dues

« To zoom out, press the Down-arrow key (or & and - keys) to
zoom by a factor of 2, or press shift+Down-arrow to zoom all the
way out

= To shift to the right, press the Right-arrow key to shift 10% to the
right, or press Shift+Right-arrow to shift 80% to the right

= To shift to the left, press the Left-arrow key to shift 10% to the
left, or press Shift+Left-arrow to shift 80% to the left.

Tip. You can check for keyboard shortcuts at any time during a session. Choose
Help | MacVector Keyboard Shortcuts to display a listing of all MacVector short-

cuts.

Selecting ORFs from Nucleic Acid Analysis Toolbox plots

If you click any open reading frame in the coding preference plot results
window, the corresponding residues are selected in the sequence editor
window.

Tip. Click on an ORF, go to the sequence editor window, choose Analyze | Trans-
lation, and you can quickly create a protein sequence from the selected region.

If you want more control in the selection of the ORF, click on any line
of stop and start codons, instead of on the ORF bar. If there are several
possible start codons, you do not have to choose the longest ORF - click
just to the right of whichever start codon you want to use. The selected
ORF is outlined, and its residues highlighted in the sequence editor win-
dow.
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The following figure shows two possible selections for an ORF:
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Note.lf you choose separate-plots mode, you can select ORFs from any graph
where codons are displayed.
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Overview

This chapter provides guidelines on working with the sequence analysis
methods in MacVector, including:

= automatic and manual restriction site searching
= proteolytic site searching

= nucleic acid motif searching

= protein motif searching.

Refer to “Searching nucleic acids for coding regions™ on page 155, for
information about searching nucleic acid sequences for coding regions.

Refer to Chapter 12, ““Aligning Sequences™, for a description of
sequence comparison methods used by MacVector.
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Restriction enzyme sites
You can use restriction enzyme files to:
= |ocate restriction enzyme cut sites in a nucleic acid sequence

= predict the fragments that would result from single or multiple
digests using up to six enzymes.

To use this functionality, a nucleic acid sequence window must be the
active window, and a restriction enzyme file must be available

Searching for restriction enzyme sites

Two types of restriction enzyme site searching are available: automatic
and manual.

With both types of search you can, if required, select a subset of the
available enzymes from the file you are using. Before you perform the
analysis, open the restriction enzyme file and click in front of the name
of any enzyme you want to select. A check mark appears to mark your
choice. If you save the restriction enzyme file, the selections are saved
with the file. See ““Selecting enzymes for site analysis™ on page 59.

Automatic searching

Sequences in the active Sequence window can now be scanned automat-
ically for restriction enzymes, with the cut sites found displayed in the
Sequence Map view. The settings for this feature are specified in Map
View preferences dialog box.

an Map View

Ll G AZ R

General Aligned Display Colors Fonts Internet License

W

Map View Scftware Update Text Display

’zl Enable Bitmap Copy @Aulumali( RE Analysis

Map graphics are copied using a PDF
farmat. 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 |%

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

Maximum of |16 | MB

E Enable Label Hiding

Hide labels when the
number of features 200
exceeeds

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

( Set Enzyme File...

C E (o]
'omman Enzymes pen

() Use all enzymes
@ Only use selected enzymes

Do not scan if
sequence is over 50 KB

Maximum number
of eut sites

( Defaults ) evert Apply
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To set up automatic restriction enzyme site searching

1. Select MacVector | Preferences from the main menu, then click the
Map View icon on the preferences dialog, or click the Prefs icon on
the Sequence window toolbar when a Map view is selected.

The Map View preferences dialog box is displayed.

Note. You can also access the Map View preferences dialog using Options | Map
View Options from the menu.

2. Ensure that the Automatic RE Analysis box is checked.

By default, MacVector automatically analyzes nucleic acid sequences
for restriction enzyme sites using the specified enzyme file and displays
the cut sites in the Sequence Map view. To switch off this feature,
uncheck the Automatic RE Analysis box.

3. Click the set Enzyme File button to choose an alternative restriction
enzyme file for the automatic analysis.

By default, the file /MacVector 12.6/Restriction Enzymes/

Common Enzymes is used.

4. Optionally, click the open button to open the selected enzyme file in
the background.

This shortcut enables you to access the enzyme file and modify the
enzymes selected within it more quickly.

5. Select one of the following options

= Choose Use all enzymes to perform the automatic search using all
of the enzymes in the specified enzyme file.

= Choose Only use selected enzymes to perform the automatic search
using only those enzymes that are selected in the specified enzyme
file.

6. Use the Do not scan if sequence is over setting to turn off automatic
searching for larger sequences.

The restriction enzyme search is relatively fast but the graphical display
of the results can take a long time for very large sequences. The default
value is 50kb.

7. Use the Maximum number of cut sites Setting to screen out restriction
enzymes that cut your sequence too frequently.

This option can reduce search times and screen clutter. The default is six
sites, but you might want to reduce this if you routinely use relatively
large sequences.
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8. Click oK to save your settings and close the Map Vview dialog box or
Cancel to close the dialog box without saving your changes.

When automatic restriction enzyme analysis is switched on and the
active Sequence window contains a nucleic acid sequence, then the
sequence is searched for restriction enzyme cut sites automatically and
any that are located are displayed in the sequence Map view.

Restriction enzyme recognition sites that appear only once in a sequence
are displayed in red in the Map view, whereas sites that are present more
than once are shown in blue. Double-clicking on a restriction site selects
all the sites of the same type, for example EcoRI, BamHl, etc., making it
easy to see where sites of a particuar type lie on the sequence.

In addition, if the Only use selected enzymes option was specified, all
open sequence Map views are updated dynamically when changes are
made to the enzyme selection in the specified enzyme file. This makes it
easy to identify compatible restriction sites between two sequences (e.g.
a gene and a vector), for click cloning (see “Click Cloning” on

page 188).

Manual searching

File
Invitrogen Corporation.renz ﬂ

Open ) ( Choose...

Options

Search using: [ All Enzymes =)

Min  Max
_] With number of cuts 1 1

"] Search for one-out sites

Region

1 to (4361 .

(cancel )

To search for restriction enzyme sites manually
1. Make the required nucleic acid Sequence window active.

2. Specify whether to analyze the sequence as a circular or linear mole-
cule by clicking the Topology icon in the Sequence window toolbar
until it is set correctly for your sequence.

3. Choose Analyze | Restriction Enzyme from the main menu or click the
RE Search icon on the Analysis toolbar.
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The Restriction Enzyme Analysis dialog box is displayed.

4. Click the choose... button to choose an alternative restriction enzyme
file to the one already selected (Common Enzymes.renz, by default)
for use in the analysis.

A file selection dialog box is displayed, enabling you to choose the file.
5. Choose the required file from the scrolling list and select Choose.
6. Alternatively, click open to display the contents of the currently
selected restriction enzyme file.
7. Select your search criteria by choosing from the Search Using drop-
down menu as follows:
= choose all enzymes to use all the enzymes in the selected enzyme
file
= choose selected enzymes to use only the enzymes that you have
selected within the enzyme file
= choose other criteria to display further options

Note. When the other criteria search is performed, all enzymes in the file are
used, not only the selected ones.

File
Invitrogen Corporation.renz =

(_open ) ((Choose...)
pen 4 00SE...

Opticns

Search using: | Other Criteria 2

Min  Max
] With site size 4 12

End structure: | Any :

Min  Max
"I With number of cuts 1 1

8. If you have chosen other criteria, do one or more of the following:

= to restrict the search to enzymes whose recognition sites are a cer-
tain size, type the size limits into the site size text boxes. MacVec-
tor accepts values from 1 to 100. Leave both boxes empty if you
do not want to restrict the search by site size.

= to limit the search to enzymes that leave 5' ends, 3' ends, or blunt
ends when they cut the sequence, select the appropriate option
from the end structure drop-down menu.

9. You can restrict the search to enzymes that cut the sequence a lim-
ited number of times by checking the with number of cuts box and
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typing the desired Min and Max cut values in the associated boxes.
MacVector accepts values from 1 to 20.

10. You can include one-out enzyme sites in the search by checking the
Search for one-out sites boX.

Note. These one-out sites are displayed in paler shades in graphical results views
and with an asterisk next to them in text results views, to distinguish them from
standard restriction enzyme sites.

11. You can restrict the search to a certain region of the sequence by typ-
ing in the base numbers that bracket the region in the Region panel,
or by selecting a region from the feature selector drop-down menu to
the right of the text boxes.

12. Select ok to perform the analysis.
When the analysis is completed, the Restriction Enzyme Analysis Display
dialog box is displayed. The use of this dialog box is described in the
following section.
Filtering manual restriction site search results
Manual restriction site search results can be filtered as follows:
= by the number of cuts an enzyme makes
= by restriction site size
= by the end structure of cut fragments
= by the residue range in which the cut site occurs.

Filter Options Display Options
Min Max Iﬂ List cutters by
(| By number of cuts 1 1 | Name & ]
[ By site size 4 12 .
| !'List non-cutters
By encl structure: - psiy sy ] Show restriction map
1 With no cuts in 1 to 4361 - # Show annotated sequence
= ™ show fragment predictions
| With cuts only in i to 4361 -
” Single & ]
Phase: | Any 3
1157 matches found from 1 to 4361 in pBR322. (" cancel \_ oK
A Ny

To filter restriction site search results
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1. The Restriction Enzyme Analysis Display dialog box is displayed on
completion of each analysis. To display this dialog box at other
times, for example, to change the display parameters, choose Analyze
| Restriction Enzyme When any restriction analysis display result win-
dow is active.

2. To restrict the displays to enzymes that cut the sequence a limited
number of times, select the By number of cuts checkbox and type the
desired min and Max cut values in the associated boxes. MacVector
accepts values from 1 to 20.

3. To restrict the search to enzymes whose recognition sites are a cer-
tain size, select the By site size checkbox and type the size limits into
the Min and Max boxes. MacVector accepts values from 1 to 100.

4. To restrict the displays to enzymes that leave 5' ends, 3' ends, or
blunt ends when they cut the sequence, select the appropriate option
from the By end structure drop-down menu.

If you restricted the search stage to one end type, this drop-down menu
will be disabled.

5. To restrict the displays to enzymes that do not cut within a given
region, select the with no cuts in checkbox, then either type in the
numbers of the bases that bracket the region, or choose a region from
the features table drop-down menu at the right of the text boxes.

6. To restrict the displays to enzymes that cut only within a given
region, select the with cuts only in checkbox, then either type in the
numbers of the bases that bracket the region, or choose a region from
the features table drop-down menu at the right of the text boxes.

7. To restrict the displays to enzymes that cut only within a given read-
ing frame, select the with cuts only in checkbox, then choose a frame
number from the Phase drop-down menu.

Tip. If you want to specify a reading frame but not limit the displays to a region,
select ALL 1- ... from the features table drop-down menu.

8. Select the Display Options as required.
These options are described in the next section.
9. Select oK to display the results.

Displaying manual restriction site search results

You can display manual restriction site search results in a number of
ways:
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= as a list of enzymes that cut the sequence

= asa list of enzymes that did not cut the sequence

= asarestriction map

= as an annotated sequence

= asa list of the predicted fragments for each digest
One or more of the displays can be generated at once.

Each display type can be saved to disk or printed when its window is
active. Refer to “Saving graphics™ on page 38, for further details.

Display Options

@Li st cutters by

Name > ]

| List non-cutters
@ Show restriction map
@ Show annotated sequence

™ show fragment predictions

Single H

To display restriction site search results

1. The Restriction Enzyme Analysis Display dialog box is displayed on
completion of each analysis. To display this dialog box at other
times, for example, to change the display parameters, choose Analyze
| Restriction Enzyme When any restriction analysis display result win-
dow is active.

2. Select the filter options as required. These are described in the previ-
ous section.

3. Select the List cutters by check box to display a list of the enzymes
that cut the sequence and the locations of the cuts.

Use the drop-down menu to choose how to order the list: by name, by

position of cuts, or by number of cuts.

4. Select the List non-cutters check box to display a list of the enzymes
that were considered in the search but were found not to cut the
sequence.

5. Select the Show restriction map check box to display the locations of
the cut sites in a graphical form.The appearance of this display can
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be changed interactively using the Graphics Palette. Refer to “Edit-
ing the general map appearance” on page 109, for further details.

Tip. Right-click on a restriction enzyme site in the restriction map and select Cre-
ate misc_feature Feature from the context menu to add that feature to the original
segeunce in a Genbank compatible format.

6. Select the Show annotated sequence check box to display a Text view
with the cut sites displayed at their proper locations along the
sequence. The appearance of this view can be changed interactively
using the Text Display preferences dialog box. Refer to ““Formatting
the Text view” on page 124, for further details.

7. Select the show fragment predictions check box to display fragment

predictions for the digests. The enzymes used are those that have sat-
isfied the Filter Options.

Use the drop-down menu to choose from the following:
= Single for single digests
= Double for double digests
= Single & Double for single and double digests

= All combined for digests using up to six selected enzymes.
8. Select oK to display the results.

Proteolytic enzyme sites
You can use proteolytic enzyme files to:
= J|ocate cleavage sites for proteolytic agents in a protein sequence

= predict the fragments that would result from single or multiple
digests using up to six proteolytic agents.

To use this functionality, a protein sequence window must be the active
window, and a proteolytic enzyme file must be available.

Although we use the term proteolytic enzyme throughout this section of
the manual, the analysis can locate cleavage sites for any proteolytic
agents—whether enzymes or chemical agents—that cleave a protein in
a sequence-specific manner.

Searching for proteolytic enzyme sites

If required, you can select a subset of the available enzymes from the
file you are using. Before you perform the analysis, open the proteolytic
enzyme file and click in front of the name of any enzyme you wish to
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select. A check mark appears to mark your choice. Save the proteolytic
enzyme file to save the selections. See ““Selecting enzymes for site anal-
ysis” on page 59, for further details.

Proteolytic Enzyme Analysis

Options...

{ Enzyme File: ) proteolytic enzyme

Search using: | all enzymes 4]

Region...

L to (443 E}j ( cancel ) E 0K

To search for proteolytic enzyme sites

1. Make the required amino acid sequence window active.
2. Choose Analyze | Proteolytic Enzyme.

The Proteolytic Enzyme Analysis dialog box is displayed.

3. Select Enzyme File to choose the restriction enzyme file that will be
used for the analysis.

A file selection dialog box is displayed, enabling you to choose the file.
4. Choose the required file from the scrolling list and select Choose.

5. You can restrict the search to a certain region of the sequence by typ-
ing in the sequence numbers that bracket the region in the Region
panel, or by selecting a region from the feature selector drop-down
menu to the right of the text boxes.

6. Select your search criteria by choosing from the Search Using drop-
down menu as follows:

= choose all enzymes to use all the enzymes in the selected enzyme
file
= choose selected enzymes to use only the enzymes that you have
selected within the enzyme file.
7. Select oK to perform the analysis.
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When the analysis is completed, the Proteolytic Enzyme Analysis Display
dialog box is displayed. The use of this dialog box is described in the
following section.
Filtering proteolytic site search results
The proteolytic site search results can be filtered as follows:
= by the number of cuts an enzyme makes
= by cut site size
= by the residue range in which the cut site occurs.

Proteolytic Enzyme Analysis Display

515 matches found in A29141 from 1 to 443 ...

Filter Options... Display Options...

™ # of cuts <= M List cutters by...

name g

= 1 [ List non-cutters

|_| site size... min:
@ Proteolytic map...
':' Annotated sequence

[ no cuts to E}j ™ Frag predictions...
M =] ( single | 3]
[ cuts only to =) Tl ai—
( Cancel )
L Y

To filter proteolytic site search results

1. The Proteolytic Enzyme Analysis Display dialog box is displayed on
completion of each analysis. To display this dialog box at other
times, for example, to change the display parameters, choose Analyze
| Proteolytic Enzyme When any proteolytic analysis display result win-
dow is active.

2. To restrict the displays to enzymes that cut the sequence a limited
number of times, select the # of cuts checkbox and type a number
from 1 to 20 to set the upper limit for number of cuts.

3. To restrict the search to enzymes whose recognition sites are a cer-
tain size, select the site size checkbox and type the size limits into the
min and max text boxes. MacVector accepts values from 1 to 100.

4. To restrict the displays to enzymes that do not cut within a given
region, select the no cuts checkbox, then either type in the numbers
of the bases that bracket the region, or choose a region from the fea-
tures table drop-down menu at the right of the text boxes.
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5. To restrict the displays to enzymes that cut only within a given
region, select the cuts only checkbox, then either type in the numbers
of the bases that bracket the region, or choose a region from the fea-
tures table drop-down menu at the right of the text boxes.

6. Select the Display Options as required.
These options are described in the next section.
7. Select oK to display the results.

Displaying proteolytic site search results
You can display the proteolytic enzyme site search results in a number
of ways:
= asa list of enzymes that cut the sequence
= as a list of enzymes that did not cut the sequence
= as a proteolytic map
= as an annotated sequence
= asa list of the predicted fragments for each digest.
One or more of the displays can be generated at once.

Each display type can be saved to disk or printed when its window is
active. Refer to Chapter 3, “General Procedures”, for further details.
Display Options...
@List cutters by...
"name F

[ List non-cutters

EProteoiylic map...

"1 Annotated sequence

™ Frag predictions...

To display proteolytic site search results

1. The Proteolytic Enzyme Analysis Display dialog box is displayed on
completion of each analysis. To display this dialog box at other
times, for example, to change the display parameters, choose Analyze
| Proteolytic Enzyme When any restriction analysis display result win-
dow is active.
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2. Select the List cutters by check box to display a list of the enzymes
that cut the sequence and the locations of the cuts.

Use the drop-down menu to choose how to order the list: by name, by
position of cuts, or by number of cuts.

3. Select the List non-cutters check box to display a list of the enzymes
that were considered in the search but were found not to cut the
sequence.

4. Select the Proteolytic map check box to display the locations of the
cut sites in a graphical form.The appearance of this display can be
changed interactively using the Graphics Palette. Refer to ““Editing
the general map appearance” on page 109, for further details.

Tip. Right-click on a proteolytic enzyme site in the proteolytic map and select
either Create Cleavage Feature Or Create SITE Feature from the context menu to
add that feature to the original seqeunce in a Genbank compatible format.

5. Select the Annotated sequence check box to display a Text view with
the cut sites displayed at their proper locations along the sequence.
The appearance of this view can be changed interactively using the
Text Display preferences dialog box. Refer to “Formatting the Text
view’” on page 124, for further details.

6. Select the Frag predictions check box to display fragment predictions
for the digests. The enzymes used are those that have satisfied the Fil-
ter Options.

Use the drop-down menu to choose from the following:

= single for single digests

= double for double digests

= both for single and double digests

= all combined for digests using up to six selected enzymes.
7. Select oK to display the results.

Subsequence analysis

You can scan a nucleic acid or protein sequence for known consensus
sequences, primers and motifs that are defined in a subsequence file. A
subsequence may consist of one, two or three parts, with the permitted
gap between each part defined, as well as the allowed mismatch for each
part in a search. Refer to “Subsequence files”” on page 63, for further
information.
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To use this functionality, a Sequence window must be the active win-
dow, and a subsequence file must be available.

Searching for subsequences

If required, you can select a subset of subsequences from the list of all
subsequences in the file. Before the subsequence search, open the subse-
quence file and click in front of the name of any subsequence you want
to select. A check mark appears to mark your choice. Save the subse-
quence file to save the selections. See ““Selecting subsequences for
searches” on page 64, for further details.

Nucleic Acid Subsequence Analysis

Options...

(" Subsequence File: ) Enhancer cons seq 1

Search using: all subsequences L :-]

Region._.

i to 4361 E}j ( Cancel ) E—NB*—;

To search for subsequences
1. Make the required Sequence window active.

2. If you are analyzing a nucleic acid sequence, specify whether to ana-
lyze the sequence as a circular or linear molecule by clicking the
Topology icon in the Sequence window toolbar until it is set correctly
for your sequence.

3. Do one of the following:

= choose Analyze | Nucleic Acid Subsequence for a nucleic acid
sequence

= choose Analyze | Protein Subsequence for a protein sequence.
The appropriate Analysis dialog box is displayed.

4. Select the subsequence File button to choose the subsequence file
that will be used for the analysis.

A file selection dialog box is displayed, enabling you to choose the file.
5. Choose the required file from the scrolling list and select Choose.
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6. You can restrict the search to a certain region of the sequence by typ-
ing in the base numbers that bracket the region in the Region panel,
or by selecting a region from the feature selector drop-down menu at
the right of the text boxes.

7. Select your search criteria by choosing from the Search Using drop-
down menu as follows:

= choose all subsequences to use all the subsequences in the selected
subsequence file

= choose selected subsequences t0 use only the subsequences that
you have selected in the subsequence file.

8. Select oK to perform the analysis.

When the analysis is completed, the appropriate Display dialog box is
displayed. The use of this dialog box is described in the following sec-
tion.

Filtering subsequence search results
The subsequence search results can be filtered as follows:
= by the frequency of the motif occurrence
= by the residue range in which the motif occurs.

Nucleic Acid Subsequence Analysis Display

57 matches found in pBR322 from 356 to 1579 ...
Filter Options... Display Options...

E# of sites <= EList sites by...
_name } i]
" List sites not found
@5ubsequence map...

] Annotated sequence

"1 no sites to [‘Ej || Frag predictions...
A single 3
™ sites only | 1 tw 4361 E}j
phase: (any [7] e o

To filter subsequence search results

1. The Display dialog box is displayed on completion of each analysis.
To display this dialog box at other times, for example, to change the
display parameters, do one of the following:
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= choose Analyze | Nucleic Acid Subsequence When any nucleic acid
subsequence display result window is active

= choose Analyze | Protein Subsequence When any protein subse-
quence display result window is active.

. To restrict the displays to subsequences that occur a limited number

of times, select the # of sites checkbox and type a number to set the
maximum number of occurrences.

. To restrict the displays to subsequences that do not occur within a

given region, select the no sites checkbox, then either type in the
numbers of the bases that bracket the region, or choose a region from
the features table drop-down menu at the right of the text boxes.

. To restrict the displays to subsequences that occur only within a

given region, select the sites only checkbox, then either type in the
numbers of the bases that bracket the region, or choose a region from
the features table drop-down menu at the right of the text boxes.

For nucleic acids, to restrict displays to subsequences that cut only
within a given reading frame, select the sites only checkbox, then
choose the frame from the phase drop-down menu.

Tip. If you want to specify a reading frame but not limit the displays to a region,
select ALL 1- ... from the features table drop-down menu.

6. Select the Display Options as required.
These options are described in the next section.
7. Select oK to display the results.

Displaying subsequence search results

You can display the nucleic acid subsequence search results in a number
of ways:

= as a list of the subsequences found

= as a list of the subsequences not found
= as a subsequence map

= as an annotated sequence

= as a list of the sequence sizes found between subsequence occur-
rences.
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One or more of the displays can be generated at the same time. Each dis-
play type can be saved to disk or printed when its window is active.
Refer to Chapter 3, “General Procedures”, for further details.
Display Options...
Ei List sites by...
" name | :_l

[~ List sites not found
ESubsequence map...
"] Annotated sequence

[_] Frag predictions...

Ak

single

To display subsequence search results

1. The Display dialog box is displayed on completion of each analysis.
To display this dialog box at other times, for example, to change the
display parameters, do one of the following:

= choose Analyze | Nucleic Acid Subsequence when any nucleic acid
subsequence display result window is active

= choose Analyze | Protein Subsequence When any protein subse-
quence display result window is active.

2. Select the List sites by check box to display a list of the subsequences
found and the locations of the sites.

Use the drop-down menu to choose how to order the list: by name, by
position of sites, or by number of sites.

3. Select the List sites not found check box to display a list of the subse-
guences that were considered in the search but were not found in the
sequence.

4. Select the subsequence map check box to display the locations of the
cut sites in a graphical form.The appearance of this display can be
changed interactively using the Graphics Palette. Refer to “Editing
the general map appearance” on page 109, for further details.

Tip. Right-click on a cut site in the subsequence map and select either Create
misc_binding Feature (for nucleaic acid subsequences) or Create BINDING Feature/
Create MOTIF Feature (for protein subsequences) from the context menu to add
that feature to the original seqeunce in a Genbank compatible format.
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5. Select the Annotated sequence check box to display a Text view with
the sites displayed at their proper locations along the sequence. The
appearance of this view can be changed interactively using the Text
Display preferences dialog box. Refer to “Formatting the Text view”
on page 124, for further details.

6. Select the Frag predictions check box to display sequence sizes
between specified motifs. The motifs used are those that have satis-
fied the Filter Options.

Use the drop-down menu to choose from the following:
= single for sizes between a single motif
= double for sizes between each pair of motifs
= both for sizes of both the single and double options
= all combined for sizes using up to six selected motifs
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Click Cloning

Overview

This chapter describes the click cloning functionality available in
MacVector and how it can be used to design and document cloning
strategies that might be performed in a practical laboratory, including:

= Point and click digestion and ligation of target sequences into vec-

tors

= Blunting using Klenow, and other modification of digested frag-

ments

= Simulation of the TOPO and Gateway cloning technologies from

Invitrogen

Refer to Chapter 8, ““Searching for Sites and Motifs” for information
about how to find restriction sites and generate restriction maps of your

sequences.
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Click Cloning

Click Cloning

The click cloning feature in MacVector allows you to replicate or design
cloning experiments that you might perform in the laboratory. It pro-
vides a way of constructing new DNA molecules from existing clones
and vectors by selecting restriction enzyme sites, digesting the interven-
ing fragment and then ligating it into a target molecule.

Click cloning is usually performed in conjunction with either automatic
or manual restriction enzyme searches (see “Searching for restriction
enzyme sites” on page 170) which identify the locations of common
restriction enzyme cut sites in nucleic acid sequences.

The click-cloning tool recognizes sticky or blunt ends and only allows
automatic cloning of fragments if these are compatible, preserving sites
and feature information, where needed. It also provides tools to manu-
ally flip the fragment and manipulate any incompatible sticky ends prior
to cloning, should this be necessary.

You can access the click-cloning functionality using either the Digest
and Ligate tools on the Sequence Map view toolbar (see “Map view’” on
page 92) or the Edit | Digest and Edit | Ligate options from the menu.

To perform basic click cloning with an automatic restriction
enzyme search

1. Open the sequence files containing the gene or fragment you want to
clone and the vector sequence you want to clone into.

2. Ensure that Automatic RE Analysis is checked on and the appropriate
enzymes are selected in the specified enzyme file. See ““To set up
automatic restriction enzyme site searching” on page 171

The sequence is searched for restriction enzyme cut sites automatically

and any that are located are displayed in the sequence Map view.

3. Check that there are suitable restriction sites surrounding the gene or
fragment you want to clone.

EcoRi (13316)

Sacl {12961)

Notl (12878}
3CEB6.12

Stul (17455)
SCEEBE.18

EcoRl (16083)
T

Netl (15093)

12000 12400 12600 13200 136007 14000 14400 148007 15200 15600 1BOOO 16400 16800 17200 17600 18000 1

| SCEBE.13¢c

Restriction enzyme recognition sites that appear only once in a sequence
are displayed in red in the Map view, whereas sites that are present more
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than once are shown in blue. Double-clicking on a restriction site selects
all the sites of the same type, for example EcoRI, BamHl, etc., making it
easy to see where sites of a particuar type lie on the sequence. More-
over, when the sequence is viewed at the residue level, the cut sites are
shown. Select a restriction fragment to highlight the structure of any
staggered ends present.

If the enzyme file being used for the automatic restriction enzyme
search is open, then you can also select different enzymes in the file to
see if they are present in both sequences.

4. Select suitable flanking sites around the gene or fragment, by click-
ing on one, then holding down <shift> and selecting the other.

5. Click the Digest icon on the Map view toolbar or choose Edit | Digest
from the menu.

The selected gene or fragment, together with sticky end information and
any overlapping annotations or feature information, is copied to the
cloning clipboard. A dialog is displayed confirming that the fragment
has been digested and which enzymes were used.

The Hindlll - EcoRV fragment has been digested
and placed on the cloning clipboard.

Please navigate to your cloning vector sequence MAP window,

»  select compatible enzyme sites and click LIGATE. You will be
given the option to modify your vector or fragment ends if no
suitable sites exist.

(W%

oK )

—

Note. You can also use the Edit | Copy menu item or <cmd+c> on the keyboard to
copy the selected fragment to the cloning clipboard.

6. Make the vector sequence window active and select the enzyme site
you want to paste the gene or fragment into.
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Sites in the vector sequence are highlighted in pale red and pale green,
to indicate which end of the digested fragment they are compatible with.

ann pBR322 — Map (=]
Zote i Ul 10 SO =
DMA - Save Unlocked TextWiew Prefs Replica Topology  Dhgest Laste Creats

[~ Fmr | Map [~ Feamires | enarations |

0] 100% 2]
7. Click the Ligate icon on the Map view toolbar or choose Edit | Ligate
from the menu.

8. If prompted, click the unlock... button to confirm that you want to
make changes to the selected vector sequence.

The ligation pop-up window is displayed. It shows the structures of the
gene or fragment and vector ends, with color-coded outlines to indicate
whether they are compatible.

If the colors of the outlines around pairs of gene or fragment and vector
ends match, then they are compatible and the Ligate button is enabled.

Tip. You can configure the colors used to identify compatible vector ends using
MacVector | Preferences | Colors (see “To change the default colors used in the
Editor view” on page 85 for more details.

9. Optionally, click the Flip button to reverse and complement the gene
or fragment prior to ligation.

Note. MacVector detects when the gene or fragment must be flipped in order to
make the sticky ends compatible and performs the operation automatically as part
of the ligation step. In these circumstances the Ligate button is renamed Flip &
Ligate.

10. Click the Ligate or Flip & Ligate button.
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The gene or fragment on the cloning clipboard is inserted into the
selected enzyme site on the vector sequence.

Note. You can also use the Edit | Paste menu item or <cmd-+v> on the keyboard to
paste the fragment on the cloning clipboard into the current sequence at the
selected site. As long as the fragment and vector ends are compatible, the frag-
ment will be cloned into the vector sequence at the specified site automatically. It
will also be flipped, if required. If the ends are not compatible, then the ligation
pop-up window will be displayed, allowing you to manipulate the incompatible
sticky ends prior to ligation (see below).

Tip. Instead of using the Automatic RE Analysis tool for click cloning, you may
wish to use Filtering restriction site results (see ““To filter restriction site search
results on page 174). This, more powerful search tool, allows you to chose only
enzymes that cut in a particular site (i.e. the MCS) or only enzymes that do not
cut in the gene you want to clone.

------ e (AN Cont Back ) Keep Fill ) Cut Back

GAGCAT
CTCGTACTAG

AGCTTGCCAG
ACGETC j

& xeep Fill Con Barck & Keep Fill ) Cot Back

Ligate Anyway " Cancel

Manipulating Sticky Ends

Sometimes during a cloning procedure it is necessary to modify the ends
of a fragment by either filling in or cutting back the sticky ends pro-
duced by a restriction digest.

Some restriction enzymes (e.g. ECORV) will leave no overhangs and
most PCR products have blunt ends (see “Gateway and TOPO Clon-
ing” on page 193). Therefore you may be left with one or more blunt
ends on one or both of your fragments. If you have blunt ends on both
fragments, then these can be ligated together. However, if you intend to
ligate a blunt end to a sticky end, then you must modify the sticky end
so that it is compatible with the blunt end. Additionally, it can be impos-
sible to obtain a compatible site for some cloning strategies. In these cir-
cumstances, an option is to digest with whatever enzyme is suitable and
then to blunt both ends to make them compatible.
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Note. If both ends of a fragment are blunt, then it is impossible to determine the
orientation of the fragment after ligation into the vector. In such situations
MacVector will show only one of the two possible constructs.
The most commonly used techniques for these types of modifications
are to use either DNA polymerase | large fragment (Klenow fragment)
or T4 DNA polymerase to fill in a overhanging 5' end. In addition, T4
DNA polymerase may be used to digest away an overhanging 3' end.
Both of these enzymes have 5'-3' polymerase and 3'-5' exonuclease
activities, though the exonuclease activity of Klenow is much weaker
and so T4 DNA polymerase is preferred. Neither of the enzymes has a
5'-3' exonuclease activity.
The ligation pop-up window provides the tools to perform these manip-
ulations before joining the fragment and vector ends together.

To manipulate sticky ends prior to ligation

1. Select the Fill option associated with a particular end to fill in the
unwanted 5’ overhang on that end.

2. Select the cut Back option associated with a particular end to cut
back the unwanted 3’ or 5’ overhang on that end.

Tip. Any portions of the sequence which have been filled in or cut back are now
shown in lowercase.

) Keep L) Fill Cont Back Keep ) Fill ) Cut Back
[AATTCAGT TA s GAGLA T G LE
GTCAAT CTCGTACTAG)
Target Sequence Ends

CCAGTG agc fTGLCAG
(Gmm m‘ssrrj

& xeep Fill Con Back Keen Fll ) Cot Back

Ligate Anyway “Cancel ) igate )

Maintaining a cloning history

Whenever you paste a fragment into a target molecule a special “frag”
feature is created in the target with a note describing the source of the
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fragment of DNA. You can use this to keep track of the history of your
constructs.
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Gateway and TOPO Cloning

Invitrogen market a number of kits and cloning vectors designed to sim-
plify the cloning and subcloning of DNA fragments, such as those gen-
erated by PCR amplification. Among the most popular are the Gateway
and TOPO kits. For detailed information on the concepts, availability
and pricing of these kits, please visit the Invitrogen web site at
www.invitrogen.com.

MacVector now allows you to simulate these popular cloning technolo-
gies, so that you can accurately document the sequences of the con-
structed molecules.
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Note. In order to perform the Gateway and TOPO procedures described here you
must use the Common Enzymes restriction enzyme file and the default selection

must include the TOPO and Gateway sites shown below.

anm Common Enzymes =1

: & 1 =
iy | %
b 4 =7 /@ %

NA Enzymes Locked Add Edit Delete Deselect

Ascl| GGTCGOG,C0 Iso=s: M.Ascl, PalAl, Sgsl. Orgonism: Arthrobocter species i
Asel ATTTA, AT Isos: Vspl, M.Asel, Asnl, BpoAl, CprJK?2Z1, M.HpuAY1l, PbuMZl, Psh
AsiS] GOG, AT TCG0 |sos: Sgfl, M.AsiS|, Raal, SfaAl. Orgonism: Arthrobocter species S
¥ attl1 CTTTTTTTGTACAAA,GTTG
¥ attl2? CTTTTCTTGTACAAA GTTG ‘
¥ attRl CTTT TTTGTACARA,CTTG
V attRz CTTT CTTGTACAAA,GTGG
Styl CTCHMG, G |sos: BsmSl, BssT11, Bst2241, CfrEl, M.CfrBl, Ecol3@l, Eco283(1, E
¥ SUMO-TA GTGGETJAGACA Matches |nwitrogen TA cloning site for SUMO wectors
Tagl T CG.A lsos: M.CwiBI 11, M.Cwviglll, CwiSIll, M.CwiSlIl, ESaBC3, M.EsaBC3I
Tfil GTAWT,C Isos: Pfel, M.Tfil. Organismi: Thermus filiformis
TLil CTTCGA,G Isos: Xhol, Abrl, M.Abrl, Aerfl, AhyAl, ALWFIL, Asp1Sl, Aspd?l, As
+ Topolverhng WCCTTTCACC, ARGGR TOFD owerhong site from Inwvitrogen vectors. HE: you need to cut ba
TopaTA WCCT, T™ Topoisomerase | — used in TOPO cloning. Leaves @ single T owerhang
o TopoTA/BLHT WCCTT . ARGGR Matches Inwitrogen TR vector sequences at the linearization point
Teal GYOLG T lens® Aral  Anckl M Anckl M RheSl M CdiRRAIN TanS? ) H Teal T
Vector Sequences

There are a wide variety of vectors available both from Invitrogen and
other sources that can be used in TOPO and Gateway cloning. The
sequences and maps of the Invitrogen vectors can be downloaded from
their website. MacVector includes a selection of these vectors in the /
Applications/MacVector 11/Common Vectors/Invitrogen folder.

TOPO Cloning

This technique relies on the single-stranded DNA nicking and religation
properties of Topoisomerase | from Vaccinia virus. This enzyme binds
to duplex DNA at specific sites and cleaves the phosphodiester back-
bone after 5'-YCCTT on one strand. The energy from the broken phos-
phodiester backbone is conserved by formation of a covalent bond
between the 3' phosphate of the cleaved strand and a tyrosyl residue
(Tyr-274) of topoisomerase |. The phospho-tyrosyl bond between the
DNA and enzyme can subsequently be attacked by the 5' hydroxyl of
the original cleaved strand, reversing the reaction and releasing topoi-

somerase. TOPO Cloning exploits this reaction to efficiently clone PCR
products.

Invitrogen provide linearized vectors that have Topoisomerase
covalently bound to each end — when mixed with PCR fragments, the
fragments are joined to the vector with high efficiency, making it a far
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more effective method for cloning PCR fragments than standard blunt
ended DNA ligase approaches.

There are two main types of TOPO cloning:
= TOPO-TA Cloning
e Zero Blunt TOPO Cloning

There is a third approach that uses 4 residue single-stranded overhangs
at one end of the vector to allow directional cloning of fragments. You
can simulate this approach using MacVector although it is not docu-
mented here. Contact MacVector support if you need more information.

TOPO-TA Cloning

Taq polymerase has a non template-dependent activity that adds a single
deoxyadenosine (A) to the 3" ends of PCR products. This reduces the
efficiency of ligation into normal blunt-ended vectors. However,
TOPO-TA vectors are supplied with single 3" deoxythymidine (T) resi-
dues attached to the ends, providing a complementary overhang that
increases the efficiency of ligation.

To simulate TOPO-TA cloning with MacVector

1. Select the region in a source DNA molecule corresponding to the
PCR fragment.

2. Click the Digest icon on the Map view toolbar or choose Edit | Digest
from the menu to copy the blunt ended fragment to the cloning clip-
board.

3. Open the target vector molecule and view the TopoTA/BLNT clon-
ing site in the Map view using the Common Enzymes set of sites.

4. Select the TopoTA/BLNT site and choose Edit | Ligate from the
menu.

Sacl (633)
Xbal (723)

TopoTASBLNT (741)
ThDral (773)

-~

2 mlfﬂ% el (1083)
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5. Click the Ligate button in the ligation pop-up window to insert the
fragment.

Zero Blunt TOPO Cloning

This technique is very similar to the TOPO-TA approach, except that
the linear vector molecules are completely blunt ended and do not have
3’T overhangs. These vectors should be used whenever a “proof-read-
ing” polymerase is used in the PCR reaction. These polymerases, like
Pfx DNA Polymerase (also available from Invitrogen) do not leave 3’A
overhanging residues and instead produce a completely flush end.

To simulate Zero Blunt TOPO cloning with MacVector

1. Select the region in a source DNA molecule corresponding to the
PCR fragment.

2. Click the Digest icon on the Map view toolbar or choose Edit | Digest
from the menu to copy the blunt ended fragment to the cloning clip-
board.

3. Open the target vector molecule and view the TopoTA/BLNT clon-
ing site in the Map view using the Common Enzymes set of sites.

4. Select the TopoTA/BLNT site and choose Edit | Ligate from the
menu.

5. Click the Ligate button in the ligation pop-up window to insert the
fragment.

Gateway Cloning

Gateway cloning is a technology that takes advantage of in vitro recom-
bination using att sites derived from the bacteriophage lambda chromo-
somal integration system. Once a fragment of interest has been cloned
into an “Entry” vector, flanked by att sites, it can be rapidly transferred
into a wide variety of engineered “Destination” vectors by incubating
the entry clone with destination vector and recombination proteins, then
transforming a suitable host and selecting the destination vector. Most
Invitrogen Entry vectors use Kanamycin resistance as the primary
selectable marker, whereas the Destination vectors use Ampicillin resis-
tance. In addition, the Destination vectors typically contain a strain-spe-
cific lethal gene (usually ccdB) flanked by the att sites that gets replaced
when the recombination event occurs, allowing direct selection for suc-
cessful recombinant clones.
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Another important feature of the system is that the recombination pro-
teins have a slight flexibility in recognizing the sequence of the recom-
bination sites, although the source and destination sites must be
identical for recombination to occur. This means that by varying the
sequence at the recombination site by a single residue, the system
ensures that recombination always occurs in the desired orientation.
There are 8 primary att sites used in Gateway cloning that are included
in the Common Enzymes file and and separately in the Gateway file:

e attRl CTTT TTTGTACAAA CTTG
e attR2 CTTT CTTGTACAAA GTGG
e attR3 CTTT ATTATACATA GTTG
e attR4 CTTT TCTATACAAA GTTG
e attLl CTTT TTTGTACAAA GTTG
e attlL2 CTTT CTTGTACAAA GTTG
e attlL3 CAAC TTTGTATAAT AAAGT
= attlL4 CAAC TTTTGTATAC AAAGT

attR1 and attL1 share the normal core sequence of the lambda att site,
but attR2 and attL2 contain a C instead of a T within the core sequence.
This difference ensures that attR1 can only recombine with attL.1 and
attR2 can only recombine with attL2. All the Invitrogen vectors contain
matched flanking L1/L2 or R1/R2 att site pairs, so the recombination
event always occurs in the same orientation, allowing you to exactly
predict the product that will result from the recombination. There are
other related L3/L4/L5 etc. variations that can be used, but these are far
less common.
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To simulate Gateway cloning with MacVector

1. Select the att sites in the source vector by holding down the <shift>
key and clicking on the sites.
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2. Click the Digest icon on the Map view toolbar or choose Edit | Digest
from the menu to copy the fragment to the cloning clipboard.

3. Open the destination vector and select the corresponding target att
sites.

4. Choose Edit | Ligate from the menu.

Click the Ligate button in the ligation pop-up to insert the source
fragment into the destination vector.
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Overview

MacVector provides the following tools to design primers and screen for

likely primers and probes:

= Primer3 for searching for primer pairs or finding a matching
primer for one designed using Quicktest Primer.

« Quicktest Primer for interactive design and evaluation of primers,

including the introduction of mismatches or addition of tails and
viewing the effect of such changes on protein open reading

frames.

= screening a nucleic acid sequence for likely sequencing primers or

hybridization probes.

= screening a protein sequence for the least degenerate oligos that
can serve as hybridization probes.

= screening sequencing and PCR primer sequences for specific char-

acteristics.
Contents
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Primer and Probe Design

Scanning for suitable primers

MacVector includes an automated primer searching module based on
Primer3. The module has been designed to be easy to use - you can cre-
ate a new primer in as little as three mouse clicks using the default set-
tings - whilst retaining all of the powerful features of Primer3.

As well as scanning for primer pairs, this module can also be used to:
= test pairs of primers
= design matching primers for a known primer

= design hybridization primers for use in realtime PCR analyzes and
similar techniques.

Scanning for primers using Primer3

Amplify Feature/Region

The simplest way to scan for primers with MacVector is to select a par-
ticular feature or region of a sequence and design primers either side of
it, to amplify the selection.

To scan for a primer using the Amplify Feature/Region method

1. Open the sequence file you want to analyze.

2. Select a feature of the sequence in the Map tab or the Features tab.
Alternatively, select a region of the sequence in the Editor tab.

By default, primers are chosen from a 200 bp long region on either side
of the feature or region selected.

3. Choose Analyze | Primers | Primer Design (Primer3) from the menu.

Note. When the Primer Design (Primer3) dialog box opens it is populated with
information about the feature or region you selected in the active sequence win-
dow. You can populate the dialog box with information about an alternative fea-
ture in the active sequence using the feature selector drop-down menu, or you can
specify an alternative region by providing residue numbers manually.

4. Ensure that Amplify Feature/Region is selected from the design
method drop-down list.

5. Click oK.

The default primer design settings will be used to design the new
primer. These will produce a ranked list and graphical map of the top
five primer pairs that will amplify the selected feature or region, using
the optimum values for the primer Tm and %GC. However, by modify-
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ing the advanced parameters (see ““Advanced Primer3 settings™ on
page 206) it is possible to tune these, and other values, to obtain the best
primers for non-standard situations.

Region to Scan
Alternatively, you can specify a region within which the amplified prod-
uct should lie. Simply choose the size of product you want and Primer3
will design primers to amplify products of that size, from anywhere in
that region.

To scan for a primer using the Region to Scan method
1. Open the sequence file you want to analyze.

2. Select a feature of the sequence in the Map tab or the Features tab.
Alternatively, select a region of the sequence in the Editor tab.

3. Choose Analyze | Primers | Primer Design (Primer3) from the menu.

Note. When the Primer Design (Primer3) dialog box opens it is populated with
information about the feature or region you selected in the active sequence win-
dow. You can populate the dialog box with information about an alternative fea-
ture in the active sequence using the feature selector drop-down menu, or you can
specify an alternative region by providing residue numbers manually.

4. Select Region to Scan from the design method drop-down list.
5. Click oK.

By default this method will design primers to produce products between
100 and 300 bases in length. However, you can change the minimum
and maximum Product size values to design primers to produce shorter
or longer products.

Flanking Regions
Finally, you can design primers by specifying two flanking regions and
selecting left and right primers from these. This is similar to the
Amplify Feature/Region method but it is much more flexible, as you
can specify more precisely the region that each primer is selected from.

To scan for a primer using the Flanking Regions method

1. Open the sequence file you want to analyze.

2. Select the feature of the sequence that defines the flanking regions
you are interested in on the Map tab or the Features tab. Alterna-
tively, select the region of the sequence that defines the flanking
regions you are interested in on the Editor tab.
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3.
4.

Choose Analyze | Primers | Primer Design (Primer3) from the menu.
Select Flanking Regions from the design method drop-down list.

The values for the left region and the right region are populated based
on the sequence selection you made above. These initial values define
flanking regions of zero length.

5.

6.

Modify the start point of the left region and the end point of the right
region until they encompass the regions you want to choose primers
from.

Click ok.

Note. There are no limits on the size of the regions that can be used, however, if
they are very short then it may not be possible to find suitable primers with the
default settings.

Testing primers using Primer3

You can also use the primer design module to test primer sequences.
You can test existing primer pairs to ensure that they match and produce
the expected product. Alternatively, you can provide one primer and use
the primer design module to design a suitable matching primer for a
specified region or sequence, or one that produces a product of a speci-
fied size.

To test an existing primer pair

1.
2.
3.

7.

Open the sequence file you want to analyze.
Choose Analyze | Primers | Primer Design (Primer3) from the menu.

Check the use this primer option for both primers, then paste or type
the existing primer sequences into the appropriate Primer Sequences
edit boxes.

Select Region to Scan from the design method drop-down list

Ensure that the Region to Scan values entirely encompass the area
that contains the expected product. If in doubt, select the entire
sequence.

Set the Product size values generously, e.g. between 0.5kb below and
0.5kb above the product size you would expect.

Click oK.

To find a new primer to match an existing primer for a specified
feature or region

1.

Open the sequence file you want to analyze.
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Select the feature of the sequence that you want to amplify in the
Map tab or the Features tab. Alternatively, select the region of the
sequence that you want to amplify in the Editor tab.

3. Choose Analyze | Primers | Primer Design (Primer3) from the menu.

7.

Check the Use this primer option for the existing primer, then paste or
type the existing primer sequence into the corresponding Primer
Sequences edit box.

Ensure that the Find primer option is selected for the primer you want
to design.

Ensure that Amplify Feature/Region is selected from the design
method drop-down list.

Click ok.

MacVector will test the existing primer, then design suitable matching
primers. Alternatively, to design a matching primer to produce a product
of a specified size, use the following procedure.

To find a new primer to match an existing primer for any product

size

1. Open the sequence file you want to analyze.

2. Choose Analyze | Primers | Primer Design (Primer3) from the menu.

3. Check the use this primer option for the existing primer, then paste or
type the existing primer sequence into the corresponding Primer
Sequences edit box.

4. Ensure that the Find primer option is selected for the primer you want
to design.

5. Select Region to Scan from the design method drop-down list

6. Click oK.

By default this method will design a matching primer to produce prod-
ucts between 100 and 300 bases in length. However, you can change the
minimum and maximum Product size values to design primers to pro-
duce shorter or longer products.

Real-time primer design

Many real time PCR techniques use a third oligonucleotide that will
anneal inside the desired product. This makes is possible to track the
progress of the PCR amplification using one of the many proprietary
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technologies available. The primer design module enables you to design
these.

You can design an internal primer suitable for use with a pair of existing
primers, design external primers to suit an existing internal primer, or
design all three primers from scratch.

Primer Sequences

=
@ Use this primer (O Use this primer
(O Find §' primer (@ Find 3' primer
[l Hybridizing Primer Sequence

Use this primer
Find Hybridizing Primer

Amplify Feature/Region |5

Region to Amplify:
1915 to 2106 (¥)

@ Advanced options

e —
(_ Defaults ) Cancel )

To design a pair of external primers and a suitable internal hybrid-
ization primer from scratch

1. Open the sequence file you want to analyze.

2. Select the feature of the sequence you want to monitor in the Map tab
or the Features tab. Alternatively, select the region of the sequence
you want to monitor in the Editor tab.

By default, primers are chosen from a 200 bp long region on either side
of the feature or region selected.

3. Choose Analyze | Primers | Primer Design (Primer3) from the menu.

Note. When the Primer Design (Primer3) panel opens it is populated with informa-
tion about the feature or region you selected in the active sequence window. You
can populate it with information about an alternative feature in the active
sequence using the feature selector drop-down menu, or you can specify an alter-
native region by providing residue numbers manually.

4. Ensure that Amplify Feature/Region is selected from the design
method drop-down list.

Tip. Alternatively, use the Flanking Regions design method to gain more control
over the regions from which the primers are chosen.
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6.
7.
8.

Ensure that the Find primer option is selected for both external prim-
ers.

Check the Hybridizing Primer Sequence box.
Ensure that the Find Hybridizing Primer option is selected.
Click ok.

To scan for a suitable internal hybridization primer for a pair of
existing external primers

1.
2.
3.

7.
8.

Open the sequence file you want to analyze.
Choose Analyze | Primers | Primer Design (Primer3) from the menu.

Check the use this primer option for both primers, then paste or type
the existing primer sequences into the appropriate Primer Sequences
edit boxes.

Select Region to Scan from the design method drop-down list

Ensure that the Region to Scan values entirely encompass the area
that contains the expected product. If in doubt, select the entire
sequence.

Set the Product size values generously, e.g. between 0.5kb below and
0.5kb above the product size you would expect.

Check the Hybridizing Primer Sequence box.
Ensure that the Find Hybridizing Primer option is selected.

Note. You should ensure that the advanced primer design settings on the Hybrid-
ization Primer tab are set to values appropriate for the primer technology you are
using. The documentation supplied with your primer technology should contain
this information.

9.

Click ok.

To scan for a suitable pair of external primers for an existing inter-
nal primer

1.
2.

Open the sequence file you want to analyze.

Select the feature of the sequence you want to monitor in the Map tab
or the Features tab. Alternatively, select the region of the sequence
you want to monitor in the Editor tab.

By default, primers are chosen from a 200 bp long region on either side
of the feature or region selected.

3.

Choose Analyze | Primers | Primer Design (Primer3) from the menu.
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Note. When the Primer Design (Primer3) dialog box opens it is populated with
information about the feature or region you selected in the active sequence win-
dow. You can populate the dialog box with information about an alternative fea-
ture in the active sequence using the feature selector drop-down menu, or you can
specify an alternative region by providing residue numbers manually.

4. Ensure that Amplify Feature/Region is selected from the design

method drop-down list.
5. Check the Hybridizing Primer Sequence box.

6. Check the Test this primer option for the hybridizing primer, then
paste or type the existing internal primer sequence into the Hybridiz-
ing Primer Sequence edit box.

7. Click ok.

Advanced Primer3 settings

The default primer design parameters are set such that most primer
design experiments can be run successfully without the need to make
any changes. However, all of the parameters can be accessed and modi-
fied using the Advanced options button on the Primer Design (Primer3)
dialog box.

The following tabs, containing groups of related primer design parame-
ters, are displayed.

Tip. Users familiar with Primer3 can hover the mouse over parameters on these
tabs to display tooltips with information about which underlying Primer3 param-
eters they correspond to. See ““Primer design™ on page 421 for further informa-

tion.

Characteristics

On this tab you can select minimum, maximum and optimum values for
Length, Percent G+C, and Tm. Primer3 will always try to design primers
that match the optimum values specified as closely as possible.

Note. The optimum value for these parameters does not need to be mid-
way between the minimum and maximum values.

The GC Clamp is the number of G and/or C residues you want to include
at the 3' end of each primer. Maximum Poly-X limits the number of con-
secutive residues of the same type that can appear in a primer sequence.
The Maximum difference in Tm between primers Setting enables you to
ensure that primers are closely matched. By default, the allowed differ-

206

MacVector User Guide



Scanning for suitable primers

ence is set to a quite high value, however, Primer3 will still usually find
well-matched primers.

Primer Binding

On this tab you can set values for Primer vs Primer, 3' end vs 3' end and
Primer vs Product Which control the maximum acceptable binding
between the primers and the product. The units of these parameters are
defined internally by Primer3. Increase the values to make the primer
design experiment less sensitive to binding. This may be necessary if
you are scanning a short sequence and cannot find suitable primers.

To remove Primer vs Product filtering altogether, set the value to -1.

Check the Allow ambiguous residues box if the sequence you are analyz-
ing contains ambiguous residues. Optionally, specify the maximum
number of ambiguous residues you are willing to accept in the primers
using the Allowed Ns in primers edit box.

Reaction Conditions

On this tab you specify the reaction conditions you use in the lab. These
parameters are shared by all the Primers tools, so making a change to
any of the values on this tab will affect the values displayed and used by
PCR Primer Pairs, Sequenceing Primers/Probes, etc. The reaction con-
ditions values specified, affect the reported Tm of the primer binding to
the template.

Hybridization Primer

On this tab you can set alternative basic parameters for hybridization
primer scans. See “Characteristics’ on page 206 for further details
about the parameters on this tab.

Note. These parameters are completely independent from the basic parameters
used for external primers. So, if you modify the basic parameters used for exter-
nal primers on the Characteristics tab, then those changes will not be reflected on
the Hybridization Primer tab.

Misc.

On this tab you can control the number of primer pairs that are reported.
The default is 5 but you can choose up to 100.

Note. The Graphical map output can only display the top 25 primers (see
““Graphical map” on page 209).
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Analyzing Primer3 results

Initially, the results of primer design experiments are presented in the
Primer Design Display dialog box. This summarizes the number of prim-
ers found, the number that were rejected, the number of suitable pairs of
primers found and the number that were rejected. This information is
divided into four sections.

= A summary of the number of individual primers that were consid-
ered and how many were accepted.

= A summary of the reasons why the rejected primers were dis-
carded. This section is useful for tuning the analysis if the default
values do not produce acceptable primers.

= A summary of the number of pairs of primers that were considered
and how many were rejected,

= A summary of the reasons why any rejected primer pairs were dis-
carded.

Note. If your primer design experiment included the design of an internal hybrid-
ization primer, then statistics for this will also be included in these summaries.

The Primer Design Display dialog also provides a choice of three display
options, which enable you to view the detailed results of the primer
design experiment in different ways.

To select display options

1. Check the boxes adjacent to the display options you want to see.
You can select as many of the different options as you like.

2. Click oK.

Note. The selection you make the first time the Primer Design Display dialog box
appears is retained throughout your MacVector session.
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Primer3 output

The Primer3 output option displays the raw output from Primer3. See
“Primer3 output file format™ on page 432 for a description of the syntax
of this output.

800 pBR322 Primer3 Map
pBR32Z

o
tetracycli ap Q beta-lactamase gene

0 1600 2000 2400 2300 3200 3600 4000

PCR Proguct

PCR Product
PCR Product "
PCR Product
PCR Product -
0/ 100% ] 4

Graphical map

The Graphical map option displays the primer pairs identified, the inter-
nal hybridization primers identified (if this option was selected) and the
predicted product or amplicon in a new Primer3 map window, along
with any existing features of the sequence.

Tip. Right-click on a primer pair or product in the graphical map and select either
Create primer_bind Feature Or Create misc_feature Feature from the context menu
to add that feature to the original sequence in a Genbank compatible format.

Like all other map views in MacVector, you can control the appearance
of the Primer3 map using the Graphics Palette.

The Primer3 map window and the parent sequence window are linked
so, if you click on any graphical object in the Primer 3 map window,
then the corresponding region is selected in the parent sequence win-
dow.

Spreadsheet

The spreadsheet option displays the primer sequences and detailed sta-
tistics about them in a new Primer3 spreadsheet window.

You can copy and paste individual sequences, entire lines, or the whole
spreadsheet into other documents, including Excel spreadsheets and
others that can import tab separated values. This makes it easy to dis-
tribute the primer sequence information to your oligonucleotide synthe-
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sis service. You can also save the Primer3 spreadsheet directly, as a
comma separated value (CSV) file.

8n0n pBR322 Primer3 Spreadsheet
Rank L Start L Len LTm LGC% L Sequence R Start R Len RTm R CC%
1344 20 60.00 45.00 GAGAACTGTCAATGCGCAAA 2572 20 59.84 45.00
2 1376 20 59.92 50.00 AGAACATATCCATCGCGTCC 2572 20 59.84 45.00
3 1344 20 £0.00 4500  GAGAACTGTCAATGCGCAAA 2445 20 59.68 50.00
4 1344 20 60.00 45.00 CAGAACTGTCAATCCGCAAA 2633 20 60.32 50.00
5 1376 20 59.92 50.00 AGAACATATCCATCGCGTCC 2445 20 59.68 50.00

You can also sort any of the columns in the Primer3 spreadsheet. By
default the results are sorted by rank each pair has been given. So, the
first primer pair listed is the most suitable and so on. However, you can
also sort the results by Tm or %GC values. To do this click on the head-
ing cell or the appropriate column.

The Primer3 map and spreadsheet windows are linked so, if you select a
primer in the Primer3 spreadsheet window, then that primer feature is
selected in the Primer3 map window and in the parent sequence win-
dow. Similarly, if you select a primer feature in the Primer3 map win-
dow, then it is also selected in the Primer3 spreadsheet window and the
parent sequence window.

Quicktest Primer

Quicktest Primer allows you to quickly evaluate the suitability of any
short (~20 residues) DNA sequence for use in PCR or sequencing
experiments. Simply open the Quicktest Primer dialog using Analyze |
Primers | Quicktest Primer... and type or paste in a primer sequence to dis-
play of the primer properties instantly. Alternatively, you can evaluate
any short (up to 80 nucleotides) portion of an existing sequence quickly
by selecting that portion in the Editor, Map Or Features View before
choosing Analyze | Primers | Quicktest Primer... In these circumstances,
the Quicktest Primer dialog opens with properties for the selected primer
already loaded.

The Quicktest Primer dialog displays the following information about
each “primer”:

e Tm

= Presence of “bad” residues like non-G/C 3’ end and runs of >3
homopolymers (esp G)
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= “Score” of hairpin loops and primer dimers

= Graphical display of hairpin loops and primer dimers

= | ocation of any other matches on the target sequence
In addition, the Quicktest Primer dialog enables you to:

= Add a user defined 5’ tail

= Nudge the primer along the target sequence

= Find a balanced second primer using Primer3

= Create a mismatch at any location (esp corresponding to a “one
out” site)

Quicktest Primer can be used in conjunction with Primer3 to rapidly
design pairs of primers with mismatches and/or tails and to generate the
predicted product of the reaction, complete with tails and/or mis-
matches.

To assess the suitability of a sequence as a primer

1. Choose Analyze | Primers | Quicktest Primer... from the menu.

The Quicktest Primer dialog box is displayed

3' End Primer Dimers Hairpin Structure
No significant 3' end dimers detected No sig. hairpins detected

Primer Duplex
Mo significant duplex dimers detected

Type/paste primer here

< B

Untitled Primer3 Show Report | | Parameters | | Copy Primer & Tail

2. Type or paste the primer sequence you want to evaluate into the cen-
tral primer editing box, with the white background.
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Information panes above the primer editing box show graphical repre-
sentations of the highest scoring primer dimer and/or primer duplex that
can be formed by the primer with itself (if any) and any hairpin loop
structures that may be present in the sequence. Scrollable text boxes
also display primer characteristics including molecular weight, Tm,
thermodynamic properties, etc. Any other suitable binding sites in the
current sequence are listed in the information pane below the primer
editing box, together with a graphical representation of the alignment
and other basic summary statistics.

If the primer binds to the active nucleic acid sequence, then the match-
ing sequence is also shown aligned below the primer, on a gray back-
ground (see ““To assess the suitability of a portion of an existing
sequence as a primer” on page 212 for more details).

No binding information is displayed if the primer does not bind to the
active nucleic acid sequence or if no nucleic acid sequence is active.

3. Click in the oOptional tail region of the primer editing box and type in
a sequence to add a tail to the primer.

When you make these changes, the Quicktest Primer display updates
dynamically.

4. Click copy Primer & Tail to copy the full primer to the clipboard for
pasting into other applications.

5. Click show Report to generate a report summarizing all the informa-
tion displayed in the Quicktest Primer dialog.

6. Click Primer3 to open the Primer Design (Primer3) dialog box, pre-
populated with the primer you have been assessing. See ““Scanning
for suitable primers” on page 200 for details of how to use Primer3.

To assess the suitability of a portion of an existing sequence as a
primer
1. Open the nucleic acid sequence file you want to analyze.

2. Select a primer-sized portion (less than 80 residues) of the sequence
in the Editor, Map Or Features VieW.

3. Choose Analyze | Primers | Quicktest Primer... from the menu.
The Quicktest Primer dialog box is displayed

The selected primer is shown in the central primer editing box, on a
white background. If the selected primer binds to the active nucleic acid
sequence, then below it the matching sequence is shown, aligned to the
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primer, on a gray background. In addition, the translations of any CDS
features that overlap the binding region are also shown.

Note. The plus and minus strands of the binding region are displayed in the col-
ors currently specified (by default these are black for the plus strand and blue for
the minus strand). If the primer binds preferentially to the minus strand, then this
will be displayed above the plus strand.

Information panes above the primer editing box show graphical repre-
sentations of the highest scoring primer dimer and/or primer duplex that
can be formed by the primer with itself (if any) and any hairpin loop
structures that may be present in the sequence. Scrollable text boxes
also display primer characteristics including molecular weight, Tm,
thermodynamic properties, etc. Any other suitable binding sites in the
current sequence are listed in the information pane below the primer
editing box, together with a graphical representation of the alignment
and other basic summary statistics.

The Quicktest Primer dialog box is linked to the active nucleic acid
sequence window. So, if you select a different nucleic acid sequence
window, then MacVector will recalculate the Quicktest Primer data.

Tip. Since no binding information is displayed if the selected primer does not
bind to the current sequence, you can use this feature to establish quickly if (and
where) the primer binds to any open nucleic acid sequences.

4. Click the left and right arrow icons to nudge the primer selection left
and right along the sequence.

5. Click in the Optional tail region of the primer editing box and type in
a sequence to add a tail to the primer.

When you make these changes, the Quicktest Primer display updates

dynamically, allowing you to establish the optimum primer location

quickly.

6. Click copy Primer & Tail to copy the full primer to the clipboard for
pasting into other applications.

7. Click show Report to generate a report summarizing all the informa-
tion displayed in the Quicktest Primer dialog.

8. Click pPrimer3 to open the Primer Design (Primer3) dialog box, pre-
populated with the primer you have been assessing. See ““Scanning
for suitable primers™ on page 200 for details of how to use Primer3.
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PCR primer pairs
MacVector provides an automated means of screening a nucleic acid

sequence for PCR primer pairs. Refer to “Primers and probes™ on
page 421, for details of the method used.

Screening for PCR primer pairs
To use this functionality, a nucleic acid sequence must be active.

Find PCR Primer Pairs

5can criteria

Find pairs by specifying: (E,l product size [ Itwo flanking regions

Region to scan: Product size:

12081 Ito | 5125 E}j 100 to | 600

Primer characteristics Centiguous bonds allowed
length: 18 |to |25 primer vs. primer (any) <= 3 :
percent G+C: 45 |to |55 primer vs. primer (C-C) <= _2 *
Tm (°0): 55 |to |80 3'-endvs. 3'-end <= 2 7|
3' dinucleotide: NS 3'-end vs. product <= 4 -

Reaction conditions

total initial primer conc. (nM): 5000 divalent cation conc. (mM): l.St} .

monovalent cation conc. {(mM): | 50.00 dNTP conc. (mM): |0.60

'_.Def_au_l-t_s_, ___Cailcel__ |

To screen for PCR primer pairs

1. Choose Analyze | Primers | PCR Primer Pairs.

The Find PCR Primer Pairs dialog box is displayed.

2. In the Scan criteria panel, do one of the following:

= select product size if the entire nucleic acid sequence is known and
you want to find primer pairs that amplify a product of a certain
size in a given region

= select two flanking regions to scan if each primer must lie in a cer-
tain region, or if you do not know the sequence of the product you
want to amplify but do know the sequences of the regions flanking
the required product.
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The choice made affects the other text boxes in this panel.
3. If you selected product size, then do the following:

= enter the base numbers that bracket the region you want to scan by
typing them in the Region to scan text boxes, or by selecting a
region from the feature selector drop-down menu, to the right of
the boxes.

= enter the range of product sizes that you want to amplify in the
Product size text boxes.

4. If you selected two flanking regions, then do the following:

= enter the base numbers that bracket the region where the forward
primer should be found by typing them in the Forward primer (5")
region text boxes, or by selecting a region from the features table
drop-down menu at the right of the boxes.

= enter the base numbers that bracket the region where the backward
primer should be found by typing them in the Backward primer (3')
region text boxes, or by selecting a region from the features table
drop-down menu at the right of the boxes.

5. Type the required range of primer lengths in the length text boxes.

6. Type the required percentage range of primer G+C content in the
percent G+C text boxes.

7. Type the required range of primer Tm values in the Tm (°C) text
boxes.

8. Type the IUPAC code for the two nucleotides that you want to
appear at the 3' end of the primers in the 3' dinucleotide text box.

9. Use the primer vs. primer (any) drop-down menu to specify the maxi-
mum number of consecutive bonds of any type that you will allow
the primer to form with itself (hairpin formation) or with another
primer (dimer formation).

10. Use the primer vs. primer (G-C) drop-down menu to specify the maxi-
mum number of consecutive G-C bonds that you will allow the
primer to form with itself (hairpin formation) or with another primer
(dimer formation).

11. Use the 3-end vs. 3'-end drop-down menu to specify the maximum
number of consecutive bonds that you will allow for the formation of
“primer dimers.”

MacVector User Guide 215



Primer and Probe Design

Primer dimers can lead to amplification of the primers alone instead of
the required product.

12. Use the 3'-end vs. product drop-down menu to specify the maximum
number of consecutive bonds you will allow between the 3' end of a
primer and the product it amplifies.

This is used to eliminate primers that may bind to alternate sites tightly

enough to result in false priming and amplification of the wrong prod-

uct(s).

13. Type in the sum of the concentrations of the two primers at the start

of the amplification reaction in the total initial primer conc. (nM) text
box.

14. Type in the monovalent cation (Na* and K*) concentration of the
reaction mixture in the monovalent cation conc. (mM) text box.

15. Type in the divalent cation (Mg** and Mn**) concentration of the
reaction mixture in the divalent cation conc. (mM) text box.

16. Type in the deoxyribonucleotide triphosphate concentration for the
reaction mixture in the dNTP conc. (mM) text box.

Note. These Reactions conditions parameters are shared between all the Primers
tools, so making a change to any of the values here will affect the values dis-
played and used by Primer3, Sequenceing Primers/Probes, etc.

17. Select oK to perform the screen.

Alternatively, select Defaults to restore the default settings, or Cancel to
close the dialog box without performing the screen.

At the end of the screen, the PCR Pairs Display dialog box is displayed.
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PCR Pairs Display

Primers... Forward  Backward Display options
Accepted: 296 327 . .
Considred: 12aga 12726 Mlistof pairs
Reasons for rejection... || graphical map of pairs
G+C content: 11574 11414
Trm: 221 221 . .
Hairpin: 17 30 Filter options
Self duplex: 679 670 §
Self 3'-dimer: 72 64 [ | pair Tm difference <= 4" C
Ambiguous: u] 1]
Gale fnalysis complete.
Accepted: 813
Conzidered: Q6792
Reasons for rejection...
Product size: 85546
Pair duplex: 7550
Pair 3'-dimer: 213
3'-end matches product: 2670 | Cancel | 0K |

The PCR Pairs Display dialog box contains statistical information about
the PCR primer pair screening: how many were considered, how many
eliminated, and the reasons for rejection. If no pairs were found, look at
these statistics to determine the most common cause of rejection. This
can help you decide which setup parameters to modify.

Displaying PCR primer screen results

The PCR Pairs Display dialog box provides a number of options for dis-
playing the results of the screen.

To display the results of a PCR primer pairs screen

1. The PCR Pairs Display dialog box is displayed on completion of each
analysis. To display this dialog box at other times, for example to
change the display parameters, choose Analyze | Primers | PCR Primer
Pairs when any PCR pairs display result window is active.

2. Select the pair Tm difference checkbox to restrict the displays to those
primer pairs whose Tm’s differ by less than the amount chosen in the
associated drop-down menu.

3. Select the list of pairs checkbox to see a list of the primer pairs, and
information about them and the products they amplify: Tm, G+C
content, length, location, and the optimum annealing temperature.

4. Select the graphical map of pairs checkbox to see a graphical repre-
sentation of the pairs and the products they amplify.
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5. Select oK to display the results.

PCR primer pair characteristics

For any input pair of PCR primers, MacVector can generate useful
information about the primers and the product. This enables you to
assess primer pairs from sources other than the MacVector primer

design functions. The calculated characteristics include:

= [ength and G-C percentage of each sequence
= average Tm, derived from the reverse complement of the primer
= primer pair Tm difference
= self-dimer and dimer formation
= hairpin formation
= self-duplex and duplex formation
= binding site information
= product formation.
To use this functionality, a DNA sequence must be the active window.

To calculate PCR primer pair characteristics
1. Choose Analyze | Primers | Test PCR Primer Pai.
The PCR Characteristics dialog box is displayed.

2. Enter the sequence of the first primer in the pair into the Primer 1 text
box, using the standard IUPAC one-letter codes. The sequence order
must be 5’ to 3.

3. Enter the sequence of the second primer in the pair into the Primer 2
text box, using the standard IUPAC one-letter codes. The sequence
order must be 5’ to 3°.

Tip. You might want to cut and paste text into both Primer 1 and Primer 2 boxes.
You can do this by storing text in the Text Editor. You can then switch to the
Text Editor to copy new text to the clipboard, before pasting into MacVector.

4. If required, select the Parameters button to adjust the parameters
used to control the tests that generate the characteristics. See “To
modify the PCR primer test parameters’ on page 221, for further
details.
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pBR322.nucl Test PCR Primer Pair

Primer 1 : | Parameters
Primer 2 : '_ Rev & comp _'
pairing:

Region

356 to |1579 |(¥) [ cancel |

5. You can restrict the search for unwanted binding sites to a certain
region of the active sequence you are testing primers against, by typ-
ing in the base numbers that bracket the region in the Region text
boxes, or by selecting a region from the features table drop-down
menu at the right of the text boxes.

6. Do one of the following:
= select Apply to run the analysis and display results in the informa-

tion text boxes. This leaves the PCR Characteristics dialog box dis-
played
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pBR322.nucl Test PCR Primer Pair

Primer 1 : |[TCCCCTTTCGGTCATCACGCT CAAAACCTG | Parameters |

length: 30, ®GC: 53.3, 6s: 9,Cs: 7, ambiguous Gor C: 0O
1ugof primer is equivalent to 105.2 pmole of ends
Primer does not form Self 3'-dimer

Primer forms Hairpin

Primer forms Self Duplex

Tm: 70.8 deg C, {OF Primer itself)

Primer does not bind anywhere in the selected region

Primer 2 : !CCGCTTACAGACAAGCTGTGACCGTCTCCGG | | Rev & comp |

length: 31, ®GC: 61.3, 6s: 8,Cs: 11, ambiguous Gar C: 0
1ugof primer is equivalent to 105.7 pmole of ends
Primer farms Self 3'-dimer

Primer forms Hairpin

Primer forms Self Duplex

Tm: 72.9 deg C, {OF Primer itself)

Primer does not bind anywhere in the selected region

pairing:

Primer pair will not generate a PCR product
Primer pair forms Duplex

Primer pair does not form 3'-dimer
Primer pair Tmdifference is 2.1 deg C

Region

356 to (1579 |(¥) [ Apply | [ Cancel | [ OK |

= select OK to close the PCR Characteristics dialog box and display a
text window of the same name that duplicates the results shown in
the information text boxes. It also shows aligned sequences and
product sequences.

ane pBR322 PCR Characteristics

| Sequence ‘pBR222' Scanned: 6 to 15
‘Searching PCR primer pairs.

!Primer binding:
Allow ambiguous residues: true
Haximum missmatches: 3
3'-end clamp: 2

‘Reaction conditions

{ Initial primer conc.({uM): Z_688
Honovalent cation conc.(=M): 5B.8

|Maximum consecutive bonds allowed:
primer v primer (any): 3
3'-end v 3'-end: 2
primer v primer (G-C only): 2
3"-end v product: 4

(Primer 1 :5° TCGCGLGTTTCGETGATGACGETGAAAACCTCTCACACATCGCAGCTCCCGGAGACGLTCACAG
length: 7B. %GC: 57.7. Gs: 24, Cs: 21, ambiguous G or L:
Tm: 94.5 *L, (Of Primer Hitself)
lug of primer is equivalent to 37.7 pmole of ends I

Primer does not form Self 3'-dimer x:
Primer forms Hairpin ¥
= N y v
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Note. If a text window of the correct name is already open, then the contents will
simply be updated. Because the contents are only updated when the ok button is
clicked, it is possible to display information in the text window that is out of step
with the PCR Primer Pair dialog information boxes.

PCR primer test parameters

The characteristics are calculated from a series of tests, and you can
modify the test parameters. The parameters are accessible from the PCR
Characteristics dialog box, and include several parameters used on the
Find PCR Primer Pairs dialog box (see “Screening for PCR primer
pairs’ on page 214).
Note. The shared parameters are linked, so changes in one dialog box will be
reflected in the other.

PCR Primer Parameters

Primer binding Contiguous bonds allowed

™ Allow ambiguous residues primer vs. primer {any) <= _3
Mismatches <=| 3 * | primer vs. primer (G-C) <=/ 2 ¢

3'-end clamp >=| 2 - J-endws. 3'-end <=[ 2 7

3'-end vs. product <=| 4 -
Reaction conditions
total initial primer conc. (nM): 50.00 divalent cation conc. (mM): | 1.50

monovalent cation conc. (mM): | 50.00 dNTP conc. (mM): | 0.60

Defaults | | Cancel | [ OK |

To modify the PCR primer test parameters

1. Choose Analyze | Primers | Test PCR Primer Pai.
The PCR Characteristics dialog box is displayed.

2. Select the Parameters button.

The PCR Primer Parameters dialog box is displayed.

Note. The Primer binding parameters are used to identify regions of the target
sequence that the primer can potentially bind to.

3. Select Allow Ambiguous residues to let primer sequences contain
characters other than A, C, T, and G, and to accept matches between
ambiguous bases in the test sequence.
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4. Use the Mismatches drop-down menu to specify the maximum num-
ber of residues by which the primer can differ from the target
sequence.

5. Use the 3"-end clamp drop-down menu to specify the number of con-
tiguous residues at the 3' end that must bind with the target.

Note. The Contiguous bonds allowed parameters are used to screen the primer for
self-annealing artifacts that might interfere with the reaction.

6. Use the primer vs. primer (any) drop-down menu to specify the maxi-
mum number of consecutive bonds of any type that you will allow
the primer to form with itself (hairpin formation) or with another
primer (dimer formation).

7. Use the primer vs. primer (G-C) drop-down menu to specify the maxi-
mum number of consecutive G-C bonds that you will allow the
primer to form with itself (hairpin formation) or with another primer
(dimer formation).

8. Use the 3-end vs. 3- end drop-down menu to specify the maximum
number of consecutive bonds that you will allow for the formation of
primer dimers.

Primer dimers can lead to amplification of the primers alone instead of
the required product.

9. Use the 3'-end vs. product drop-down menu to specify the maximum
number of consecutive bonds you will allow between the 3' end of a
primer and the product it amplifies.

This is used to check for primers that may bind to alternate sites tightly

enough to result in false priming and amplification of the wrong prod-

uct(s).

10. Type in the sum of the concentrations of the two primers at the start
of the amplification reaction in the total initial primer conc. (nM) text
box.

11. Type in the monovalent cation (Na* and K*) concentration of the
reaction mixture in the monovalent cation conc. (mM) text box.

12. Type in the divalent cation (Mg** and Mn**) concentration of the
reaction mixture in the divalent cation conc. (mM) text box.

13. Type in the deoxyribonucleotide triphosphate concentration for the
reaction mixture in the dNTP conc. (mM) text box.
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Note. These Reactions conditions parameters are shared between all the Primers
tools, so making a change to any of the values here will affect the values dis-
played and used by Primer3, Sequenceing Primers/Probes, etc.

Note. Steps 10 to 13 only affect the Tm calculation.
14. Select OK to return to the PCR Characteristics dialog box.
Alternatively, select Defaults to restore the default settings, or Cancel to

close the dialog box without saving the parameters.
Sequencing primers and hybridization probes

MacVector provides functionality for screening a nucleic acid sequence
for likely sequencing primers or hybridization probes of up to 80 nucle-
otides.

Screening for sequencing primers or probes

To use this functionality, a nucleic acid sequence window must be the
active window.

Find Sequencing Primers/Probes

Region to scan Contiguous bonds allewed
[:;J primer vs. primer (any) <= 3 -
primer vs. primer (G-C) <= 2 =

2081 to 5125

strand: | plus =
3'-end vs. 3'-end <= 2 =

Primer characteristics

primer vs. sequence <= b -
length: 18 to |25 — X R

(#) 3'-end only () entire primer
percent G+C: |45 |to |55 ...over the region:
Tmee: |55 lto |80 2081 |to 5125 )
3' dinucleotide: NS strand: | both H

Reaction conditions
total initial primer conc. (nM): 50.00 divalent cation conc. (mM): | 1.50

monovalent cation conc. (mM): | 50.00 dNTP conc. (mM): | 0.60

Defaults Cancel | [ OK |

To screen for sequencing primers or probes
1. Choose Analyze | Primers | Sequencing Primers/Probes.
The Find Sequencing Primers/Probes dialog box is displayed.
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2. In the Region to scan panel, enter the base numbers that bracket the
region you want to scan by typing them in the text boxes, or by
selecting a region from the features table drop-down menu at the
right of the boxes.

3. Choose the strand to scan from the strand drop-down menu.

4. Type the required range of primer/probe lengths in the length text
boxes.

5. Type the required percentage range of primer/probe G+C content in
the percent G+C text boxes.

6. Type the required range of primer/probe Tm values in the Tm (°C)
text boxes.

7. Type the IUPAC code for the two nucleotides that you want to
appear at the 3' end of the primer/probe in the 3' dinucleotide text
box.

8. Use the primer vs. primer (any) drop-down menu to specify the maxi-
mum number of consecutive bonds of any type that you will allow
the primer/probe to form with itself (hairpin formation) or with
another primer/probe molecule (dimer formation).

9. Use the primer vs. primer (G-C) drop-down menu to specify the maxi-
mum number of consecutive G-C bonds that you will allow the
primer/probe to form with itself (hairpin formation) or with another
primer/probe molecule (dimer formation).

Use the 3'-end vs. 3'-end drop-down menu to specify the maximum num-
ber of consecutive bonds that you will allow for the formation of
dimers.

10. This is important for sequencing primers; for hybridization probes,
choose the largest value.

11. Use the primer vs. sequence drop-down menu to specify the maxi-
mum number of consecutive bonds you will allow between the
primer/probe secondary binding sites and the target sequence. There
are two options associated with this:

= for a sequencing primer, you would usually select the radio button
that specifies 3'-end only.

= for a hybridization probe, you would usually select the radio but-
ton that specifies the entire primer.
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12. Inthe ...over the region text boxes, type the base numbers that bracket
a comparison region, or select a region from the features table drop-
down menu to the right of the boxes.

This is the region of the sequence that you want to compare with the
potential primer/probe to eliminate those that bind to alternate sites.

13. Choose the strand to use in the comparison from the strand drop-
down menu.

14. Type in the sum of the concentrations of the two primers at the start
of the amplification reaction in the total initial primer conc. (nM) text
box.

15. Type in the monovalent cation (Na* and K*) concentration of the
reaction mixture in the monovalent cation conc. (mM) text box.

16. Type in the divalent cation (Mg*™* and Mn**) concentration of the
reaction mixture in the divalent cation conc. (mM) text box.

17. Type in the deoxyribonucleotide triphosphate concentration for the
reaction mixture in the dNTP conc. (mM) text box.

Note. These Reactions conditions parameters are shared between all the Primers
tools, so making a change to any of the values here will affect the values dis-
played and used by Primer3, PCR Primer Pairs, etc.

18. Select oK to perform the screen.

Alternatively, select Defaults to restore the default settings, or Cancel to
close the dialog box without performing the screen.

At the end of the screen, the Primers/Probes Display dialog box is dis-
played.
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Primers /Probes Display

o + strand Display options
Accepted: 28 3 X
Considered: 4808 # list of primers/probes
Reasons for rejection... : map of primers | probes
G+C content: 45885
Tm: 17 3 =
Hairpin: 5 Filter options
Self duplex: 141 — - - —_
Self 3'-dimer: 10 ClTm (o) [55 ‘to &0
ambiguous: ] —- S— - ——
Multiple binding sites: 22 []% G+C: 45 to 55

_Comments on results.
Analysis complete,

(Cancel ) 0K

The Primers/Probes Display dialog box contains statistical information
about the scan for primers/probes: how many were considered, how
many eliminated and the reasons for rejection. If none were found, look
at these statistics to determine the most common cause of rejection. This
can help you decide which setup parameters to modify.

Displaying sequencing primer or probe screen results

The Primers/Probes Display dialog box provides a number of options for
displaying the results of the screen.

To display the results of a sequencing primer or probe screen

1. The Primers/Probes Display dialog box is displayed on completion of
each analysis. To display this dialog box at other times, for example
to change the display parameters, choose Analyze | Primers | Sequenc-
ing Primers/Probes when any Primers/Probes display result window
is active.

2. Select the Tm (°C) checkbox to restrict the displays to those primers/
probes whose Tm’s lie within the range specified in the text boxes.

3. Select the percent G+C checkbox to restrict the displays to those
primers/probes whose G+C percentage lies within the range speci-
fied in the text boxes.
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4. Select the list of primers/probes checkbox to see a list of the primers
or probes and information about them: Tm, G+C content, length, and
location.

5. Select the map of primers/probes checkbox to see a graphical repre-
sentation of the sequencing primers or hybridization probes.

6. Select oK to display the results.

Sequencing primer characteristics

For any sequencing primer, MacVector can generate useful information
about its properties and binding characteristics. This enables you to
assess sequencing primers from sources other than the MacVector
screening function. The calculated characteristics include:

= length and G-C percentage of each sequence
= average Tm, derived from the reverse complement of the primer
= self-dimer formation
= hairpin formation
= self-duplex formation
= binding site information.
To use this option, a DNA sequence must be the active window.

pBR322 Sequencing Characteristics

Primer : -}-\'FGTITGACAGC'IT_ATCH'C |': Parameters .-.J

Region

1 to [4361 | (¥)
strand: | both ":] (" Apply ) |j:cance|"|( oK )
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To calculate sequencing primer characteristics

1. Choose Analyze | Primers | Test Sequencing Primers/Probes.

The Sequencing Characteristics dialog box is displayed.

2. Enter the primer sequence into the Primer text box, using the stan-

dard IUPAC one-letter codes. The sequence order must be 5’ to 3’.

If required, select the Parameters button to adjust the parameters
used to control the tests that generate the characteristics. See “To
modify the sequencing primer test parameters” on page 230, for fur-
ther details.

You can restrict the search for unwanted binding sites to a certain
region of the active sequence you are testing primers against, by typ-
ing in the base numbers that bracket the region in the Region text
boxes, or by selecting a region from the feature selector drop-down
menu to the right of the text boxes.

5. Do one of the following:

= select Apply to run the analysis and display results in the informa-
tion text box. This leaves the Sequencing Characteristics dialog
box displayed.

pBR322 Sequencing Characteristics

Primer : ATGTI"I’GACAGC“ITECATC (_ Parameters :1

length: 20, BGC: 35.0, Gs: 3, Cs: 4, ambiguous Gor C: 0
1ug of primer iz equivalent to 1493 pmole of ends
Primer does not form Self 3'-dimer

Primer does not form Hairpin

Primer forms Self Duplex

Tm: 50.0°C, (0f Primer itself)

Primer binds at position & on the Top Strand {score 203

Region
1 o (4361 | (%)
strand:  both | ﬂ ( Apply ) ( Cancel ) (—@&7-)

= select OK to close the Sequencing Characteristics dialog box and
display a text window of the same name that duplicates the results
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shown in the information text box. It also shows aligned
sequences and product sequences.

ene pBR322 Sequencing Characteristics

{Hawimum consecutive bonds allowed:
primer v primer fanyj): 3

3'-end v 3"-end: 2
primer v primer {(G-L only): 2

Primer -5' ATGTTTGACAGCTTATCATC 3°
length:: 28, %GC: 35.8, Gs: 3, Cs: 4. ambiguous G or C: B8
Tm: 58.8-°*L, (Of Primer itself)
lug of primer -is equiwvalent to 149_3 pmole of ends
Primer does not form Self 3'-dimer
Primer does not form Hairpin
Primer forms 5elf Duplex
Primer binds at position € on the Top Strand (score 28)

List of Primers:

[ 1] Primer : score 2B. mismatches B. upper strand 6 to 25

Tm: 588 °C (from target sequence)

5'-ATGTTTGACAGCTTATCATC-3"' (Primer)

& 5'-ATGTTTGACAG b1

Al

Note. If a text window of the correct name is already open, then the contents will
simply be updated. Because the contents are only updated when the ok button is
clicked, it is possible to display information in the text window that is out of step
with the PCR Primer Pair dialog boxes.

Sequencing primer test parameters

The characteristics are calculated from a series of tests, and you can
modify the test parameters. The parameters are accessible from the
Sequencing Characteristics dialog box, and include several parameters
used on the Find Sequencing Primers/Probes dialog box (see *“Screening
for sequencing primers or probes’ on page 223).

Note. The shared parameters are linked, so changes in one dialog box will be
reflected in the other.

Seguencing Primer Parameters

Primer binding Contiguous bonds allowed

™ Allow ambiguous residues

primer vs. primer (any) <=| 3 =
Mismatches <=| 3 A 3]

primer vs. primer (G-C) <=| 2 E
3'-end clamp >=| 2 g

a

3-endwvs. 3'-end <= 2 3]

Reaction conditions

total initial primer conc. (nM): | 50.00 divalent cation conc. (mM): | 1.50
monovalent cation conc. (mM): | 50.00 dNTP conc. (mM): | 0.60
| Defaults | | Cancel | [ OK ]
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To modify the sequencing primer test parameters

1. Choose Analyze | Primers | Test Sequencing Primer/Probe.
The Sequencing Characteristics dialog box is displayed.

2. Select the Parameters button.

The Sequencing Primer Parameters dialog box is displayed.

3. Select Allow Ambiguous residues to let primer sequences contain
characters other than A, C, T, and G.

4. Use the Mismatches drop-down menu to specify the maximum num-
ber of residues by which the primer can diverge from the target
sequence.

5. Use the 3'-end clamp drop-down menu to specify the number of resi-
dues at the 3' end that must bind with the target.

This is used to reduce the number of potential binding sites.

6. Use the primer vs. primer (any) drop-down menu to specify the maxi-
mum number of consecutive bonds of any type that you will allow
the primer to form with itself (hairpin formation) or with another
primer (dimer formation).

7. Use the primer vs. primer (G-C) drop-down menu to specify the maxi-
mum number of consecutive G-C bonds that you will allow the
primer to form with itself (hairpin formation) or with another primer
(dimer formation).

8. Use the 3'-end vs. 3'-end drop-down menu to specify the maximum
number of consecutive bonds that you will allow for the formation of
“primer dimers.”

Primer dimers can lead to amplification of the primers alone instead of
the required product.

9. Type in the sum of the concentrations of the two primers at the start
of the amplification reaction in the total initial primer conc. (nM) text
box.

10. Type in the monovalent cation (Na* and K*) concentration of the
reaction mixture in the monovalent cation conc. (mM) text box.

11. Type in the divalent cation (Mg** and Mn**) concentration of the
reaction mixture in the divalent cation conc. (mM) text box.

12. Type in the deoxyribonucleotide triphosphate concentration for the
reaction mixture in the dNTP conc. (mM) text box.
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Note. These Reactions conditions parameters are shared between all the Primers
tools, so making a change to any of the values here will affect the values dis-
played and used by Primer3, PCR Primer Pairs, etc.
Note. Steps 9 to 12 only affect the Tm calculation.

13. Select OK to return to the Sequencing Characteristics dialog box.

Alternatively, select Defaults to restore the default settings, or Cancel to
close the dialog box without saving the parameters.

Least degenerate hybridization probes

MacVector provides a way to find an oligo to use as a hybridization
probe for a gene whose exact DNA sequence is not known, provided the
amino acid sequence is known. The process used is as follows:

= reverse-translate the amino acid sequence;

= scan the resulting DNA sequence to find a region that is not very
degenerate;

= use this region to make probes, thus minimizing the number of oli-
gonucleotide probes that would have to be synthesized.

Refer to “Screening a protein to find a hybridization probe” on
page 439, for more details of this process.

Screening for least degenerate hybridization probes

To use this functionality, a protein sequence window must be the active
window.

Before you run the analysis, you may want to reduce the degeneracy of
the resultant DNA sequence by eliminating certain codons from the
genetic code used for the reverse translation. Your knowledge of the
codon preferences of the organism of interest will be your best guide in
eliminating codons. Refer to “Reducing the degeneracy of a genetic
code” on page 245 for details of this procedure.

Analysis Options

Region to translate: |1 to 442 [':a
Genetic code: | universal
|| New DNA  Name: Reverse-Translation of UBUTB
Display Options
™ Display Probe List... Minimum: |10 Maximum: |15

[C] Display Annotated sequence

Cantgi | ok |
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To find least degenerate hybridization probes
1. Choose Analyze | Reverse Translation.

2. Type the residue numbers that bracket the region you want to scan in
the Region text boxes, or select a region from the features table drop-
down menu at the right of the boxes.

3. Select the genetic code to be used from the genetic code drop-down
menu.

4. Select the Probe list check box to generate a list of least-ambiguous
oligonucleotide probes for the specified region.

The output lists the sequence of each probe, the corresponding amino
acid sequence, the percent G+C content of the probe, and the dissocia-
tion temperature of the probe-DNA complex.

5. If you are generating a probe list, limit the range of probe sizes by
entering values in the minimum and maximum text boxes.

6. Select the Annotated sequence check box to display the degenerate
nucleic acid sequence that results from reverse translating the pro-
tein. The appearance of this display can be changed interactively by
choosing Customize | Format Annotated Display. Refer to “Formatting
the Aligned Sequence view” on page 41, for further details.

7. Select the New DNA check box to create a new DNA sequence win-
dow for the degenerate sequence created by reverse translating the
protein sequence. Type a name for the new sequence in the text box.

8. Select oK to perform the screen.

Screen results

If you have displayed an annotated sequence, the amino acid that results
from translation is shown beneath the degenerate nucleic acid sequence.
Note that this amino acid sequence may not match the original protein
because certain degenerate codons could code for more than one amino
acid. For example, serine has six codons, four of the form TCN and two
of the form AGY. These two forms reduce to the single degenerate
codon WSN. If this degenerate codon is then retranslated, it will be
assigned the “unknown” amino acid X, because WSN can expand to any
of the following:

* TCN = Ser
e ACN=Thr
e AGY = Ser
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* AGR=Arg
e TGY =Cys
= TGA=End
e TGG =Trp.
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] 1 Using Transcription and Translation
S Functions

Overview

This chapter describes how to transcribe and translate DNA sequences
to protein.You can assemble the required sequence for transcription by
choosing particular features such as introns and exons. MacVector pro-
vides flexible facilities for translating and reverse translating sequence
data, according to the chosen genetic code. In addition to using the
genetic codes supplied with MacVector, you can also create your own
codes.

The reverse translation functionality is described in ““Least degenerate
hybridization probes™ on page 231
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Using Transcription and Translation Functions

Transcribing and translating DNA to protein

MacVector enables you to transcribe a DNA sequence, and translate the
resulting mRNA into an amino acid sequence using a selected genetic
code. MacVector can also display a codon usage table for the transla-
tion.

Using the Translation Analysis dialog box, you can transcribe and trans-
late a DNA sequence in a single operation. Alternatively, using the Gen-
erate Transcript dialog box, you can first perform a transcription analysis
and then translate. This option is particularly useful if you require the
MRNA sequence itself, or if you want to assemble the transcription
sequence from discontinuous segments of DNA.

Both the Transcription Analysis and the Generate Transcript dialog boxes
allow you to specify the segments to be transcribed by choosing exon,
intron, RNA or coding sequence (CDS) features.

All segments are assumed to be on the same strand, so you cannot
merge segments from the plus and minus strands in the same transcrip-
tion. To run a transcription or translation analysis, a nucleic acid
sequence window must be the active window.

Generating a transcript

An entire sequence of DNA in the sequence window can be transcribed
automatically by clicking on the sequence type indicator icon on the
toolbar. The indicator icon will change from DNA to RNA. Click on the
icon again to reverse the transcription.

Alternatively, to transcribe one or more features in the sequence, use the
Generate Transcript dialog box.

Note. MacVector detects features by their feature table entries. It does not predict
exons, so you must first ensure that the appropriate features have been defined.

Specifying a CDS feature

This is the initial default method. When you choose the Single CDS
method and select a range of the current DNA sequence, MacVector
lists all CDSs found within the range. The CDS features for both strands
are listed together; those on the minus (complementary) strand are
marked with a blue ‘C’. Each CDS may contain several exons; these are
listed on successive lines within the CDS feature entry. Only one CDS
feature can be selected for transcription, because only a single CDS can
contribute to a mRNA molecule.
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Note. A CDS feature may or may not include the terminal stop codon, depending
on the preference of the submitting author.

Specifying exons
When you choose Specify exons, and select a strand and a range of the
current DNA sequence, MacVector lists all exons found on that strand
within the range. Initially all exons are checked, so they will be included
in the transcription. However, you can deselect exons to prevent them

from being transcribed. This is useful where a gene has alternate splice
sites.

The default assembly order is from 5’ to 3’ on the selected strand.
Therefore the exons are listed in ascending order of residue numbering
on the plus strand, and in descending order on the minus strand. You can
change the order of assembly by moving items in the list.

Tip. Rearranging the order of exons may be useful if the gene has been cloned
into circular DNA, and the origin of the circular DNA is inside the gene.

Specifying introns
When you choose the Specify introns method, and select a strand and a
range of the current DNA sequence, MacVector lists all introns found
on that strand within the range. In contrast to MacVector’s treatment of

exons, all introns are initially unchecked, so they will be excluded from
the transcription. If you select any introns, they will be transcribed.

Specifying RNA features

When you choose the Specify RNA features method, and select a strand
and a range of the current DNA sequence, MacVector lists all RNA fea-
tures found on that strand within the range. Initially all features are
unchecked, so they will be excluded from the transcription. If you select
any RNA features, they will be transcribed. You can also change the
order of assembly, by moving items in the list.

Preserving features

When the mRNA window is created, the relevant features from the
DNA sequence’s feature table can be copied into it. Where a feature lies
partially within a selected range, it will be split and copied as a feature
fragment. If several segments have been transcribed, there can be many
such feature fragments in the resulting mMRNA sequence. MacVector
lets you choose how much feature information to include in the tran-
scribed sequence: all the features, just the features that define the
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selected segments, or no features at all. The default is to include only the
defining features. If no features are copied, the mRNA window will
contain only the residues.

Method: [ Specify exons B |

From |1 | to 140387 ¥) Strand: | plus 2

17 features found. The assembly order can be changed by dragging in the list.

number=1
number=2
number=1
number=2
number=1
number=1
number=2
number=1
number=2

w1 [ it |

£ i
100201 number=1
101185 number=2
1N13Cn 1N12IR87 rnunnbar—1

mRNA Feature Table: | Default = ]

mRNA Sequence Name: IZea mays chloroplast genome mRNA |

[ cancel | [ OK |

To transcribe DNA features into mRNA
1. Choose Analyze | Generate Transcript from the menu.
The Generate Transcript dialog box is displayed.

2. From the Method drop-down menu, choose one of the following
methods for selecting segments to transcribe:

® Single CDS
® Specify exons
® Specify introns
® Specify RNA sequences
The appropriate features are displayed in a list.

3. To enter a range in the sequence, type the appropriate sequence num-
bers in the From and to text boxes.

You will be selecting features for transcription within this range.
4. From the strand menu, select plus or minus.

238 MacVector User Guide



Transcribing and translating DNA to protein

If you have selected the Single cDS method, CDS features of both
strands are listed and this menu is not available.

5. Do one of the following, depending on the transcription method you
chose in step 2:

= Specify exons: Deselect any listed features that you do not want
transcribed by clicking in their check boxes.

* Single CDS: Select a CDS feature for transcription from the list.
The selected feature is highlighted.

* Specify introns Or Specify RNA sequences: Select any listed introns
that you want transcribed by clicking in their check boxes.

6. If you chose Specify exons Or Specify RNA features, YOou can change
the order of assembly of the listed features. To move a feature, click
on the double arrow at the left of the line. Holding down the mouse
button, drag the feature to its new position in the list, and then
release the mouse button.

As the line is dragged, a dashed outline follows the cursor, and an arrow
at the left of the list shows where the insertion position will be if the
mouse is released.

7. From the mRNA Feature Table drop-down menu, choose which fea-
tures should be copied into the transcribed sequence: Copy all fea-
tures, Default, Or Do not copy features.

8. Type a name for the transcribed sequence in the mRNA Sequence
Name text box.

9. Select oK to perform the transcription and display the resulting
MRNA sequence.

Translating DNA or mRNA to protein

The Translation Analysis dialog box is used to control the translation of a
nucleic acid sequence and to set up displays of the resulting protein
sequence. The nucleic acid sequence can be either DNA, or the mRNA
output from a transcription analysis (see “To transcribe DNA features
into mMRNA”” on page 238). If you are using a DNA sequence, select one
or more segments for translation, using the Segment(s) to translate text
box or the feature selector drop-down menu. If you have a transcribed
mRNA sequence, you will normally translate the entire sequence.

For instructions on choosing and modifying genetic codes, see “Genetic
codes” on page 242.
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Analysis Options

Segment(s) to translate; Append to segments: [3,

1/3878;

Genetic code: | universal &l

Phase:| 1 +| Strand: | Plus |

[ ] New Protein Name: nslation of Zea mays chloroplast genome mRNA

Display Options

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

\;_J as specified in "Segment(s) to translate”

( ;-as specified region with "Segment(s) to translate”

() as specified region: Number of frames:| &

Region to Display: 1 to 3878 v

To translate a nucleic acid sequence to protein
1. Choose Analyze | Translation from the menu.
The Translation Analysis dialog box is displayed.

2. If you do not want to translate the entire sequence, select the parts of
the sequence to translate, by doing one of the following:

= type the required ranges in the Segment(s) to translate text box

= select the required features from the feature selector drop-down
menu to the right of the box.

When you are typing ranges, there must be a slash (/) between the num-
bers of a range, and a semicolon (;) after each specified range. For seg-
ments on the minus (reverse complement) strand, type the base numbers
with reference to the plus strand.

Note. If two or more segments are specified, they must be listed in the order that
they are to be translated. If several segments on the minus strand are specified,
the first segment to be translated will be the segment with the highest number.

3. Choose the genetic code to use for the translation from the genetic
code drop-down menu.

For instructions on choosing and modifying genetic codes, see “Genetic
codes” on page 242.

4. Choose the reading frame from the phase drop-down menu.
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The reading frame is relative to the start of the first segment entered in
the Segment(s) to translate box. In almost all cases, the phase should be
set to 1.

5. Choose which strand to translate from the strand drop-down menu. If
regions are entered from the features table, the strand is set automat-
ically to the strand corresponding to the last feature that was used.

6. To create a new protein sequence window containing the protein
sequence specified by the translation settings, select the Create new
protein check box. Type a name for the protein sequence in the text
box.

Note. The protein sequence will only include the translations of the specified
segments.

7. To generate a table displaying the frequency of each of the 64
codons in the selected sequence, select the Codon Usage Table check
box.

8. Select the Annotated sequence with translation check box to generate
an annotated sequence of the DNA and translated protein. This
always displays the portion of the nucleic acid sequence specified in
the Region to Display text boxes. The displayed sequence can be fur-
ther controlled as follows:

= select the as specified in... radio button to see the translation only
for those segments specified in the Segment(s) to translate box

= select the of entire display region radio button to see the translation
of the whole display region. With this option, you can choose the
number of reading frames translated from the no. of frames drop-
down menu.

9. You can restrict the display to a certain region of the sequence by
typing in the base numbers that bracket the region in the Region to
Display text boxes, or by selecting a region from the feature selector
drop-down menu to the right of the text boxes.

This enables you to display more than just the translated portion of the
sequence, for example, if you want to show regulatory regions upstream
from the coding region.

Note. The annotated sequence will show all bases in the specified region, not just
those which have been translated.

10. Select ok to perform the translation and display the requested
results.
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Genetic codes

Genetic codes are used for translating and reverse translating sequence
data. MacVector enables you to:
= designate a default genetic code for performing auto-translations
= create a new genetic code

= “delete” codons from a genetic code to reduce the amount of
degeneracy when reverse translating an amino acid sequence to a
DNA sequence.

Autotranslations are controlled by the annotated sequence formatting.
When enabled, they display selected features with a translation beneath
the main sequence display.

Refer to “Formatting the Aligned Sequence view” on page 41, for fur-
ther information.

You can display the codons for the currently selected genetic code in a
popup reference table at any time using the window | Genetic Code Key
menu option.

Selecting a different genetic code

The default genetic code can be changed at any time. If an annotated
sequence window is open at the time you make the change, any
autotranslations that are present will be updated immediately to reflect
the new genetic code settings. However, the results of previous analyses
will not be changed. For example, if you translate a DNA sequence and
create a new protein sequence window, the amino acids in the protein
sequence will not change if you subsequently change the genetic code.
To select a genetic code

1. Choose Options | Modify Genetic Codes from the menu.

The Genetic Code dialog box is displayed.

2. Choose a code from the genetic code drop-down menu.

3. Select ok to remove the Genetic Code dialog box.

Modifying genetic codes

Creating and editing codes is done using the Genetic Code dialog box.
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Genetic Code

genetic code:  universal @
U C A G start stop _+_ =
Phe Ser Tyr Cys 1] » 4
Phe Ser Tyr Cys = Ala

u Leu Ser Rkt ISt | - Arg
Leu |3er |*** 4|Trp |G Asn ||
Leu Pri His &g u

c Leu Pro His Arg 2 Asp
Leu  |Pro [GIn |&rd |A Asx
Leu Fro  |GIn arg G Cys
e Thr  [Asn  [Ser u Glin
Il Thr Asn Ser C Glu

A g Thr  [Lws  |&rg A Glx |a
Met v |Thr [Lvs  [érg |G Gly
‘Yal #la Asp Gly u

G Yal Ala Asp Gly C
Val fla Glu Gly A [
e [ow [y 1A (Cancel ) (EOKS)

At the left side of the dialog box is a chart with 64 cells representing the
64 codons. The labels on the left side of the chart are for the first nucle-
otide of the codon, the labels on top for the second nucleotide, and the
labels on the right for the third nucleotide. Each cell of the chart con-
tains the three-letter abbreviation of the amino acid coded for by the
codon controlling that cell. To the right of the chart is a graphic that
looks like a stylized tRNA anticodon loop. When you click on a cell, the
codon corresponding to the selected cell will be displayed beneath the
loop.

Adding a new genetic code
New genetic codes can be added at any time.

To add a new genetic code
1. Choose Options | Modify Genetic Codes.
The Genetic Code dialog box is displayed.

2. Choose the code that will be used as a basis for the new one from the
genetic code drop-down menu.

3. Type the name of the new genetic code in place of the selected code,
then select the button labeled with a plus sign (+) in the upper right
corner of the dialog box

Note. The new code will not be saved permanently until you select oK.
4. Modify the code as required.
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Refer to the procedure “To modify a genetic code™ on page 244.
5. Select OK to save the changes.

Note. The new code will become the default code, unless you select an alterna-
tive one before closing the Genetic Code dialog box.

Modifying a genetic code

The selected genetic code can be modified at any time. We recommend
that any modifications to codes supplied with MacVector are done on a
copy of the code. See ““To add a new genetic code” on page 243, for
details of how to copy a code.

To modify a genetic code
1. Choose Options | Modify Genetic Codes.
The Genetic Code dialog box is displayed.

2. Choose the code to be modified from the genetic code drop-down
menu.

3. Select a cell whose assignment you want to change.

4. Scroll down the amino acid list on the right of the dialog box, and
double-click on the amino acid you want to be coded for in the high-
lighted cell. If the codon does not code for an amino acid (for exam-

ple, TAA, TAG, and TGA in the universal code) choose *** instead
of an amino acid name.

The contents of the highlighted cell change to reflect the new assign-
ment.

5. To designate any of the 64 codons to be a start or stop codon, select
the appropriate cell, then select the start or stop button above the
stylized tRNA anticodon loop.

6. Repeat steps 3 through 5 for each change you require.
7. Select OK to save the changes.

Deleting a genetic code

A genetic code can be deleted at any time. This should be done with
caution, because the only way you can restore it is to re-enter it by hand
or to reinstall MacVector.

To delete a genetic code

1. Choose Options | Modify Genetic Codes.

The Genetic Code dialog box is displayed.
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4.

Choose the code to be deleted from the genetic code drop-down
menu.

Select the button labeled with a minus sign (-) in the upper right cor-
ner of the dialog box.

Select oK to delete the code permanently.

Note. If you select cancel, the code will not be lost, even if you have done step 3

above.

Reducing the degeneracy of a genetic code

When you perform a reverse translation, you can eliminate codons from
consideration to reduce the degeneracy of the DNA sequence that will
result from the reverse translation. This can be useful, for example,
when you know that your organism uses only two of the six standard
serine codons in the universal genetic code.

To reduce the degeneracy of a genetic code

1.

Choose Options | Modify Genetic Codes.

The Genetic Code dialog box is displayed.

2.

Choose the code to be modified from the genetic code drop-down
menu.

3. Select a codon that you want to ignore.

6.

Scroll to the end of the amino acid list on the right of the dialog box,
and select “- - -”.

Repeat steps 3 and 4 for each codon you want to ignore in the reverse
translation.

Select OK to save the changes.

Each codon marked as “- - -” will not be considered when performing
reverse translations.
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Overview

MacVector enables you to align both protein and DNA sequences from
the following sources:

= sequences stored locally in any format recognized by MacVector

= sequences in the online NCBI databases accessible via the Inter-
net.

Several methods are available to perform these alignments and each is
outlined in this chapter:

= Multiple Sequence Alignment

= Align to Reference

= Pustell Matrix Analysis (also known as a Dot Plot)
« Internet BLAST

= Align to Folder

= Contig Assembly

Contents
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Aligning Sequences

Multiple Sequence Alignment

If you have two or more related sequences (DNA or Protein) and you
want to examine the relationship between them, use this function.

Multiple sequence alignment allows you to align two or more sequences
without requiring a reference. Alignments can be generated using the
ClustalW, T-Coffee and Muscle algorithms. The generated alignments
can be edited and displayed in many ways and submitted to additional
phylogenetic reconstruction algorithms to help determine the relation-
ship between sequences.

Choose File | New | Protein Alignment (O File | New | Nucleic Acid Align-
ment) to create an empty Multiple Sequence Alignment window.

Add sequences to the alignment by using Edit | Add Sequences from the
main menu then click on the Align icon on the toolbar to align the
sequences. Initially, the ClustalW algorithm is invoked by default, but
subsequently the last algorithm that was used becomes the default. Click
and hold the Align icon to choose a different alignment algorithm.

Click on the prefs icon on the toolbar to control the appearance and
behavior of the data in each of tabs that represent diffesrent views or
analyses of the alignment.

This functionality is most suited for protein alignments, or for nucleic
acid sequences where you are interested in examining phylogenetic rela-
tionships. If you wish to compare two or more DNA sequences, you
should definitely consider if one of the other alignment functions may
be more suitable.

To find out more see “Performing Multiple Sequence Alignment™ on
page 341.

Align to Reference

Use this tool if you have a reference sequence and you want to align one
or more DNA sequences against it. A typical example would be in rese-
quencing, e.g. sequencing a cloned PCR fragment to check no errors
were introduced, sequencing across end junctions, scanning for success-
ful mutagenesis clones, etc.

In each case, open the file that represents the parent or reference
sequence, then choose Analyze | Align to Reference. In the Align to Refer-
ence window that opens, click on the Add Segs icon on the toolbar to
add sequences from disk — these can be in any format that MacVector
can read, typically ABI or SCF chromatogram files but you can add
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plain sequences as well. Click the Align icon on the toolbar and choose
the Sequence Confirmation algorithm, which is tuned to expect the
small insertions/deletions you would expect in raw chromatogram files.

Compared to multiple sequence alignment, Align to Reference has the
advantage that it will automatically “flip” sequences to guarantee opti-
mal alignment.

Align to Reference can also be used to align cDNA clones against a
genome sequence. The steps are similar: use the genomic sequence as
the reference, then add one or more cDNA clones to the alignment.
Again, these can be chromatogram files. Now choose the cDNA Align-
ment algorithm when you Align. This is tuned to expect large insertions
representing the intronic regions.

See Chapter 16, “Aligning Sequences to a Reference”” for more infor-
mation.

Pustell Matrix Analysis (Dot Plot)

This tool is useful for identifying weak regions of similarity between
two sequences. It is not designed to show full-length alignments
between two sequences, but instead shows shorter segments of direct or
inverted similarity.

You can use this to identify shorter regions of similarity, then copy
those sections to new Sequence windows for more in depth analysis
using Multiple Sequence Alignment or Align to Reference.

Dot Plots are also the best way of identifying sequence rearrangements
— the display clearly shows insertions and deletions (the main diagonal
will be broken and have an offset) and inversions (the inverted diagonal
will run bottom left to top right and be colored blue).

Finally, you can use it to identify repetitive regions which appear as par-
allel diagonals offset from the main diagonal.

Pustell Matrices can be used not only to compare DNA:DNA and Pro-
tein:Protein, but also DNA:Protein, where the algorithm will translate
the DNA in all 6 frames before aligning to the protein.

See Chapter 15, “Comparing Sequences using Pustell Matrix Analysis
(Dot Plot)” for more information.

Internet BLAST

Use this tool to identify and align a test sequence to the databases at the
NCBI using the popular BLAST algorithm. It also provides a quick and
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easy method for retrieving sequences from a BLAST search. Simply
select a hit in the BLAST results and then choose Database | Retrieve to
Disk Or Database | Retrieve to Desktop to download the matching
sequence from the NCBI.

See Chapter 14, “Aligning and Downloading Sequences with BLAST”
for more information.

Align to Folder

This tool allows you to scan a local folder containing sequences (in any
format MacVector can recognize) and align them using the FastA align-
ment algorithm. Using Align to Folder is similar to performing a local
BLAST search but it is more sensitive.

Like the Pustell Matrix, you can choose to search DNA with Protein and
vice versa.

Many users like this function because the text alignment output also
shows the features in the test sequence. This can be very useful for dem-
onstrating the differences between your sequence and other sequences
for patent purposes.

See Chapter 13, “Aligning sequences using a folder search” for more
information.

Contig Assembly

This requires our optional Assembler add-on. Use this tool if you want
to align ten or more DNA sequences, with the intention of assembling
them into a longer sequence with a consensus.

Contig Assembly allows you to create de novo assemblies, in which no
reference or scaffold sequence is used, using Phrap and reference
assemblies using Bowtie.

While you can use Assembler for resequencing, you should consider
whether the Align to Reference function might be a better choice. In
general, Align to Reference is better for small-scale sequencing projects
such as confirming constructs, site directed mutagenesis, etc. Whereas,
Assembler should be used for larger resequencing projects, like those
with more than a few megabases of template, multiple templates or
more than a few thousand reads (e.g. NGS data).

See Chapter 19, “Sequence Assembly”” for more information.

250

MacVector User Guide



c
o

€ =
] 3 Aligning sequences using a folder
< search

Overview

The Align to Folder feature allows you to search on sequences stored in
a single folder, and enables you to:

= search folders to see if any sequences in those folders have a
match to the active sequence

= search folders to rank the sequences in those folders by how
closely they are related to the active sequence

= search folders to find DNA sequences that, when translated, match
the active protein sequence.
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Aligning sequences using a folder search

The scoring matrix pre-filter

MacVector uses a scoring matrix to pre-filter the sequences under con-
sideration. An outline of the scoring matrix and its parameters is pre-
sented in Chapter , “Understanding Sequence Comparisons™. The
match and mismatch scores used in the scoring can be reassigned, or
new scoring matrices can be created and edited. See ““Scoring matrix
files” on page 68, for further details.

When it finds a match, MacVector computes an initial score for the
matching sequence. You have the choice of using this score as a ranking
to reject sequences before alignment. Alternatively, you can perform an
optimal alignment on each sequence that passes a cut-off score, intro-
ducing gaps and indels if required, and calculate an optimal score to use
as the basis for acceptance or rejection.

Aligning sequences in a folder
User folders may contain files in any format read by MacVector.

Search Folder

-Samp]e Files 3 ( Choose... )

ESearch in enclosed folders (recursively)

Options

Hash value: | 6 s Scores to Keep: 30
Processing: | Align |3

Scoring Matrix
DNA database matrix q

Open | Choose... )

el el

Region

1 to 3374 =)

( Defaults ) { Cancel ) ( oK )
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To align sequences using a scoring matrix pre-filter
1. Choose Database | Align to Folder.

The Align to Folder dialog box is displayed.

2. Click choose....

A standard dialog box appears that enables you to locate and select the
folder containing sequence files.

3. Optionally, uncheck Search in enclosed folders (recursively) to
exclude sequences in sub-folders of the selected folder from the
alignment.

4. Choose a value from the Hash value drop-down menu.

The Hash value is a measure of how long an exact match must be
between two sequences before MacVector will attempt to score and
align that matching region. For protein sequences, a hash value of 1 is
the most sensitive, and 2 is the least sensitive. For DNA sequences, a
hash value of 1 is the most sensitive, and 6 is the least sensitive.

Tip. For most comparisons, start with a hash value of 2 for a protein query
sequence, or 6 for a DNA query sequence. This is because it is unusual for two
sequences to possess significant similarity without having regions of those sizes
that match exactly.

5. Enter the number of matching sequences to retain in the Scores to
Keep text box.

If the program finds more matches than this, the list will be trimmed by
dropping sequences with the lowest scores.

6. Choose from the Processing drop-down menu whether an optimal
alignment should be done on-the-fly or at the end of the database
search, as follows:

= choose None to save the sequences in order of the initial score. If
more matches are found than you wanted to keep, the sequences
with the lowest initial scores are dropped. At the end of the search,
MacVector performs an optimal alignment of each of the saved
sequences with the query sequence. Indels and gaps are introduced
if they will improve the optimized score. The matches are then
listed by optimized score in the results windows.

= choose Align to perform an optimal alignment for any sequence
whose initial score exceeds a minimum cut-off score. The match-
ing sequences are saved in order of the optimized score rather than
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the initial score. If more matches are found than you wanted to
keep, the sequences with the lowest optimized scores are dropped.

7. Click choose... in the Scoring Matrix panel to choose a scoring
matrix file.

A standard dialog box is displayed so that you can select the file to use.
Make sure that you choose a protein scoring matrix for a protein query
sequence, and a DNA scoring matrix for a DNA query sequence.

8. You can limit the query sequence to a region of the entire sequence
by typing in the numbers that bracket the region in the Region text
boxes, or by selecting a region from the feature selector drop-down
menu that appears to the right of the text boxes.

9. If you have a protein query sequence, select the Align to DNA check
box to compare the query only to the nucleic acid sequences that are
in the folder.

Search Falder
Sample Files =| { Choase.
# search in enciosed folders irecursively)

Opticns
Hash value: | 2 2] Scores 1o Keep: 30

Processing: | Align 4]
Scoring Matrix
pam2 50 matrix

. Open Choase...

Align to DNA

Note. The Align to DNA check box only appears when you have a protein query
sequence.
Each nucleic acid sequence is translated on-the-fly in all six reading
frames and the resulting amino acid sequences are compared with the
protein query sequence. Do not select this check box if you want to
compare the query with protein sequences.
10. If the Align to DNA check box is selected, use the Genetic code drop-
down menu to choose the genetic code that will be used to translate
the nucleic acid sequences in the folder.
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11. Select oK to perform the alignment.

Alternatively, select Defaults to restore the default settings, or Cancel to
close the dialog box without performing the analysis.

When the analysis is complete, the Folder Sequence Query display dialog
box is displayed. This dialog box is described in the following section.
Displaying alignment results

You can use the Folder Sequence Query panel to filter results and display
the following:

= atext file describing the analysis

= a horizontal map displaying the aligned sequences represented as
horizontal bars

= an aligned sequence display.

Summary Filter Options

o L Entries to show: 1 to 19

Scan Time: 05:00:00.07

Processing Time: 05:00:00.01 Score Region: 1 to 233 @
Matches Saved 19 T
Matches Trimmed: a

Lowest Scare Retained a7 Display Region: 1 to 233 >

Significant a
Probable 1

Display Options
Matches Aligned 19

| Description list
[ Horizontal map

[ Aligned sequences

FVVFBA from 1 to 233 ( Cancel )

To display sequence alignment results

1. The Folder Sequence Query panel is displayed on completion of each
analysis. To display it at other times, for example to change the dis-
play parameters, choose Database | Align to Folder when any analysis
display result window is active.

2. You can limit the displays to a single match or to a consecutive sub-
set of the ordered matches by typing the numbers in the Entries to
show text boxes.

3. You can limit the region that will be scored by typing in the numbers
that bracket the region in the Score Region text boxes, or by selecting
a region from the feature selector drop-down menu that appears to
the right of the text boxes.
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The numbers are with reference to the query sequence.

4. You can limit the region that will be displayed by typing in the num-
bers that bracket the region in the Display Region text boxes, or by
selecting a region from the feature selector drop-down menu that
appears to the right of the text boxes.

The numbers are with reference to the query sequence. The display
region must lie within the score region.

5. Check Description list to display a list of the saved matches in order
of optimized score.

6. Check Horizontal map to display a graphical representation of the
alignments.

7. Check Aligned sequences to display the optimized alignments
between the query sequence and each of the saved matching
sequences.

8. Select OK to generate the results displays.
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The results windows

An example Horizontal Map window is shown below.

s

SC Ram Operon Folder Horizontal Map

1 Analysis for Sequence : SC Rarm Operon
21 DNA database matrix

1 from 1 to 6630 where origin = 1

July 19, 2007

12:36:45

1ze: Folder 'S lividans DNA®

AF139177
£5184831
SLU22894
AFBA36E54
Co418esas
AY223511
NC_884933
AFB72789
86111
AF184899
SLUB3847
Loers3az
122686
78724
11519
STHMXLNB
86113
¥13681
5LU58876
78255
SLUBA826
AF194823
95444
STMAMPERN
X538793
STHMTET
Y1818
XB5556
SLUB4638
AYBA3331

P~
Score Region from 1 to 6630
Maxirmurm possible score: 26520
JBFB 2BPB BBPB sese 6888
fma e mma i e
P o 2 inte i i
-
.
v
. . - .
Residue ignored Matching Gap inserted
to optimize regions to optimize Score

score score

The Description List window shows the locus name of the sequence, its
optimized and initial scores, and the first part of the sequence entry’s
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definition line, if one was present. An example Description List window
is shown below:

eee SC Ram Operon Folder Description List

Description List

gearch Analysis for Ssquence: SC Ram Operon
Matrix: DNA database matr

Search fron 1 to sesd mhers origin = 1 Score Region from 1 to 6638
Date: July 13, 2887 Maxinum possible score: 26528
Time: 13:36:45
Database: Folder 'S Lividans DNA
Sequence Opt. Init.  Description

1. AF139177 20928 11646 Streptonyces lividans asrial myceliun formation gene cluster: Rans

2. C5184831 6184 372 Sequence 4 atent WO2005695501.

3 5198 99 Streplnrrces ‘\v1dans anplifiabl

5885 82 BxlR). BrIE (bxlE).SAXIF (bx1F). -
1 4999 106

6. AV225511 4878 116 ptonyces id Y asiste sedimars.

7. NC_884333 4878 116 Streptonyces lividans plasnid iLr2” Complete sequent

8. AFB72789 4528 186 Streptomyces lividans anplifiable element AUDA: putativeEtranscriptional regula.

9. z86111 4342 118 Streptonyces 1ividans rasP. trnD. rpls, sigd. 31BN, sipV. sipf.rrutl genes and -
180 AF184893 4532 92 ptonyces lividans putative xylose operon regulator CxylR)..xylulokinase (xy_
110 5LUG3847 4364 192 Streptomyces 1ividans respanse regulator horolog gene. c:rpkate!cﬂs and left L_
12, DQE75322 4385 84 Streptomyces lividans sulfur ONA nodification gene cluster. partialisequance.

130 722506 4068 104 idans i protein and ATP synthase genes

13, z78724 4858 96 s. Ividane genee For ORF1. ORED. ORE3. ORFA and ORES.

150 711519 3672 84 5 lividans ONA for transposon Tndg1l.

16. STHXLNB 3568 108 St'eplnﬁyces lividans acetyl-xylan esterase (axeA) and xylanase Ba(xlnB) genes..
17, 2726 92 5 lividans amlC

18. Y13601 2592 130 straptonyces lividins anl gene

130 SLU58876 2528 186 Streptonyces lividans insertion sequence 151372, complete sequence.

20. X78255 2504 S8 5.11vidans of ary gene sncoding alpha-amylase.

217 SLUsAB2E 2285 B8 Sireptonyces ljvidans glutamine phosphoribosyl o R L
22. AF134823 2452 88 Streptonyces lividins felomeric helicase-like protein gene.nconplete ¢

230 x95244 2428 116 5. s Rho gen

34. STHAMPEPN 2328 104 Sireptomyces 1ividans aninopeptidase N gene, complete cds

25. X58793 2228 118 5.lividans cutR gene and cutS gene.

260 STHTET 2220 108 Streptomyces lividans tetracycline resistance protein gene ncomplete

27. viga1g 2228 182 Streptomyces lividans transcriptional regulator and actinorhodinibiosynthetic g
28 X65536 2284 B4 £ Uivdinst AU EIYIThets fant.

29. sLUBAE30 2166 118 Streptomyces lividans alpha-L-arabinofuranosidase {abfA) gene.icomplete cds.

330 AYB43331 2878 88 Streptomyces lividans ebrl repressor {ebrS) and multidruggresistance efflux pro_

4

The Aligned Sequence window shows the residue-by-residue compari-
son of each aligned sequence with the query sequence. And example of
the Aligned Sequence window is shown below:

ene SC Ram Operon Folder Aligned Sequence

Alignment List

Search Analysis for Sequence: 5C Ram Operon
Matrix: DNA database matrix

Search from 1 to 6638 where origin = 1 Score Regicon from 1 te 6638
Dat July 19, 2887 Maximum possible score: 26528
Time: 13:36:45

Database: Folder "5 lividans DNA

18 8 58 68 78 ae a8 pL:1:]
SC Ram Ope CGCATCCCCTAACCCAGGCACCTCCCCLCGEELECACAGETCEAACCACCAGCCETACTCCECACCCCLCAACTCCETCACCACCTCCETETCCLCELCETC
T ACCCCAT TG LT G LA GGG T CCACCT TELTCLTCCCCATCAGCCCTCLLLCLTTCAGCCACTCLTELAGCCACAGLCLLCELAL

AGETC
2. £5184831 17888 17798 17788 17778 17768 17758
[ 6184 ] <CATCCCCTTCAC-CTCCCAG-TAGET - CLAGCEL-AG-CTTEC-AGCCCCCETCCATCACCATETTECCETCCLATECCLCELETEL
SC Rom Ope thellaletlelolectlebacbbicbabelatablebelabrcdibatlect thaarltletaccacktitbrartittitent
cc TCC TA
3. 5LU22894 488 a1e a8 aze A48 asg LEB
[ 5198 ] GA-CT-GTACCGACTCACA - CTGACAGTGECAGGEAAAGCCCCEEAAAGLEEEL - COATCACCACCCTCTTETCCLTGCTCAT>
5C Ren Ope bhebicbectbbotobhhactboscancthbeborherttbencechbbantritorahtbibbreatbttbebicere
AGETET

|
4. AFB&BE:& 8558 8386 8576 8568 8558 8548 8538 8528 85188588
[ “TCCCGCTECTGLTCEGLGLGE-GLAAGLGE-C-TETTCAGLGAL-A-CGG-ACAAGE - ACGCCCGEAAGCTGAG - GLTCGTCGAGLACGACGLLAAC
L Uy O A A [N

|

SC Ram Ope TOCCCTAACCCACCCACCTCCCCCCEELCCACACCTCCAACCACCACCCETACTCCCCACCCCLCAACTCCETCACCACCTCLETETCCLCELCETC

T

I
5. 00410885 5818 5828 5838 5848 5858 5868|5878 s888 5898
[ 4998 AACTCCCCCATTCCCTCAGCCCCCACCCEECTCTELCCTTTCCE-A-T-TCAA-CTCCCACCTETETCAGAACTCCCELE-AGCAG-CTTC
el [Ny I 1 P b b 1 [N |
SC Ram Ope AACCGAGGGALGTEECGLEEECEEACAGETEEAACCALGAGLEETACTCEECACCCEEAAL TCEETEACCACGTCEETETCECOGECETL
CcT A TA
I
6. AY225511 1568 2588 2598 | |2628 2638 2648 2658
[ 4870 EEEETEA EEETEAEEETAEAIL!LLLLLAE EEEEATA!thhththhhthlLAEEEEAllLthhllhlLthhthhLAATEEAEAEETA>
[T [

R
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Additional information

The exact appearance of this window is controlled by options on the
Aligned Display preferences dialog box, accessed by choosing Macvector
| Preferences from the menu, then clicking the Aligned Display icon on
the preferences dialog. See “Formatting the Aligned Sequence view’ on
page 41, for further details.

For any sequence in the folder, only one match can be reported. If a
folder sequence yields more than one match to the query sequence, only
the best match is shown in the results window.

Searching Align to Folder results

The Results search available on the Find dialog box enables you to find
specified text within the results windows from analyses such as Align to
Folder. See “Searching results on page 51.

Additional information

When searching a user folder, there are certain very rare situations that
would cause MacVector to treat some protein sequence files in the
folder as if they were nucleic acid sequences and vice versa. This is
because of the way that MacVector differentiates sequence types. If a
sequence file contains no information about the type of molecule
present (this occurs with line or old-format GCG files), MacVector
attempts to classify the sequence by counting the number of A, C, G, T,
and U characters and non-printing ASCII characters in the first line of
the sequence data. If any non-printing ASCII characters (null characters
or control characters) are found in the first line of the sequence data,
MacVector assumes that the file is not a sequence file and will not
attempt to compare it to the query sequence. If there are no non-printing
characters, it checks to see if the count of ACGTU characters exceeds
90 percent of the total characters in the line. If so, the sequence is
assumed to be a nucleic acid sequence. Otherwise it is considered to be
a protein sequence. If any of the protein sequences in the user folder you
are searching are line or GCG files, and have an unusual amino acid
composition (abnormally rich in alanine, cysteine, glycine, or threo-
nine), they may be mis-tagged as nucleic acid sequences. Alternatively,
if there are any nucleic acid sequences present that contain an unusually
high percentage of ambiguous base assignments in the first part of the
sequence, they may be misclassified as protein sequences and thus not
compared with the query sequence. Such misclassifications will proba-
bly occur only for very short sequences with unusual compositions.
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Overview

MacVector enables you to use the BLAST (Basic Local Alignment
Search Tool) heuristic search algorithm to search sequence databases
available on the National Center for Biotechnology Information (NCBI)
server, to find sequences that are similar to either nucleic acid or protein
query sequences.
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Aligning and Downloading Sequences with BLAST

Introduction

Currently, homologs to a query sequence can be determined using the
following search types:

= BLASTN - compares a nucleotide query sequence against a nucle-
otide sequence database.

e BLASTP - compares an amino acid query sequence against a pro-
tein sequence database.

= BLASTX - compares the six-frame conceptual translation prod-
ucts of a nucleotide query sequence (both strands) against a pro-
tein sequence database.

= TBLASTN - compares a protein query sequence against a nucle-
otide sequence database dynamically translated in all six reading
frames (both strands).

e TBLASTX - compares the six-frame translations of a nucleotide
query sequence against the six-frame translations of a nucleotide
sequence database.

All of the above search types use the newest BLAST algorithms
(BLAST 2; Altschul et al. 1997). All except TBLASTX offer gapped
alignment searching. Because they yield more biologically meaningful
results, gapped searches are enabled by default.

These BLAST search programs ascribe significance to their findings
using the statistical methods of Karlin and Altschul (1990) or (1993).
For a discussion of basic issues in similarity searching of sequence data-
bases, see Altschul et al.(1994); for information about the BLAST 2
programs, see Altschul et al. (1997).

PSI-BLAST, PHI-BLAST, and 2-sequence BLAST searches are not
currently available.

The BLAST programs have been tailored for sequence similarity
searching, and are not generally useful for motif style searches.

The BLAST analysis also enables you to:

= extract matching sequences from the database to the desktop, or
save them to a newly created folder on your hard drive;

= extract the annotation and features table sections of the sequence
homologs that you have identified;

= extract PUBMED abstracts from your sequence homologs and
save them to a newly created folder on your hard drive.
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Note. NCBI request that authors should cite Altschul et al. (1997) when report-
ing results using gapped BLAST searches.

Using the BLAST searches

MacVector can directly perform BLAST searches of the sequence data-
bases available on the NCBI server over the Internet.

Refer to Appendix A, “Setting up NCBI's Entrez and BLAST Services”,
for details of setting up the Internet access.

To perform a BLAST search, a nucleic acid or a protein Sequence win-
dow must be the active window.

The query sequence cannot exceed 100,000 residues. If your sequence is
longer than this, you will be required to specify a region of the sequence
to be used as the query.

Performing a standard BLAST search

The MacVector interface to the BLAST server has been designed to
give the same results as the NCBI web page interface. To accomplish
this, a standard search is provided on a dialog box with few options.

Internet BLAST Search

Program: | blastn I:] [ More choices |
BLAST Parameters
Database: | nr I$] Expect: | 10 ™

E[Per‘form gapped alignment

Region: from | 1 [to 4361 EEJ [fDeFauIts:W I:Canceljl ( oK )

To perform a standard BLAST search
1. Choose Database | Internet BLAST Search.

While the connection is being made to the NCBI server, an information
box is displayed. The Internet BLAST Search dialog box is then dis-
played.

Note. If any part of the connection process fails, an appropriate error message is
displayed and the entire BLAST search is aborted.

2. Choose a search program from the Program drop-down menu.

MacVector only displays program options relevant to the current query
sequence type.
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3. Choose a database to search from the Database drop-down menu.

MacVector only displays databases relevant to the current search pro-
gram you have requested.

4. Choose a threshold score for the BLAST search from the Expect
drop-down menu.

Lower Expect thresholds are more stringent, leading to fewer chance
matches being reported.

5. If you do not want a gapped search, click in the Perform gapped align-
ment checkbox to deselect this option.

6. You can limit the query sequence to a region of the entire sequence.
One way to do this is to type, in the Region text boxes, the numbers
of the first and last residues in the region. Another way is to select a
region from the feature selector drop-down menu to the right of the
text boxes.

7. Click More choices to expand the dialog box and modify the default
settings.

The extra settings are described in “Performing an advanced BLAST
search” on page 265.

Note. If a Fewer Choices button is displayed, the expanded form of the Internet
BLAST Search dialog box is already displayed.

8. Select oK to perform the BLAST search.

Alternatively, select Defaults to restore the default settings, or Cancel to
close the dialog box without performing the analysis.

An information box indicates the elapsed time since the BLAST search
was started, and the estimated time for the completion of the job. You
can click close to dismiss this dialog. Once dismissed the progress of
the Blast job can be monitored in the Job Manager. See Appendix B,
““Using the Job Manager” for more details about the Job Manager.
There is also a stop button which will cancel the BLAST Search.

When the search is complete, the Stop button changes to view.

9. Click view or use the Job Manager to access the results of the com-
pleted BLAST search.
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Performing an advanced BLAST search

MacVector enables you to change the standard BLAST search options,
by expanding the Internet BLAST Search dialog box.
Internet BLAST Search

Program: | blastn I:] ( Fewer choices ]

BLAST Parameters

Database: | nr F4] Expect: [10 5=

E Perform gapped alignment

Gap cost: |5 == ! Extend cost: |2 [ X-dropoff: [ 50 == ]
Matrix: | BLOSUMG2 e ! ™ Low complexity filter

Cenetic code: | Standard or Universal

Qutput descriptions: [ ] Sorted by: pvalue !

Region: from |1 |to [4361 | E}j (Defauits\ (Cancel\ ( Ok 3

To perform an advanced BLAST search
1. Choose Database | Internet BLAST Search.

While the connection is being made to the NCBI server, an information
box is displayed. The Internet BLAST Search dialog box is then dis-
played.

Note. If any part of the connection process fails, an appropriate error message is
displayed and the entire BLAST search is aborted.

2. Set the Program, Database, and Expect values, as described in “To
perform a standard BLAST search’ on page 263.

3. Click More choices to expand the dialog box.
The dialog box expands to show additional options.

Note. If a Fewer Choices button is displayed, the expanded form of the Internet
BLAST Search dialog box is already displayed.

4. The default setting is to perform a gapped alignment. If you do not
want this, click in the Perform gapped alignment check box to dese-
lect this option.

5. Set the gapped alignment controls as required (these will be disabled
if you deselected Perform gapped alignment in the previous step):
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= Use the Open cost drop-down menu to choose a penalty value for
inserting a gap
A high value will favor alignments with as few gaps as possible
(range 3 - 19, default 11)

= Use the Extend cost drop-down menu to choose a penalty value for
extending a gap
A high value will favor alignments with many short gaps over
ones with fewer longer gaps (range 1 - 3, default 1)

= Use the X-dropoff drop-down menu to choose a criterion for dis-
carding initially unpromising alignments.
Lower values will give faster searches, but may miss some signifi-
cant matches (range 15 - 50, default 50).

6. Choose a scoring matrix for the BLAST program from the Matrix
drop-down menu.

Note. This item is disabled if the BLASTN program is selected in the program
drop-down menu.

7. Select the Low Complexity Filter check box to enable filtering.

This feature uses sequence similarity to mask regions that are non-spe-
cific for protein identification. It can eliminate spuriously high scores
that reflect compositional bias rather than specific pairwise alignment
(e.g., hits against proline-rich regions or poly-A tails). Queries searched
with the BLASTN program are filtered with DUST. Other programs use
SEG.

8. Choose a genetic code from the Genetic code drop-down menu.
This is the code used to translate the query sequence, and defaults to the
standard universal genetic code.
Note. This item is only enabled if the BLASTX program is selected under the
program drop-down menu.

9. Choose a value from the Output descriptions drop-down menu to
restrict the number of short descriptions of matching sequences
reported.

10. Use the Sorted by drop-down menu to control the order in which
database sequence matches are reported in the output from a BLAST
search:

= choose pvalue to sort from the most statistically significant to the
least statistically significant
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= choose count to sort from highest to lowest by the number of High
Scoring Segment Pairs (HSP) found for each database sequence

= choose highscore to sort from highest to lowest by the score of the
highest scoring HSP for each database sequence

= choose total score to sort from the highest to the lowest by the sum
total score of all HSPs for each database sequence.

11. You can limit the query sequence to a region of the entire sequence.
To do this, type in the numbers that bracket the region in the Region
text boxes, or select a region from the feature selector drop-down
menu that appears to the right of the text boxes.

12. Select oK to perform the BLAST search.

Alternatively, select Defaults to restore the default settings, or Cancel to
close the dialog box without performing the analysis.

An information box indicates the elapsed time since the BLAST search
was started, and the estimated time for the completion of the job. You
can click close to dismiss this dialog. Once dismissed the progress of
the BLAST job can be monitored in the Job Manager. See Appendix B,
“Using the Job Manager” for more details about the Job Manager.
There is also a stop button which will cancel the BLAST Search.

enn A25873 blastp nr

Status: Waiting

Estimated time remaining 1m 22s

You can close this dialog and track  Elapsed time: 185

progress using the Job Manager ——
(see the Windows menu) [ Stop | @
—

Note. At the conclusion of a BLAST search, matching sequences are not auto-
matically retrieved from the remote NCBI server. If you want to perform addi-
tional analyses on matching sequences, you must first retrieve them. See
“Retrieving matching sequences™ on page 270, for further details.

When the search is complete, the Stop button changes to view.

13. Click view or use the Job Manager to access the results of the com-
pleted BLAST search.

This is described in the following section.

MacVector User Guide

267



Aligning and Downloading Sequences with BLAST

Displaying BLAST search results

You can use the BLAST Search Results display dialog box to filter results
and display the following:

= atext file listing the search results
= atextual aligned sequence display

blastp Search Results

A25873 from 1 to 448...
Display options

Database: nr
Residues: 2 020,209 349
Entries: 18,432,973 ™ Description list

Entries to show: |1 to 100
Best E value: u}
Highest Score: 2430 y

IE‘IAIlgnEd segquences

Expect: 10 - .
e s aed: 100 Entries to show: |1 to | 100
Matches Aligned: 100

| Cancel | | QK |

A few statistics of the search are displayed in the statistics panel on the
left side of the dialog. These include the name, size and build date of the
database used. Below these are the best scores that were found, in par-
ticular the best (i.e. lowest) SumP(n) and the largest score obtained by a
single high-scoring segment pair. Finally, the value of the expect param-
eter is shown, and the number of matches that were saved and aligned
for viewing in the Description list and Aligned sequences windows.

To display BLAST search results

1. Ensure that the BLAST Search Results display dialog box is dis-
played.

This dialog box can be displayed by clicking view on the internet BLAST
Search dialog box after a search has finished. Alternatively, click view
on the appropriate job in the Job Manager to display the BLAST Search
Results display dialog box.

2. Select the Description list check box to generate an annotated list of
the matching sequences, numbered in the order that was specified in
the Sorted by search parameter.

Note. If you want to save matching sequences to a new folder, or open sequence
windows for them, you must generate a description list.
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