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Introduction

We are constantlreleasing new versions of MacVector with new and
improved functionality Thisvorkshopaims to bring longerm MacVector
users up to speed with the latest functionality added to MacVector so you
can see how it may benefit your everyday workflows.

Workshop
MacOS Mojave Dark Mode

MacVector 175 has had a large number of minor graphical enhancements
madet o better support the new fADar k Mod:
macOS Mojave (macOS 10.14nd first supported in MacVector 17.0

If you are running macOS Mojave, op&pple | System Preferencasd
click on theGenerabption. Click on thédarkappearance icon to enabl
ADar k Modebo

General

Appearance:

Accent color:
Highlight color: Blue

Sidebar icon size: | Medium

Automatically hide and show the menu bar

The display updates so that all the windows have dark backgrounds with

light text. MacVector not only supports the darkkgrounds, but many of

the i cons have been modified to that t
dark mode.

What 6s New in MacVector 4
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o ¥4 SequenceSample.nucl — Editor

ﬁ . ) -E|v o v o aciey E 24 v %

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

GAAAAAAAAC AAAGCACATG ACACTTATAA TTATGCAAAG AATCAACTTG TATTAATTGG CGATAAAAAT AAAAGTTATA CCTCTGTAAA AGATTTAAAT
CAAAACGACA AACTCGCACT AGGACAAATA AAAACAGTGC CTGCTGGTAA ATATGCAAAA CAATATTTAG ATGATCAACA TTTATATGGT GATGTTAAAG
ATAAAATTAT TTTTGCTAAA GACGTAAAAC AAGTATTAAA TTATGTGGAA AAAGGAAATG CACAGGAAGG ATTCGTTTAC AAAACAGACT TATATCAACA
AAAGAAAAAA GCAAATAAAG TTAAAGTCAT CGAAGAAATT AAATTAAGCA AACCAATTAC TTATAAAGCA GGTGCAACTT CAGATAAAAA ATTAGCTAAA
GAATGGATTA ACTTCTTAAA ATCTAATAAA GCTAAACAAA TTCTTAAAGA ATATCAATTT TCTGTATAAG GAGTTCAGAG CTATGCCTGA TTTAACGTCC
TTTTGGATTT CTTTTCGTGT TGCTTTAATC AGTACAATGA TAGTTACTAT TTTTGGCATT TTGATTTCTA AATGGCTATA CAATAAAAAA AGATATTGGG

TAAATCTATT AGAAAGTTTT ATCATTTTAC CAATTGTGTT ACCACCTACT GTCCTTGGTT TTATACTATT AATTATATTT TCAACAAGAA GTCCTGTAGG

Not every window in MacVector fully responds to Dark Mode. In

particular, thevlaptab always reflects the absolu@lors you set in the

Symbolseditor. If you plan on using Dark Mode for most of your work,

you should use thiacVector | PreferencesMapView-> Change Default

Symbol Appearandanction to modify the colors for e.g. thiéle Sequence
andRuleroptions.MacVector 17.5 has some additional enhancements to

better support switching between Light and Dark modes. For example, the
defaultsfot he chr omat ogram col ors automatic
traces are black in Light Mode and white in Dark Mode.

OpenApple | System Preferencasd click on th&enerabption. Click on
theLightappear ance i con to return

Restriction Enzyme Picker

A new feature in MacVectas theRestriction Enzyme Pick€RE Picker).

Open any DNA sequence. This example uses
/Applications/MacVector/Tutorial Files/Align to

Reference/Sequence Confirmation/SequenceSample.nucl but any
DNA sequence will suffice. Switch to tivaptab.

TheRE Pickewindow opens;

What 6s New in MacVector 5
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RE Picker
Filter File

O—O Cuts: >=1and <=8

n ¢ Common Enzymes.renz
Size: Any Y bt

End structure:  Any y Open Set Enzyme File...

Reset Filters Save current set of Enzymes...
? Select All Deselect All Defaults

Acc65l Accl Acil Acll Aflll Aflll
Apall ApeKI Apol Asel att*2 att*3

Aval Avall Banl BbvCl Bell Bcll-DAM

Bfal Bglil Blpl Bme1580I BmgBI Bpu10l
BsaAl BsaBl BsaJl BsiHKAI Bsml BsoBI

Bsp12861 BsrBI BsrFl BsrGl Bsrl BssKI

BssKI-DCM BstAPI BstBI BstEll BstNI BstUI

BstY! Bstz171 CRISPR-left (| Dpnl Dpnll Dpnll-DAM
Dral Eael EcoRV Fnu4HI Fspl Haell

99 Enzymes match criteria with 19 selected. 239 locations match these enzymes.

By default, the window is quite large and can get in the way while you are
trying to view or manipulate thdaptab.

Sample.nucl

2
A

Click on theRE Pickebutton on theviaptab toolbar: s °

TheRE Pickemwindow closes and the icon changes to indicate it is

PTTTVervion

hldden; RE Picker [

Click on theRE Pickebutton again to show tHeE Pickerwindow.

TheRE Pickershows an interactive list of restriction enzymes. Only those
that are shown in the table and checlestlisplayedin the Maptab.

Slide the right slider of th€utscontrol and watch thi&laptab.

Both theRE Pickerand theMaptab update to reflect the changes. Map
tab always showonly those enzymes that &@thvisible in theRE
Pickerand that are selected.

Click on theDefaultdbutton. This resets tHeE Pickerto its initial
default settings. Now click the checkbox next to Bud! item.

The single Bglll site at 1,844 ®equenceSample hides and shows as you
toggle the checkbox.

Slide both the left and right sliders all the way to the left.

TheCutsl a b e | should now indicate A0O0.

RE Pickerare all those in the default restriction enzymetfile do NOT
cut the target molecule.

ClickSas e curr ent srdtsave fo yaundeskioe with the
NameNon- cutters.enz

So, we now have a file that contains all of the enzymes that do not cut
SequenceSample . Lets put this to use analyzing a different sequence.

New in MacVector 6
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Open the filgApplications/MacVector/Sample
Files/pBR322.nucl . Make sure th&aptab is active.

Immediately we see the enzymes present in pBR3Rfjuhe default
settings.

Click on theSet enzyme fileutton and navigate to select then-
cutters.renz file you saved earlier.

TheRE Pickemow just shows those enzymes that did not cut
SequenceSample and thepBR322 Maptab refreshes to show those that
were originally selected.

® # pBR322.nucl — Map
SZ = — B
&Y . 1 0 s
g & a 7 2 & =5 »
DNA Locked Text View Prefs Replica Topology Graphics RE Picker Range
Editor Il Map J Features [ Annotations

Nael (403) 1/4
Narl (414) 1/4

R j
BN Narl (435) 2/4

8, Nael (771) 2/4

5

@

2 Nael (931) 3/4
S
?

2
@

pBR322
4361bp

———Narl (1206) 4/4

—Nael (1285) 4/4

This is just onesimple example of the power to be easily able to create
and manipulate subsets of enzymes to help identify those that are useful
for different cloning strategies.

Click on theDefaultshutton in theRE Picker

ThepBR322 Maptab once again refreshes to display many more enzymes
and we see that the enzyme file is once again sginteon Enzymes.
When you set an enzyme file as we did above it affects only the current

sequence document.yibu want to change the default settings used by the
RE Picker do this;

Selecttheac Vect or | mePu iem and elickcon shdcan DNA
icon, then on th&estrictiorSitestab.

What 6s New in MacVector 7
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[ ] Scan DNA

l‘;dﬁ/@m"—ii ] @®

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

Scan DNA Sequences for...

Missing Features ~ Open Reading Frames  Primers W

Show restriction sites

N Do not scan if

# Common Enzymes.renz < B 200 KB
sequence is over
Open Set Enzyme File... Maximum number 8
of cut sites

Use all enzymes
°On|y use selected enzymes

This is where you can set the default starting parameters fREH&cker
If you make changes here, you will need to (a) pressgplybutton or
close the dialog, then (b) click on tR& PickermDefaultsbutton to force a
refresh of any open documents.

Outlining Shared Domains in Aligned Sequences

Wh at

(OS]

Multiple Sequence Alignmestow retain feature information from their
individual input sequences and can use this information to outline shared
domains in the aligned sequences. To use this feature, first individually
annotate the sequences you want to align, make sure the ddeasdinss

you are interested in are visible and setritieolor to the color you would
like to see in the alignment. Then add the sequences to a multiple
sequence alignment document and align in the usual way (or, keep the
single sequencadocuments open and chodsealyze | Align Multiple
Sequences Using..Jhen click on thélodetoolbar button (shown below)

and selec8how Features

® [ WP_125627883.1 (WP_125627883) Alignments — Editor
Q) s = AT _ I AGCT
S (EY e = ¢ @@ T
Unlocked Mode Add Segs Align Phylogeny Consensus Prefs Replica Blocking Dots
_1 Editor J Text J Pairwise J Matrix J Picture J Guide Tree

|WP_122620...122620685} |

|wP_153176...153176890} |

|wp_os1441...061441281} | [E[c]L[T[c[P[EIBI /R[] ] LIVIVIL[ATE]A IR [v]. IR~ ]
consensus  [E[c]L[[cPIBBICIRIATAL [ - IR¥c IR [vIvIL A 7]~ TR c]v]- IR AJF]

116 126 136 140
|wp_125627...125627883} | - [fL]x[T[AlvIT]v] A< JEIRIE] BRI [V A [ I ]~ [Pl [E TR - [<]
|wp_133885...133885306} | - [ [T[AlvI]v] A JEIRIE] BRI [V Al [ Blc]ATA M Pl [FTIRIE <]
|wp_122620...122620685} | - [fL ][]V IT]v] A JEIRIE] BRI [V Al [ I ]~ [Pl [E TR L [<]
|wp_153176...153176890} | - [ [T[AlvIT]v]~ < [EIRIE] BRI [V Al [ I ]~ [Pl [E T IRIE] - [¢]

VISTIVIANKG EIL TILITIVIAILIL M GIA MM IPIL ITIT LIG

,_,
5
>
|
=

|wp_o61441...061441281} | L
consensus  ML[1IT

>
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This turns on a simple feature display mode inBtigortab where you can
see the extent and color of the features. When you switch Rictihestab,

you WI|| see colored outlines around the shatedhains;
WP125627883.1 (WP_125627883) Alignments — Picture

= - ACGT '—l‘ AGC
= =V o Acer @ AceT

Unlocked Align Phylogeny Consensus Prefs Replica Dots

Editor 1 Text l Pairwise 1 Matrix 1 Picture J Guide Tree J Profile
WP_061441281.1 {WP_061441281} [MVRIVVVHDEKLLRSALVQLLRSD|S[TLEVSPQCJADA[TR[PEGDAL PA
MVRIVVVHDERLLRSALVQLLRSDDTLEVSPQCPDA . . PEGEALPA

60 70 80 90
WP_125627883.1 {WP_125627883} VDGECLTGPDDGRAALLRDRYGDRLVVLATAKRPGVLRRAFDGGAL
WP_133885306.1 {WP_133885306} VDGECLTGPGD RARCJGDRLVVLATAKRPGVLRRAFDGGAL
WP_122620685.1 {WP_122620685} VDGECL@GPDD RYGDRLVVLTAKRPGVLRRAF@GGAL
WP_153176890.1 {WP_153176890} |[VDGECLTG P D[G| RAALLR RYGDRLVVL|T[TAKRPGVLRRAFDGGAL
WP_061441281.1 {WP_061441281} |[VDGECLTGPEDGRAALLR/DRYGDRLVVLATAKRPGVLRRAFDGGAL
VDGECLTGPDDGRAALLR . RYGDRLVVLATAKRPGVLRRAFDGGAL

U|>D>|

110 120 130 140

WP_125627883.1 {WP_125627883} KNAPAURL ITAVHTVAKGERELDETLTVALLKGAEMPLTTRELGVL
WP_133885306.1 {WP_133885306} [KNAPAHRLI TAVHT VAKGERFL DETLTVALL.GA@ PLTTRELGVL
WP_122620685.1 {WP_122620685} [KNAPAHRLI TAVHT VAKGERFLDETLTVALLKGAENPLTTRELGVL]
WP_153176890.1 {WP_153176890} [KNAPAHRLI TAVHT VAKGERFLDETLTVALLKGAENPLTTRELGVL
WP_061441281.1 {WP_061441281} KNAPA|E|RL ITAVHT VAKGE {FLDETLTVALLKGA,(SE PLTTRELGVL
KNAPAHRLTTAVHTVAKGERFLDETLTVALLKGAEMPLTTRELGVL

160 170 180 190

WP_125627883.1 {WP_125627883} [QGAP IAEIAARLHLSRGTVRNYLATAVRKVGARNRVDAIRI VQSAG
WP_133885306.1 {WP_133885306} (QG[S|P I AEIAARLHLSRGTVRNYMATATRKVGARNRVDAIRI|JQSAG
WP_122620685.1 {WP_122620685} |QGAP IAEIAARLHLSRGTVRNYMATA|IRKVGARNRVDAIRI VQSAG

WP_153176890.1 {WP_153176890} |QGAPIAEIAARLHLSRGTVRNYLATAVRKVGARNRVDAIRI VQSAG
WP_061441281.1 {WP_061441281} |QGAP IAEIAARLHLSRGTVRNYLATAVRKVGARNRVDAIRI IQSAG

The key to this functlonallty is that the individual sequence must be
annotated atal of time in a single sequence document, before being
added to the alignment. The colors are taken fronfritheolor of the
graphical representation of the feature. In addition, to be considered
Asharedod, the features rassamme be of
displayed label.

Gibson/Ligase Independent Cloning

MacVector 17 introduced a new projdssed interface for designing and
documenting Gibson assembly and ligasdependent cloning
experimentg e. g. the popul.ar Al nfusiono

For this examplewe will ask MacVector to design a pair of primers so

that we can clone a fragment into a vector. While many Gibson Assembly
projects might have all of the required fragments be generated by PCR,
you can also often just provide a microgram or so of linedrvector as

one of the fragments, and thus you just need two appropriate primers to
amplify atarget fragment.

Creating a Project

What 6s

SelectFile [New | Gibson/Ligasen d e p e n d e n to cieates aenew |
Gibson Assembly project.

You first need to decide what type of project you are planning on. While
you can change this later, it usually easier to do this at the beginning.

New in MacVector 9
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Gibson/Ligase-independent Assembly Type

What is the primary aim of this project:
°I want MacVector to help me design primers for my Gibson Assembly or NEBuilder cloning project.
Choose this option if using 5' exonuclease to cut back fragment ends.
| want to design a Ligase-Independent Cloning experiment. Choose this option if using T4
polymerase or other enzymes with 3' exonuclease activity to prepare fragment ends.
| have already created fragments with overlapping ends and | want MacVector to assemble them.

The approaches are not mutually exclusive. One may change the default mode using the Preferences button at any time.
One can mix the approaches by clicking on the Customize button next to fragments in the cloning project.

? Cancel Create

Make sure you have the fitedsahd T
click on theCreatebutton.

A new Gibson Assembly Projeatindow opens. Notice that tiode

button is set t@ibson If you were designing primers for an Infusion
experiment, you would choose the secon

Untitled — Fragments

R N v 7y v SO
el &' @ ﬁ i@ j Q
Gibson JUnlocked Prefs Replica  Add LIC Vector Add Fragment Assemble Filter
1 Fragments J‘ Primers
Drag or paste a vector here or select an LIC vector from the menu.
Left Junction [EIIEITLIETTEY
The
Fragments
will not
Select a Fragment above to view the junction with the adjacent Fragment. Circularize

This is a primary document window, meaning it can be saved and opened
later with all settings and contents preserved. It is highly interactive
there are many ways you can add fragments you would like to use in the

assembly to the window.

Adding Vectors and Fragments

Letds do a vector first:;

OpenpUC19R.nucl (in the/Applications/MacVector [Tutorial
Files/ GibsonAssembly / folder). Switch to thevaptab. Select the
Smal site.

What 6s New in MacVector 10
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[ JON J # pUC19R.nucl — Map
2. O : ~N D) @ =
e: B8 A2 & \;ﬂ v @’J & == 2273 »
DNA Locked TextView Prefs Replica Topology Graphics RE Picker Digest Ligate Range
Editor Map J Features J Annotations
EcoRlI (2286)
Sacl (2284)
Kpnl (2278)
Smal (2272)
Xmal (2270)
BamHI (2265)
Xbal (2259)
Accl (2254)
sall ( Apall (2505) 3/3

Ndel (2500)

Pull (2378) 2/2
Pvul (2409) 2/2
Fspl (2428) 2/2

Sphl (2245)3

Hindlll (2235) Sspl (183)

Apall (316) 1/3

Dral (410) 1/3

Pvull (2056) 1/2
ZPwul (619) 1/2

3

bl

o

Fspl (765) 1/2

Apall (1562) 2/3

Dral (1102) 2/3

Dral (1121) 3/3

Click again on thé&malsite and carefully drag the selected site ove
theGibson Assembly Projeetindow and release the mouse.

A linearized copy of pUC19, split at tismalsite, appears in the project;

. ® Untitled — Fragments
@ A A ) & )
Gibson Unlocked Prefs Replica Add LIC Vector Add Fragment Filter
| Fragments Primers
PUC19R Smal Flip
mzaga Aﬂ!ﬂ }iclgw
pMBTod Regenerate Smal Site

Regenerate Smal Site

No primer No primer

(No overlap with pUC19R Smal) (No overlap with pUC19R Smal)

Drag or paste fragments here to add them to the list. These can be selections in the Editor or Map
tabs of DNA sequences or items on the Cloning Clipboard. Once you have added all the fragments
and are happy with any primers, click on the Assemble button to create the new molecule.

[PURM=USl Right Junction |
The Fragment
will not
Circularize.

Select a Fragment above to view the junction with the adjacent Fragment.

Note that when you add a vector like this (the core backbone of the vector
with replication origin and selectable marker is always assumed to be the
first fragment in the list), MacVector assumes you will be providing the
fragment as a cut vector, rathbanh as the result of a PCR amplification.

What 6s New in MacVector 11
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Accordingly, each end is set o Primer, indicating that the fragment

wi | | be accepted fias is0. That means t
to the project, MacVector will generate primers with extrag taik to

make sure they overlap the ends of the vector with enough residues to

. h now,;
OpensequenceSample.nucl  (in the at oW,

/Applications/MacVector [Tutorial Files/ GibsonAssembly /
folder). Switch to théMaptab. Select the yellow ORF 1 graphic, hold
down the mouse butbtoand carefully drag the item onto the second
pane in the Gibson Assembly window.

The display updates with the ORF 1 open reading frame in the second
pane. However, MacVector has also automatically calculated suitable
primers that could be used to amplify the ORF 1 open reading frame and
provide an overlap with th&éma digested pUC19Rector backbone.

. @ Untitled — Fragments
20 ' e e ) ~
Gibson Unlocked Prefs Replica Add LIC Vector Add Fragment Assemble Filter
Fragments Primers
PUC19R Smal Flip
lacZalpha AmpR lacZalpha,
Regenerate Smal Site pMBToR Regenerate Smal Site
No primer No primer
(20nt overlap with ORF 1) (20nt overlap with ORF 1)
Tm = 62.3°C ORF 1 Flip Tm = 52.6°C
Ta =515°C Ta =51.6°C
GC =44.4% GC = 40.0%
Ln =38nt c ORF1 Ln =40nt
5'-gtcgactctagaggatccccATGLCTGATTTAACGTCC-3"
Automatic Primer Automatic Primer
3'-GCAAATCCCTCCAACTAATTcccatggetcgagettaagt-5'
(20nt overlap with pUC19R Smal) (20nt overlap with pUC19R Smal)

Left Junction [ TINIVIISN]
(20nt overlap with pUC19R Smal)
pUC19R Smal ORF 1

ORF 1-fwd (Tm = 52.3°C) i
5'-gtcgactctagaggatccccATGCCTGATTTAACGTCC-3' (18nt binding)
erLeulisAlaCysArg \
~GCTTGCATGCCTGCAGgtcgactctagaggat C CGTCCTTTT TTTC TC.. \
.CGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGG GCA AG... B J

Tails on Primers

Wh at

(OS]

MacVector adds overhanging tails to the primers to generate suitable

repeats between the ends of adjacent fragments in the final construct.
Because in this case the vector backbo
primers wil be used to amplify it, the primers for the insert fragment have

to have much longer tails (in this case, 20nt) in order to provide sufficient
repeats to enable recombination. Howeyv
the forward primer;

New in MacVector 12
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5'-gtcgactctagaggatccccATGCCTGATTTAAC

Automatic Primer

eexactl yt mmtscehesence for the 36 end of
pMB1 orl Re

Balanced Primer Binding Tms

MacVector also tries to ensure that the forward and reverse primers have a

closely matched Tm to help ensure efficient PCR amplification. In this

case, the forward primer has 18reath bi nd t o the 56 end o
fragment giving it a predicted Tm of 3C,

ccccATGCCTGATTTAACGTCC-3"

éwhereas the reverse primer has been g
but that gives a predicted Tm of just 52.60C, very close to that of the
forward primer;

' -GCAAATCCCTCCAACTAATTccC

JunctiontBucture
The lower pane displays the details of the fragment junctions.

Click in theORF 1panel to select it, then click on theft Junctiortab.

What 6s New in MacVector 13



