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Overview

The tutorial will show you how to use MacVector to create new plasmids
by replicating cloning experiments that you might perform in a practical
laboratory. This tutorial focuses on the common restriction enzyme based
approach, but there are sections discussing Gateway and Gibson cloning
techniques too. There are two main approaches that you can use in
MacVector to create constructs based on restriction enzyme cut sites;

(a) Copy and Paste — this is directly analogous to copying and pasting
sentences or paragraphs between Microsoft Word documents. You
simply select the source fragment, copy, select an insertion point or
section to replace, then choose paste. As MacVector is sticky-end
aware, it will never let you create biologically invalid constructs.

(b) Cloning Clipboard — the second approach is that you use the “Digest”
function to place selected fragments on the Cloning Clipboard. Once
on the clipboard, you can join fragments together by dragging ends
onto each other.

Configuring “Auto” Restriction Enzymes

Whenever you open a DNA sequence, MacVector automatically runs a
restriction enzyme search on the sequence and displays the results
graphically in the Map tab. This dynamic or “auto” restriction enzyme
search is primarily designed to show you the locations of common
enzymes that cut your DNA. There is a more comprehensive restriction
enzyme searching function available in the Analyze menu that can be used
for in-depth analysis of the restriction enzyme sites in DNA. However, the
“Auto” restriction enzyme analysis is often more than adequate for most
basic clone construction DNA manipulations.

Open the files Gal cosmid and pBR322. You will find these in the
/MacVector/Sample Files/ folder. Make sure you have the Gal
Cosmid window front-most, and then click on the Map tab if it is not
already active.

While the default settings are usually sufficient for this tutorial, to ensure
the automatic restriction enzyme searching parameters are set correctly,
let’s make sure our preferences are set appropriately.
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The Common Enzymes file opens in a Restriction Enzyme Editor window.
In this window, you can click on any enzyme name and a check mark
appears next to the enzyme indicating it is selected. For example, if you
click on the BamHI entry, you will see the checkmark toggle on and off.
At the same time, if you look at the pUC19 Map view, you will see the
BamHI site turning on and off as you select/deselect the enzyme.

ece # Common Enzymes.renz
Z 8 /S @ # Q
NA Enzyme Locked Add te Deselect Filter
Name ~ Sequence Comment
e - rrea Prototigeere e O U U U .
Avall-DCM GYGWC .CWGG
Avrll CYCTAG .G Isos: AspA2l, M.Avrll, AvrBII, Binl, BspA2I, XmaJl. Org...
BamHI| GYGATC.C Isos: Aacl, Aael, Acall, AccEBI, Ainll, Alil, Ali122571, Al...
Banl GYGYRC.C Isos: HgiCl, AccB1l, M.Banl, BbvBI, Bme05l, BshNI, B...
Banl-DCM GYGYRC .CWGG
Banll GLRGCY~YC Isos: HgiJll, M.Banll, Bpul, BscMI, Bsp117l, Bsp519I,...
BbvCl CCYTCA L GC Isos: Abel, M1.BbvCl, M2.BbvCl. Organism: Bacillus brevis
Bell TYGATC LA Isos: Abal, AtuSl, BeeDI, M.Bcll, Bco102I, BmeTl, M.B...
Bell-DAM TYGATC LA
Bfal CYTALG Isos: Mael, M.EsaS8l, M.EsaS7l, Fgol, Fisl, FspBI, Mja...
Bglll ATGATC T Isos: M.Bglil, BseB&31Il, Ncrl, NspMACI, Pae2kl, Pae...
Bipl GCYTNALGC Isos: Espl, M.Bipl, Bpu1102l, BpuGCl, Bsp1720I, Celll...
Bme15801 GL.KGCM™C Isos: BseS|, BmgAl. Organism: Bacillus megaterium 1580
BmgBI CACIGTC Isos: Btrl, Ajil. Organism: Bacillus megaterium
Bmti G.CTAG™C Isos: Nhel, Acell, AsuNHI, LiaG2l, M.Nhel, PstNHI. Or...
Bpu10l CCYTNAGC Isos: M1.Bpu10l, M2.Bpu10l, BpuDI. Organism: Bacill...
BsaAl YACIGTR Isos: M.BsaAl, BstBAI, MspYI, Ppusl, Ppuiil, Ppu2il,...
BsaBIl-DAM GATCNINNATC
BsaHl| GRYCG,LYC Isos: Acyl, Ahall, Aosll, AstWI, Asulll, Bbill, BssNI, Bst...
BsaHI-DCM GRYCGC L.CWGG
BsaJl CYCNNG .G Isos: Secl, M.BsaJl, BseDI, M.BseDI, BsoKl, BssgeCl,...
BsaWl WYCCGG W Isos: Betl, Bba178l, Bca77], M.BsaWl, Bst1473I. Orga...
BseYl CYCCAG.C Isos: M.BseYI. Organism: Bacillus species 2521
BsiEl CGLRYYCG Isos: Mcrl, BsaQl, BscNI, Bsh1285|, BstMCI, BstZ5l,...
PasiiieAL PP v bnmm LmiAL AL Al 1L Fasid AL it ETAL Pmm

58 enzymes selected

Make sure the enzymes BamHI, EcoRI, Notl, Smal and Sall are selected
(you can leave others selected as well). You can permanently save your
favorite selections in the file by selecting Save in the File menu.

Using the

Restriction Enzyme Picker

A new feature added in MacVector 17 is a floating Restriction Enzyme
Picker. When a sequence is opened, this is populated with the restriction
enzymes as defined by the default Scan DNA settings.

Click Cloning Tutorial




Click Cloning Tutorial 27 January 2020

Restriction Enzymes

Filter File
O—O Cuts: >= 0and <=8
. £ Common Enzymes.renz
r— Size: Any
ERCE G ~nY m Open Set Enzyme File...
Reset Filters
? Select All Deselect All Defaults Save current set of Enzymes...
attP5 attR1 attR2 attR3 attR4 Avrll BamH|
Banl-DCM Bfal Bglll Blpl Bmt! BsaBI|-DAM BsaHI-DCM
Bsml BspDI BspDI-DAM BspEl BspEl-DAM BspHI BspHI-DAM
BsrGl BstB BstZ17! Bsu36l Clal Clal-DAM CRISPR-rigk
Dral EcoRl @ EcoRV FRT Fsel Hindlll Hpal
Kpnl 4 loxP Mfel Mlul Mscl-DAM Msel Ncol
Ndel Nhel Notl Nrul-DAM Nsil Pacl PaeR7I
Pcil pCR-BLUNT @ Pmel PpuMI-DCM [ Psil PspOMI-DCI [ | PspXI
Pstl pTrix4-R Sacl Sbfl Scal SexAl SexAl-DCM
sfel Sfil-DCM Sfill-DCM Sfol-DCM SnaBl Spel Sphl

110 Enzymes match criteria with 52 selected. 198 locations match these enzymes.

The interface is dynamic, so if you click on the highlighted EcoRI site
above, the checkbox will deselect and any EcoRI sites in the currently
active sequence document will become hidden.

One of the key concepts of the RE Picker is that when a sequence is initially
opened, ALL of the enzymes in the default file are scanned against the
target sequence, not just those that were selected in the original .renz file.
So, you can drag the sliders in the Filter area and all of the restriction
enzymes that are displayed in the RE Picker are those that have the selected
cuts/size/end structure in the molecule. However, only those that have a
checkbox next to them are displayed in the Map view.

You can continue to play with the filter controls and selecting/deselecting
enzymes to suit your needs. However, there are often times when you just
want to get back to the original default set of enzymes.

Click on the Defaults button in the RE Picker window.

This reverts everything back to the initial state, the same as it would be if
you closed the document window and re-opened it.

It should be noted that at any time you can click on the Save current set of
Enzymes button in the REPicker and the currently displayed enzymes are
saved to a new file, complete with their selection status.

Clone Construction Using Copy/Paste

Click Cloning Tutorial

This section will show you how to create constructs using a simple
“Select, Copy, Paste” approach. The basic concept is similar to how you
might approach moving sentences between Microsoft Word documents:
First select the source sentence, choose Copy, then move to the target
document, select the insertion position, or sentence to be replaced, then
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choose Paste. MacVector is “sticky-end” aware and will never allow you
to create invalid constructs. If you try to paste a fragment into an
incompatible site, a dialog will be presented warning about the
incompatibility, but also allowing you to modify the ends if appropriate.

A Simple Single Enzyme Cloning

Lets copy an EcoRI fragment from Gal Cosmid and insert it into the
EcoRI site of pBR322.

Make sure the Gal Cosmid window is frontmost and the Map tab is
active.

You will see a graphical map of the cosmid with the locations of the cut
sites displayed. There should also be a floating palette window with the
title Gal cosmid available. If you don’t see this, look in the Windows menu
and select Show Graphics Palette or click on the Graphics toolbar button.

Click on the Fit to Window button in the floating palette window.

Graphics Palette

[ Linear el
Residues per inch & 3,255.1

Line wrap: Window width "o

= T
GT c i A

Range:  1:28527 (2]

Magnification: 100%

» Results
Ruler
Sequence
Title

(T

The display should resize so that you can see the entire cosmid on a single
line. If you look closely, you will see that there is a red colored ga/K gene
in the middle of the sequence. In addition, there are two EcoRI sites in the
cosmid and they conveniently lie on either side of the ga/K gene.

Click Cloning Tutorial 7
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Click on the first EcoRI site at 13,316. Hold down the <shi ft> key and
click on the second EcoRlI site at 16,089.

The two sites highlight, along with the section of sequence between them.

® 06 # GalCosmid.nucl — Map
2z . B 3 < A : Rt S—
& (1 |1 gl , == ofEm (v Lgy ¥, 13317:1608¢ 53

DNA Locked Prefs Replica  Topology Digest Ligate Magnify Preview Create Edit (2773 bp)

Editor Map I Features [ Annotations

GalCosmid
Xhol (3625) 1/4 Xhol (11853) 4/4
Notl (3499) 1/6 Xhol (11775) 3/4 Notl (15099) 5/6
Stul (2944) 2/6 BamHI (10696) 7/8 EcoRl (16089) 2/2
Pstl (2876) 2/3 BamHI (10660) 6/8 (" Bglil (16346) 2/5
CRISPR-right (2 Notl (9363) 3/6 Stul (17455) 5/6
Kpnl (2175) 2/5 BamHI (9286) 5/8 Bglll (17960) 3/5
Pstl (2164) 1/3 Sacl (9233) 4/6 Kpnl (18678) 5/5
BamHI (1557) Kpnl (8773) 3/5 EcoRlI (13316) 12
L : \ SCE66.20
Bglll (1305)... )CRISPR-right (7279) 2/2  Kpnl (11576) 4/5 )
Stul (1283) 1/. I |Noti (6767) 216 BamHI (11448) 88
' | | : SCE66.22
Sacl (1136).... | Stul (5054) 4/6 Cial (8294) iSacI (12961) 5/6
Kpnl (61... Sacl (4592)3/6 Xhol (8217) 2/4 | Notl (12878) 4/6
o | SCE66.21
BamHi (... | Sacl (4553) 2/6 Stul (21649) 6/6
100 R SCE66.08
BamHi (. Stul (3758) 3/6 Sphl (24682) 1/2
| R | SCE66.19
BamHI J Pstl (22435) 3/3  Bglll (26730) 5/
| SCE66.05 SCE66.07 SCE66.14
Sacl (22933) 6/6 Sphi (277
SCE66.01 SCE66.03 SCE66.09 SCE66.12 SCE66.18

Bglll (23303) 4/5 Notl (2...

»

100 6800 8500 10200 11900 1360

galK galE galT

U I T I T 1
15300 17000 18700 20400 22100 23800 25500 27200

SCE66.13¢ SCE66.24¢ SCE66.26¢ SCE66.28¢
SCE66.25¢
SCE66.11c SCE66.23 . SCE66.27¢
‘sceee e
SCE66.10¢
4

Choose Edit | Copy

This copies the selected sequence to the clipboard. It’s important to note
that the features on that fragment, and information about the structure of
the ends of the fragment, are also copied. This is the actual sequence of
any overhanging ends, not just the name of the enzyme or the consensus
sequence of its recognition site.

Switch to the pBR322 window. Click on the EcoRI site at 12 o’clock to
select it. then choose Edit | Paste.

You should be prompted to unlock the pBR322 sequence. This is to
prevent you from accidentally modifying an important sequence file.

The display updates to show a new molecule with the EcoRI fragment
from Gal Cosmid inserted into the EcoRlI site of pBR322. If you look
carefully, you can see the two EcoRlI sites flanking the inserted fragment.
Note how all of the features have been included on the copied fragment.
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® [ J pBR322.nucl — Map
b — -
& ’ i == v Lg 5 4360
DNA  Unlocked Prefs Replica Topology Digest Magnify ~Preview Create E eie Range
Editor Map J’ Features

EcoRI (7132) 212

1 (24)

Puull ( BamHi (375)

Sall (6407)5%6  Sall (6738) 6/6 } Fspl (262) 1/4 Sphl (566)

EcoRV (187) | sall (651) 116

Notl (6142) !e""%/,,,
e
Smal (6134) 575

Xmal (6132) 5/5

Fspl (1358) 2/4
Fspl (1456) 304
Sacll (5453) 4/4

Pwull (5384) 213
pBR322
7134bp

9
$

s
2 Pull (2066) 1/3

Apall (2289) 113

Apall (2787) 213

befa.
A / *actamasg gene
> EcoRl (4389) 12/ Dral (3843) 313 Oral (3232) 13
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Lets see what happens if we try to insert the copied fragment into an

incompatible site.

at 375 and choose Edit | Paste.

Choose Edit | Undo. MacVector has essentially unlimited levels of undo,
so you can undo almost any action you make. Now select the BamHI site

A ligation dialog will appear warning you that the fragment cannot be

inserted because the sequence ends are not compatible.

Source Sequence Ends

Flip
© Keep  Fil g:;k © Keep  Fill g;"ék
AATTCCCGTT TTGGGG
GGGCAA AACCCCTTAA
Target Sequence Ends
CCTGTG GATCCTCCTG
CGGACACCTAG GAGGACJ
© Keep  Fil (B::::h © Kesp  Fill (B::::k
Problems
The sequence ends are not compatible.
Ligate Anyway Cancel

The dialog lets you fill or cut back the ends if you wish so that you can
force a blunt-ended cloning. But you can be confident that MacVector will
never let you accidentally create an invalid construct using this Copy-

Paste approach.

Click Cloning Tutorial
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Of course, there may be times when you want the fragment inserted in the

opposite orientation. MacVector has a simple trick for this;

Click on the Cancel button to dismiss the ligation dialog. Click back on
the EcoRI site, hold down the <option> key and click on the Edit menu.

Note how that while you hold down the <option> key, the Paste menu
item changes to Paste Flipped. If you release the <option> key the menu

title reverts to Paste.

Paste Flipped 38V

Select All #BA

Digest ©+3C

menu item

While holding down the <option> key, choose the Edit | Paste Flipped

The display updates to show the fragment inserted in the opposite
orientation. Compare the image below with the equivalent image above.

® [ ] pBR322.nucl — Map
. pa =
g N[ v v [y
Magnify Preview Create ¢

DNA  Unlocked Prefs Replica Topology Digest

4360
Range

Editor Map | Features | Annotations

Hindll (29)
Sacll (7019) 44
Sall (6613)6/6  Smal (6941) 5/5

Xmal (6939) 5/5

/5 Smal (6913) 4/5

Puull (6111) 313

Sacll (6044) 1/4

Fspl (1358) 214
Fspl (1456) 34

pBR322
7134bp

a
£ Pyull (2066) 173

Sall (5084) 3/6 Apal | (2289) 113

Sall (4753) 2/6

Pyull (4469) 213 A0
. Apall (2787) 273

£ efa,
EcoR| (4359) 172 *actamasg gene
Sspl (4170) Pstl (3611) Dral (3232) 113
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Two Enzyme Directed Cloning

Quite often, you will find it convenient to perform cloning experiments
using two different enzymes. In these cases, the fragment can typically
only be inserted in one orientation, but MacVector understands this and

will automatically “flip” the fragment if required to maintain compatibility
between ends.

Choose Edit | Undo to restore pBR322 then switch back to the Gal
Cosmid window. This time, click on the Xhol site at 11,853, hold down
the <shift> key and click on the Bg/II site at 16,346.

@ [ ] # GalCosmid.nucl — Map
é‘f : @ =M. n = Qv g B 11854:16346
DNA Locked Prefs Replica Topology Digest Ligaie Magnify Preview Create Edit Delete (4493 bp)
Editor Map J Features J Annotations
GalCosmid

EcoRI (16089) 212
" Baill (16346) 215

Xhol (3625) 1/4 Xhol (11853) 4/4 Stul (17455) 5/6
Notl (3499) 1/6 Kpnl (11576) 4/5 " Bl (17960) 3/5
Stul (2044) 26 ) BamHI (10696) 78 (" Kenl (18678) 515
Pstl (2876) 2/3 Notl (9363) 3/6
SCE66.20
CRISPR-right (21... BamHI (9286) 5/8
Kpnl (2175) 2/5 Sacl (9233) 4/6
Pstl (2164) 1/3 Kpnl (8773) 3/5 EcoRI (13316) 1/2
' SCE66.22
BamHI (1557) 4/8 Clal (8294) Sacl (12961) 5/6
Bglll (1305) 1/5 CRISPR-right (7278) 2/2 Xhol (11775) 3/4 N
Stul (1283) 1/6) ” Notl (6767) 2/6 \l BamHI (11448) 88 |
~ o SCE66.21
Sacl (1136) 1/6| | Stul (5054) 4/8 BamHI (10660) 6/8
Kpnl (61... Sac (4592) 36 I Stul (21649) 6/6
N o . SCE66.08
BamHI (... | | Sacl (4553) 2/6 Pstl (22435) 3/3
P ’ SCEB6.19
BamHI (... Stul (3758) 3/6 | Xhol (8217) 2/4 Notl (12878) 4/6 ( Sphl (24682) 1/2
BamHI. | T [ Notl (15099) 5/6 Bglll (26730) 5/5
N SCE66.05 SCE66.07 SCE66.14
Sacl (22933)6/6 [ Sphl (277,
SCE66.01 | SCE66.03 '

s
’ SCE66.09| SCE66.12 ’ | SCEB6.18
P ' . Bolll (23303) 4/5 (NUU(E..

galK galE galT
I
6000 7500 9000 10500 12000 135007 150 16500 18000 19500 21000 22500 24000 25500 27000 28500
SCE66.13¢c SCEB6.24¢ SCE86.26c SCE66.28¢
SCE®6. m‘ .scssazsc -
l SCE86.23 | SCE66.27¢
SCEB6.29¢

SCE66.10c
*

Choose Edit | Copy to copy the fragment to the clipboard. Then switch tor
pBR322, click on the BamHI site at 375, hold down the <shi ft> key

and click on the Sall site at 651.

There are a couple of things to note here;

(1) The sticky end produced by BamHI cleavage (5° GATC —3’) is
identical to that generated by Bg/II cleavage. Because MacVector
looks at the actual structure of the overhang, not the enzymes that
created the overhang, it will recognize that the two ends are
compatible. Similarly, the ends produced by Sall and X#%ol are
compatible.

Click Cloning Tutorial 11
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(i1) The order that you click the two sites is very important. MacVector
always selects moving clockwise around the sequence. In this case
we want to select the segment of the vector that we want to
replace, so we must select BamHI first, followed by Sall. If we
select Sall first, we would be selecting around the main core of the
vector containing the replication origin, so the resulting construct
would not be what we require.

Choose Edit | Paste.

The display updates, inserting the Xhol to Bg/Il fragment between the Sal/l
and BamHI sites of pPBR322.

® ® pBR322.nucl — Map
-2 > = - ar
€t | ! v = Qv U - 376:651
DNA  Unlocked Prefs Replica Topology Digest Magnify Preview Create (276 bp)
Editor | Map | Featwres | Annotations

pBR322
8578bp

' %ene Xmal (3184) 4/6

coRI (3405) 2/3
Econl 400} Smal (3186) 4/6

Fspl (3484) 25

SCEB13°

Note that MacVector has automatically flipped the fragment as it can only
be inserted in one orientation. Also, no sites are regenerated at the
BamH1/Bglll or Sall/Xhol junstions.

You can use this simple Copy-Paste approach for most of your restriction
enzyme based clonings, safe in the knowledge that MacVector will not let
you create invalid constructs. However, MacVector has a second set of
functions for clone construction that are even more flexible and are
discussed in the next section.

Choose Edit | Undo to restore pBR322 back to its original state.

Clone Construction Using the Cloning Clipboard

The Cloning Clipboard is a unique MacVector window that maintains a
history of your clone manipulations. You can view the window by

Click Cloning Tutorial 12
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choosing Window | Show Cloning Clipboard. This works in conjunction with

the Digest and Ligate toolbar buttons and menu items to simplify many
aspects of clone construction, particularly for multi-fragment clonings.

A Simple Single Enzyme Cloning

Lets replicate our EcoRI fragment cloning, but now using the Cloning
Clipboard.

Select the two EcoRI sites in Gal Cosmid and then click on the Digest
button on the toolbar. You can also use the Edit | Digest menu item.

The Cloning Clipboard window opens with a schematic of the digested
fragment. Note the ends of the fragments have a label with the enzyme
used to cut the fragment.

[ BN ] Cloning Clipboard

Sacll (134.. ‘” Acel (14073) 2/8 Notl (15099) Acel (15896) 7/8
N Sall (14072) 255 Acol (15194) 58 Puull (158...
SCESS.14 ( ) 3 ) ull (!
I ¢ el (...
IK IE

13317 to 16089 of GalCosmid

Show me how this works

Options... Circularize Remove All Remove

Switch to pBR322, select the EcoRI site and then click on the Digest
button.

A second fragment appears on the Cloning Clipboard.

o [ ] Cloning Clipboard
Sacll (13... | Acc| (14307) 4/8 | Acc| (15696) 7/8
‘ Notl (15099} Pl (1
SCEB6.14
| Acel {
alk alE gam

13317 to 16089 of GalCosmid
EcoRV (4548) Fapl (5817) 34 ApaLl (7148) 213 Dral (8304) 3/3
Hindlll... Fspl {5719) 244 ) Pwull (8427) Dral (7612) 23 ApaLl (8384) 3/3

Clal (4 o Sspl (8531)
tetracycling resistance gene rop () beta-lactamase gene

»

4360 to 4359 of pBR322
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Every time you click on Digest, the resulting fragment is saved on the
Cloning Clipboard. The fragments are remembered permanently — if you
shut down MacVector and re-open it, you will find the same fragments
remain on the clipboard. You can of course clear the clipboard by clicking
on the Remove All button, or by selecting individual fragments and clicking
on Remove.

Click in the circle at the left hand end of the upper Gal Cosmid
fragment. The circle highlights and “target” dots appear within the
circles at the ends of the other fragment. Hold down the mouse button
and drag towards the right hand end of the pBR322 fragment. Let go
when the circle there becomes highlighted.

Notl (15098)
Accl (15194) 572

Accl (15696) 712
Pyull (159...
(" Accl(...

Saci (134... ” Acel (14073) 212
N Sall (14072) 2/1 \[

SCE66.14

aLl (7148) 213 Dral (8304) 3/3
7612) 237 Apall (8394) 3/3

Fspl (5817) 3/4
Fspl (5719) 2/4 Pwull (8427)

EcoRV (4548)
Hindill

Clal (4
tetracycline resistance gene rop

o EE— i am

4360 to 4359 of pBR322

A ligation dialog sheet appears. The staggered “sticky ends” are clearly
shown. In addition, they are outlined in blue, indicating that the ends are
compatible. This is very similar to the ligation dialog we saw earlier with
the copy/paste cloning, except that in this case only two ends are involved.

Sequence Ends

© Keep Fil S:::k © Keep Fill S:LK
— | | CAAG AATTCCCOT T e
— AAGTTCTTAA GGGCAA =
Cancel Ligate

Click on the Ligate button.

A new fragment appears in the window, with the two molecules joined
together.

Click Cloning Tutorial 14



Click Cloning Tutorial 27 January 2020

Pwull (...

Sacll (1...
| o
7

SCEB6.14

alE galT

(EcoRl) (EcoRl)

13317 to 16089 of GalCosmid
Hindlll... | Fspl (5817) /4 (' Apali(8850) 1/3 | (" Apall(83s...
L /

Clal(...) |Fspl(5719)2/4 Apall (7148) 2/3/” Sspl (8531)
TR o 1| Il
tetracycline resistance gene rop ¢ ) beta-lactamase gene
(EcoRl) (EcoRl)

4360 to 4359 of pBR322
Hindlll... ]| Fspl (5817) 34 WDl‘lI (7593) 1.31 H
Fspl (5719) 2/4 | Apall (7148) 2/3
11l \j | | on
gene

clal (...
la:]ncyal resistance

(EcoRl)

Sacll (9814) 4/4

’Fsul (9563) 4/6 |’ Sall (11099)...

beta-lactamase gene

(EcoRl)

4360 to 4359 of pBR322 plus 13317 to 16089 of GalCosmid

Either (a) click on the Circularize button or (b) click in the circle at one
end of the new fragment and drag the line onto the other end.

A new window appears with the selected fragment circularized.

4360 to 4359 of pBR322 plus 13317 to 16089 of GalCosmid [circularized) — Map
£ o - = Ly '
DNA  Unlocked Prefs Replica Magnify ~Preview Creats Edit Delete

—m we [T

EcoRI (7134) 212

Range

Clal (26)
Hindlll (31)
| EcoRv (189)
Sall (6409) 5/6 Pvull (7028) 33 BamHi (377)
Bl (6399) Sall (6740) 6/6 Fspl (264) 1/4  Sphl (568)

Bcll-DAM (6399) Sall (659) 18
lorae,,
o
lng

Noti (6144)
Smal (6136) 55, e«,///‘ 49!
Xmal (6134) 555, /A%
)/ >
/ /“

V&
< Fspl (1360) 2/4

Fspl (1458) 34

Sacll (5455) 4/4
Puull (5386) 273
4

Sall (5204) 4/ —%.
Smal (5199) 4/5 8 puull (2088) 173
Xmal (5197) 45
Sall (5117) 3%
Smal (4968) 3/5
Xmal (4966) 35
Sall (4880) 276
Sacll (4753) 34
Sacll (4733) 2/4

ApaLl (2291) 173

Sspl (4172) /gy, S
4 o lactama | Apall (2789) 23
Smal (4584) 2570 1 e 1 ‘amasg gene

The default title is a description of the way that the molecule was
constructed. Lets clean it up a little.

Choose File | Save and save the sequence to a suitable location (e.g. your
desktop) under the name “Forward”.

Depending on the version of MacVector you are using, the center label
may not change to reflect the new name of the sequence. If that happens;
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Double-click on the label in the center of the circle. This will open up the
Symbol Editor at the Title tab. Click on the down arrow at the right end of
the Title edit box and select the <Sequence Name> item.

Symbols for Forward.nucl T

3 u(..
m Ruler Sequence SegmentMap Coverage Map

Show Title )(Ecm%\
<Sequence Name> v
Helvetica 12.0 pt Color: N
: Vr Apall (839...
Orientation: Top Center [T} ”i"(ss“' {asat)
Show sequence size ase Gé"eC\
You should end up with a nicely formatted construct;
® ® Forward.nucl — Map
g o0 ] A == Qv Ug & 1
DNA  Unlocked Prefs Replica Topology Digest te Magnify Preview Create Edit Delet Range
Editor Map | Feaures | Annotations

| EcoRv (189)
Sall (6409) 5/6 Pvull (7028) 373 BamHI (377)
Bell (6399) Sall (6740) 6/8 Fspl (264) 1/4

Bell-DAM (6399) T
Notl (6144)

Smal (6136) 5/5 & 1)
\ P
Xmal (6134)55 %
>// "/(
/[ ,,/

Fspl (1360) 2/4
Fspl (1458) 3/4
Sacll (5455) 4/4
Pvull (5386) 2/3
Forward
g 7134bp
Sall (5204) 476 —%

& puil (2068) 173

Apall (2291) 113
Smal (4968) 3/5

Xmal (4966) 3/5
Sall (4880) 2/6

(4172)/3,
" lactama, Apall (2789) 273
*
> 7 EcoRl (4361) 112 se gene

5 Apall (4035)3/3  pgyl (3613) Dral (3234) 113
Smal (4556) 1/5 Dral (3945) 33 Fspl (3590) 4/4 Dral (3253) 2/3

Flipping The Inserted Fragment

Now let’s make a construct with the fragment inserted into pBR322 in the
opposite orientation.

Click in the circle at the left hand end of the upper Gal Cosmid
fragment. Now hold down the mouse button and drag towards the LEFT

hand end of the pBR322 fragment. Let go when the circle there becomes
highlighted.
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Sacll (1. *" | Pyl (.
N ¢ Acel (...
SCEB6.14 Y
I3 E | oa
*
13317 to 16089 of GalCosmid

Hinall Fapl (5817) 3/4 Apal | (8650) 113 Apall (839
Cial (... f| Fspl (5719) 214 Apall (7148) 213 Sspl (8531)
| ol
tetfacycline resistance gene wop || | ) beta-lactamase gene
-—'—-—7 (]

4360 to 4359 of pBR322

Hindll.... Fspl (5817) 34 Dral (7593) 173
Clal [ Fspl (5719) 2/4 | Apall (7148) 273

Sall (3563) 46 [ Sall(11088)..
Sacl (9814) 4/4. Pyl (1

. = |

tetracycline resistance gene  rop | () | bataiactamase gene

aE | 9T

1K

This time, the fragments get joined together in the opposite orientation.

Hindill Fspl (5817) /4 Dral (7583) 1/3
Clal(..| |Fspl(5719)2/4 | ApaLl(7148) 213 7
o

Sall (9563) 4/6 [ Sall (11099)
Sacll (9814) 4/4 (* Pwull (1
| or

tetracyciine resistance gene  fop ) | betadactamase gen
7~

1K galm

) gaiE

4360 to 4359 of pBR322 plus 13317 to 16089 of GalCosmid
Sall (13710). '\ls-lluszu):ye " [ _syr[(!egf}7) E ‘ Pvuil (18157) 373 " 4 Apal (201...
Pwill (1... ) Sacil (15001) 174 | BamHi (18466) ¢ Apali (18380) 173 ’ Sspl (20
S [ 0 sl |l

SCE®6.14

13317 to 16089 of e.a-mw plus 4360 to 4359 of pBR322 [Rev]

Show me how this works

Options... Circularize Remove All Remove

Repeat the circularization of the fragment and save the new circular
molecule under the name “Reverse”.

Using the Agarose Gel Simulation Interface To Determine Orientation

In a practical experiment, you cannot directly control the orientation that
the EcoRI fragments gets inserted into the vector, so you have to screen
the clones to determine which have inserts in the correct orientation. The
typical approach to do this is to cut with appropriate restriction enzymes
and run an agarose gel and analyze the resulting pattern to identify the
correct clones.

MacVector has a unique Agarose Gel Simulation interface that lets you
view photo-realistic gels so you can quickly and easily determine which
restriction enzymes will give you a distinctive pattern so that you can
identify clones with the insert in the preferred orientation.

Choose the File | New | Agarose Gel menu item.
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’ o Untitled

-~ fh 1 -
% v @ il & =] 5
Gel Unlocked % Agaross Add Marker Delste Display Sizes Dye Prefs

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

A window opens containing a graphic of a simulated agarose gel. By
default, two marker tracks will be already visible. You can change the
preferred marker tracks by clicking on the Prefs toolbar item. You can also
add any other preferred markers by clicking on the Add Marker toolbar item
and selecting a suitable marker from the popup menu.

Arrange the windows so that you can see both the Untitled agarose gel
window and the Forward sequence window (set to the Map tab) at the
same time. Click and hold on one of the EcoRI sites in the Forward

window, then drag the selected site onto the agarose gel window and
release the mouse button.

Forward EcoRI|

Drag a restriction enzyme site from a Map view i
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A new track will appear on the gel, showing the predicted banding pattern
resulting from digesting Forward with EcoRI. If you “mouse-over” the
bands you will see that a tooltip appears with the size of the bands and the

status bar at the bottom of the window gives more information on the
fragment under the mouse.

Repeat the drag and drop, but choosing first the Sa/l and then the Smal
sites in Forward. Finally click on the single HindII site, hold down the
<shift> key, then click and hold on the single No site so that both
sites highlight, then drag BOTH sites onto the agarose gel.

Forward EcoRlI
Forward Sall
Forward Smal
Forward Hindll+Notl

Drag a restriction enzyme site from a Map view into thi
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The gel updates with the predicted patterns produced by digesting Forward
with each enzyme, or combination of enzymes. You can use the multiple-

selection trick to digest a sequence with any number of restriction
enzymes.

Bring Reverse to the front and repeat the drag and drop of Sall, Smal
and HindlIII + Notl sites. If you are careful, you can drop each site slightly
to the right of each of the Forward digests. Alternatively, you can click
on a track and reposition it by simply dragging it to the left or right.

Forward Hindlll+Not!
Reverse Hindlll+Not|

Forward EcoRI
Forward Sall
Reverse Sall
Forward Smal
Reverse Smal

g
I
-

The gel updates to show the different digestion patterns. You can
immediately see that the Smal digests of the two constructs are identical,

but the Sa/l and HindIll+Notl digests do give easily distinguishable
patterns.

Removing A Restriction Site From A Vector

One common cloning operation that has historically been difficult to
replicate in software is when you want to remove a restriction enzyme site
from a vector by cleaving with an enzyme and the filling in or cutting back
to remove the site and sometimes even creating a new RE site. This is easy
to reproduce using the Cloning Clipboard;

Bring the pBR322 window to the front. Click on the EcoRI site at the 12
o’clock position and click on the Digest button

The Cloning Clipboard updates to show the linearized vector;
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@ ® Cloning Clipboard
SacH (119 341 (619] 15| At (991) 45|
g i
Sacll (372) 2/4 Xmal (836) 4/5

SCE66.14 LI
(Ecom)o

BUIT [2U36]  ALCT (230U] 170

| Accl(2049)6/8  Pwull (26...

Sall (756) 2/5 Accl (1878) 5/8

galE

Accl (...
galT
O(ECDR!)

4360 to 7132 of Forward
[ ECORV {12 SHEIT 053] ACCT (228 T] 2Z UIEr (3200) 275 APELT ($USD). - ]
Hindlll.. Sphi (568)  Fspl (1360) 24 Pull (2068) Apall (2291) 113 Pstl (3613) Sspl (4172)
Clal (26) [ [ | Fspl (1458) 3/4 0 ( Apall (2789) 2/3” | | 16
| tetracycline resistance gene h ROP protein ( nbma-lamanmgom
(EcoRl) ‘ - _—O(Ecom)
4360 to 4359 of pBR322

Show Me How This Works

Options... Circularize Remove All Remove

Click on the Circularize button then select the two Fill radio buttons to fill
in the two ends of the fragment.

Seguence Ends

O (O] O O (C] O
Keep Fill Cut Back Keep Fill Cut Back
CCAGTGaatt AATTCGAGCT
CGGTCJ\CTTAA ttaaGCTCGﬁ]
Ligate Anyway | (" Cancel ) [ Ligate B

4

Click on the Ligate button.

A new window appears containing the recircularized plasmid, but now
missing the EcoRI site, here shown zoomed in to the residue level in the

Map tab;
® ® 4360 to 4359 of pBR322 [circularized] — Map
= — o< 3 -
g: N F T == v O & & @ o
DNA Unlocked Prefs Replica Topology Digest Ligate 100%  Preview Create Edit Delete Range

Editor Map [ Features I Annotations

Clal (26)

Hindlll (31)

(GCGTATCACGAGGCCCTTTCGHETTCAAGAAT TAATTCTCATG N GACAGE TTATCATCGATARGC T TTAAT
ATTAACCTATAAARATA RGAAGTTCTTAATTAAGAGTACAAJ >CTTTAATGCGGTAGTTTA
A ATTCGATATTTTTATCCGCATAGTGCTCCGGGARAGCRGAA \ AT TCGAATAGTAGUTATTCGAAATTACGCCATCAAA T
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Multi-Fragment Gateway Cloning

The real power of the Cloning Clipboard becomes most apparent when you
are trying to replicate 3-fragment cloning experiments. One common
example of this type of approach is the MultiSite Gateway® Technology
from Invitrogen. This uses in vitro recombination driven by a series of
related phage atf sites to quickly generate constructs made from multiple
fragments with high efficiency. For more details, check out the
information on the Invitrogen web site;

htt: o . | Products-and-
Technology.html

For this example, we will see how simple it is to generate a construct
consisting of three separate fragments joined end to end and inserted into a

suitable target vector. Each fragment has been inserted into an “Entry”

vector — the constructs can all be found in the
/Applications/MacVector/Tutorial Files/Click Cloning/

folder.

vectorA.nucl — contains fragA flanked by a#L.4 and a#R1 sites
vectorB.nucl — contains fragB flanked by atfL.1 and atfl.2 sites
vectorC.nucl — contains fragC flanked by a#/R2 and attL3 sites

PDESTR4R3.nucl — this is a “Destination” vector with a#/R4 and attR3
sites.

The strategy here is that we will join the fragments together to form a
construct;

...attL4-fragA-atR1/atfL1-fragB-att1.2/attR2-fragC-attl.3. ..

and then insert that into pDESTR4R3. For the purposes of manipulation of
the att sites in MacVector, we can treat them just like restriction enzymes
with long asymmetrical overhangs. While the experimental in vitro
operation is a recombination rather than a ligation, the end results will be
identical.

Choose File | Open and open each of the sequences vectorA.nucl,
vectorB.nucl, vectorC.nucl and pDESTR4R3.nucl.

In the Map tab of vectorA.nucl, click on the atfl.4 site at 629, hold
down the <shift> key and click on the a#fR1 site at 5530, then click on
the Digest toolbar button.

Switch to vectorB.nucl, select from the atfLL1 site at 648 to the a2
site at 2063 and Digest.

Finally, switch to vectorC.nucl and digest the fragment from the
attR2 site at 733 to the atl.3 site at 1483.
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The Cloning Clipboard should now look like this;

Cloning Clipboard

att*4 (1134)
pCYCD3.3 ate*3 (4136)
N
attl 4] Frag A - Promoters ¥ [Sniit]
i L
v L
630 to 5530 of VectorA
TopaTA (684) TopaCACC (1240) TopoTA (1558} | | TopaTA (2038)
TopoCACC ... TapaTA (1146) TapaTA (1717) TopoCACE ...
N |
t )
awl) I3 Frag B - Gene >rLSnlit]
i T T 1
(g L O

TopaTA (759)

649 to 2063 of VectorB
TopeTA (1128)

TopaTA (1053) TopaTA (1143)
atRz Frag C - YFP Tag >r[5nlit.]
I - —
L L5
734 to 1483 of VectorC
| Show me how this warks |
| Options... | Circularize | | Remove All | |

Remove |

Click on the circle at the right end of fragA (marked as a#fR1), hold

down the mouse and drag the line onto the a#L1 circle at the left end of
fragB, then release the mouse.

8 00 Cloning Clipboard
At (1134)
pCYCD3.3 W att*3 (4136)
"
attl4 | Frag A - Promoters ) ’[Suit]
i - T W
v
630 to 5530 rA
TopoTA (684) TopoCACE (1240, TopaTA (1556} | | TopaTA (2038)
TopaCALC ... TopaTA TapaTA (1717) TopaCACE ...
"
| |
Ll [§ - Frag B - Gene >rLSn|it]
.?— T T T .
G
649 to 2063 of VectorB
TopoTA {1128)
TopaTA (753) TopaTA (1053) TopaTA (1143)
aten2 Frag C - YFP Tag > Salit]
— -
L O
734 to 1483 of VectorC
[ Show me how this works |
| Options... | Circularize | | Remove All | | Remove

In the ligation sheet that drops down, click on the Ligate button.

Click Cloning Tutorial
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A new ligated fragment should appear on the Cloning Clipboard;

800 Cloning Clipboard
TopoCACC ... TopoCACC {1240) TopaTA (1558) | TopoTA (2038)
TopoTA (684) ‘ TopaTA (1148) ¢ | TapaTA (1717) (TopoCACC

. Frag B - Gene > it
-:mL;:éﬁ' . - ———— '?:5:3:&2)

649 to 2063 of VectorB
TopaTA (1128)
TopoTA (753} TopeTA (1053) ¢ TopeTA (1143)

atthz | Frag C - YFP Tag > it]
[.\tiﬁzlé‘ - - @Ia:tu}

JOL

734 to 1483 of VectorC

a4 (1134)

pCYCD3.3 W att*3 (4136) att*1 (5530)
™y "
4] FragA- | Frag B-Gnnn'>‘ jit]
(areLa)(C )f - - e o i (attL2)

630 to 5530 of VectorA plus 649 to 2063 of VectorB

| Show me how this works |

| Options... | | Circularize | | Remove All | | Remove

Now drag the atfR2 end of the fragC fragment to the a#L.2 end of the
new fragA-+fragB fragment and Ligate.

Again, a new fragA+fragB+fragC fragment should appear in the Cloning
Clipboard with an at7L.3 site at one end and an a#fL.4 site at the other.

8 00 Cloning Clipboard
TopoTA (1128)
TopaTA (753} TopaTA {1053) (" TopeTA (1143)

auRz | Frag C - YFP Tag > jt]
[atzkzlé‘ - - @:a:tul

JT

734 to 1483 of VectorC

att*4 (1134)
pCYCD3.3 att*3 (4136) att*1 (5530)
X
attia ] Frag A - Promaters )[ FusB-Gnm>' lit]
:attLé:é" {- (ateL2)

630 to 5530 of VectorA plus 649 to 2063 of VectorB
att*4 (1134) attB2 (6939)

pCYCD3.3 N att*3 (4136) att*1 (5530) att*2 (5945)
| Frag A - Promoters '>H FragB -G C-¥i )
{anL-‘-!}Bt N — = (attl3)

630 to 5530 of VectorA plus 649 to 2063 of VectorB plus 734 to 1483 of VectorC

| Show me how this works |

| Options... | | Circularize | | RemowveAll | | Remove
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Leave the new fragment selected in the Cloning Clipboard and switch to
the pDESTR4R3 . nucl window. Select the atfR4 site at 40 followed by

the attR3 site at 1726, then click on the Ligate button on the toolbar.

The Ligate toolbar button always tries to paste in the currently selected
fragment on the Cloning Clipboard. Note that MacVector knows that the

fragments needs to be flipped before it will “ligate” with the vector.

NOO # pDEST-R4R3.nucl — Map
DNA Blocked! TextView Prefs Replica Topology  Digest Ligate Create Edit Delete (1686 bp)
> "
| Ssource Sequence Ends
(" Flip )
e
® Keep O Fill (O CutBack ® Keep O Fill O Cut Back
TGTATAATCAAGCD s T ACAAA|
GTTCGC == ATGTTTAGATATGTTT
Target Sequence Ends
ATCAA ATTATACACAA
(C TAGTTGAAACATATCT GTTG ))
8 "@keep OFl O cutBack @ Keep OFil O CutBack
" Ligate Anyway ) " Cancel |

Fspl (2907)

-

RI (1289)
h Dral (1373)
» Pvull (1393)
oS BamHl (1539)
N

» i
Dral (2552) Noti (1610)
>
Apall (2458) Apall (1961) 51
Fspl (1884) ‘9

Sspl (2325)

attR3 (1726)

Click on the Ligate button.
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pDEST-R4R3.nucl — Map

LI =N e = 5

DNA Unlocked TextView Prefs Replica Topology Digest Ligate Create

Editor Map | Features | Annotations
att™4 (40)
attB4 (40)
pCYCD3.3

|
g
[ att*4 (545)

pDEST-R4R3
9487bp

(7106)—M13 forw: 2
/4
106) 1

att*2 (6356)

attB2 (6350)

att*1 (4941)

[ To0%

The final construct has the three fragments inserted in the correct
orientation and exactly duplicates results of an in vitro recombination
experiment of a mix of all four starting plasmids.

These general approaches can be used to simulate any multi-fragment
cloning, whether using regular restriction enzymes or Gateway att sites.
The fragments on the Cloning Clipboard can be selected and deleted, or the
entire clipboard cleared using the buttons at the bottom of the window.
The fragments can also be re-ordered by dragging and dropping into a new
location. Finally, you can Edit | Copy any selected fragment on the Cloning
Clipboard to copy it to the regular shared system clipboard (also known as
the “pasteboard”) if you want to paste the sequence into another
application.
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