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Introduction

The Cloning Clipboard was introduced in MacVector 12.7. Each time
you Digest a sequence, the resulting fragment is placed on the Cloning
Clipboard. You can then join fragments together by clicking and dragging
on their ends to build up constructs from individual parts. Finally, you can
circularize a fragment to create new plasmids or double-click a fragment
to open it in a MacVector sequence window. A ligation sheet is displayed
each time you join two ends to give you the opportunity to manipulate the
ends (cut back, fill in) if desired. The fragments on the Cloning
Clipboard are remembered even after you close MacVector and you can
delete or rearrange fragments on the list at any time.

Sample Files

All the sample files in this tutorial can be found in;

/Applications/MacVector/Tutorial Files/Click Cloning/.

Before You Start!

This tutorial assumes that you are using the Common Enzymes file
included with MacVector as the file used by the Automatic RE Analysis
function. If you are not sure, choose the MacVector | Preferences...
menu item and switch to the Map View pane. Click on the Set Enzyme
File button, navigate to the /Applications/MacVector
/Restriction Enzymes/ folder, choose the Common Enzymes.renz
file and click on the Open button.

Tutorial

Cloning A Single Fragment Into A Vector

The traditional “click cloning” approach used by MacVector is pretty
simple and very effective — open a source DNA sequence, <shi ft>-click
on two restriction enzymes to select a fragment, choose Edit | Copy,
switch to the target vector, select the target restriction enzyme site(s), then
choose Edit | Paste. Accomplishing the same thing using the Cloning
Clipboard does take a few more clicks, but it’s a good first step to
understanding the power that the Cloning Clipboard can give you.

Select File | Open and navigate to the /Applications/MacVector
/Tutorial Files/Click Cloning/ folder. Select S.
coelicolor cosmid SC5A7 and click Open to open the sequence
then repeat and open pUC1 9.
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The S. coelicolor cosmid SC5A7 sequence should look something
like this;

®eno # S. coelicolor cosmid SC5A7 — Map (@)
@ & — — —n
§ (=) 0 . =' = 36329
DNA  Locked TextView Prefs Replica Topology Digest Ligate Create Edit Delete Range
| Editor | Map | Features | Annotations |
S. coelicolor cosmid SC5A7 M
Bglll (32231)
EcoRl (33415)
Bell (6400) TopoTA/BLNT (34330)
Pstl (5726) Pstl (35802)
Pstl (23377) Pstl (36328)
SC5A7.05
; Xhol (17087) EcoRV (27382) TopoTA/BLNT (36344)
Bcll (14337) Bell (36960)
SC5A7.01 SC5A7.23
Pstl (14303)
SC5A7.03 SC5A7.32
o Bcll (14214) Y Bell (19750) | Sacl (39725)
Xhol (1588) & Bcll (13899) | Pstl (19551) Sacl (39911)
SC5A7.22
Sacl (10573)
SC5A7.02 ' SC5A7.14 SC5A7.20 SC5A7.26 | SCS5A7.31ramA ramB
Pstl (9444) ‘ ;
T T T T T T T T T T
K 6K 9K 12K 15K 18K 21K 24K 27K 30K 33K 36K 39K
Jaeaa@aa a. 4 4 4
SCSA7.07cpgi  , zwf tkt sc5A7A1sc<:| SC5A7.21¢ 3 SC5A7.30c ramR
SC5A7.18¢ SC5A7.24c
SC5A7.10c tal &
SC5A7.06¢ SC5A7.15¢ SC5A7.28¢ v
(1 SC5A7.08¢ SC5A7.19¢ /1
=] v W

4
o b b DD D omm
{KXa@a O AOK I KK 4
A 4 a4 1
] —
If the entire sequence does not fit on a a single line in the window as

shown above, then click on the Fit To Window button in the floating
Graphics Palette;

Graphics Palette
[ Linear~ Circular |
Residues per | inch B‘ 5368.325

Line wrap: .Window width 3

s())®) (&
-
Range: 1:40337 v)

RS A [A
(SRS R

LIEER

- IR

Click on the Pstl site at 36,328, hold down the <shi ft> key and click

on the Sacl site at 39,725. Then click on the Digest button on the toolbar
ok e

Digest
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The Cloning Clipboard window will automatically open and you will see
the fragment you have just “digested”.

faNe Cloning Clipboard

opoTA/BLNT ... Sacll (37170) Sacll {37925)

Accl (3B693)

SC5A7.32 [Sphit] ‘

Dl

ramA ramB [ Split

T

36329 to 39725 of S. coelicolor cosmid SC5A7

Show me how this works

‘ Options... > _ Remove All >

Switch to the puc19 window. Click on the Pstl site at 439, hold down
the <shift> key then click on the Sacl site at 406. Finally click on the
Digest toolbar button.

Note that the order that you click on the sites is important. For this circular
vector, we want to copy the main body of the vector to the Cloning
Clipboard. MacVector uses “clockwise” selection, so we have to click on
the Pstl site first to ensure the main part of the vector becomes selected.

You should now have two fragments on the Cloning Clipboard. The next
step is to join the end of one fragment to the other.

In the Cloning Clipboard window, click on the PstI site at the left end of
the S. coelicolor fragment,hold down the mouse button and drag
it towards the Pstl site at the left end of the pUC19 fragment.

The end of the puC19 fragment should show a dark black target spot,
indicating that the end is compatible with the end you are dragging. The
other ends will have a lighter gray spot, indicating that they are not
directly compatible.
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(NeNe) Cloning Clipboard

bpaTA/BLNT . ] Sacl (37170) ) Sacll (37925) Accl [38693) [ Apall [39481)
N A | Il Sacll (39494)
SC5A7.32 [Spiit] I N ram [Split
le T T 1T bl i g 1 T T |

36329 to 39725 of S. coelicolor cosmid SC5A7

440 to 406 of pUC19

( Show me how this works )

Show me how this works

[ Options... ) Circularize [ Remove All )
- 7 . 7

Hindll (\47) Dral (1565) Fepl (1921) | Fspl (2944)
Sphl (M5} Apall (1120) Y 4 Dral (2276) | (" Puul (2894)
J b | ¢ Apall (2366) EcoRl (3082)
lacZ (alpha) beta-lactamase
[ ]

Remove

March, 2014

Continue dragging until the pointer is over the target Pstl site — it will
become highlighted — then release the mouse button.

A Ligation Sheet will appear, allowing you to optionally modify the ends

prior to ligation.

Sequence Ends

@ 0 @ 0
Keep Fill Cut Back Keep Fill Cut Back
s C TCCATCGAC AGCTCE
——GAGGTA ACGTTCGAGC ™
" Ligate Anyway | © Cancel ) ( Ligate

button.

In this case, we don’t need to modify the ends so click on the Ligate

The Cloning Clipboard updates to display the new constructed fragment;
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(NN Cloning Clipboard
Hindlll (447) Fspl (2944)
Sphl (445) ori Fspl (1921) ¢ Puull (2994)
v EcoRI (3082)
lacZ (alpha)l Ilaeta—laclamase
|
"

440 to 406 of pUC19

Apall (36568) | Kpnl (37851) Fepl (39211) Dral (40851) Fspl (42230)
Sacll (36561) ) 1 [If] N ori / Dral (40870) | Pvull (42280)
ram8 Al 7 EcoRl ...
(alpha) beta-lactamase Y
'l | - [
\l
SC5A7.32 [Split) \
A
36329 to 39725 of S. coelicolor cosmid SCQA? plus 440 to 406 of pUC19 [Rev] v

Show me how this works )

s . N\ s . . Y N\ '
Options... [ Circularize ) ([ Remove All | [ Remove

Make sure the new fragment is selected (as shown above) then click on
the Circularize button.

If you like to drag things, you can achieve the same effect by dragging the

Sacl site from one end of the fragment and dropping it on the Sacl site at
the other end. Either way, after you OK the Ligation Sheet, a MacVector

sequence window will open with the new construct.

806 36329 to 39725 of S — Map (@D
S il - P = p— s
| i} o fe -2
- - - L7 -— L —
DNA Unlocked Text View Prefs Replica Topology Digest Ligate Create Edit Delete Range
Editor Map | Features | Annotations |
~
EcoRl (6040) Sacll (233)
Pull (5952) Apall (240) Fspl (595)
Fspl (5902) /'Bamin (389)  Sacll (632)
all (5821) /
e Apal (679)Apal (762)
Sspl (5461)
\ 3 )
Apall (5324) e, NI san1029)
Dral (5234) %, Acdl (1030)
Sphl (1040)
& sall (1188)
£ Accl (1189)
Fspl (4879), §
37” “ Stul (1225)
Apal (1383)
o/
5645810 19 (R
Dral (4523)-= Obp Pl =]
Sacll
Apall (4078)
Fspl
Kpnl (21 e A
) 4

The long title in the middle of the sequence can be annoying, so double-
click on it to give it a more suitable name;
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%

! Features  Results |~ Title~ Ruler Sequence  Segment Map  Coverage Map b

¥ Show Title

[My New Construct IE]
I Geneva 12.0 pt ] Color: _D
Orientation: f First Panel Center m

E Show sequence size

(Shipping Defaults) ( Apply ) (Cancel ) 6’*00(**3

Finally, you can see a history of the construct in the frag features in the
Features tab;

0o 36329 to 39725 of S — Features (@]

Features

Start Description
3428 3549 C /note=REP E. coli lacl repressor gene -~
CDS 4584 5444 C /note=ANT E. coli beta-lactamase gene (bla) a

mpicillin resistance gene (apr/amp)
/date=07-Sep-2012
/left_cutter=Sacl (39725)
/left_join=keep end
/note=36329 to 39725 of S. coelicolor cosmid
SC5A7 plus 440 to 406 of pUC19 [Rev]
/right_cutter=Sacl (406)
right_join=keep end
/date=07-Sep-2012
/left_cutter=Pstl (36328)
/left_end=3TGCA
/note=36329 to 39725 of S. coelicolor cosmid
SC5A7
/right_cutter=Sacl (39725)
ight_end=3AGCT
/date=07-Sep-2012
/left_cutter=Pstl (439)
/left_end=3TGCA
/note=440 to 406 of pUC19
/right_cutter=Sacl (406)
ight_end=3AGCT

gene <l 1346 C /note=ramB [Split]
gene 1343 3253 C /note=ramA
gene 3289 >3397 C /note=SC5A7.32 [Split]
misc_binding <3398 3405 /note=MCS Hindlll-Sphl-Pstl-BspMI-Sall-Xbal
- BamHI-Smal-Kpnl-Sacl-EcoRl [Split]

misc_binding 3405 3405 /note=SIT unique Hindlll
misc_binding 3638 3638 /note=SIT triple Haell (lac fragment)
misc_binding 3764 3764 /note=SIT unique Afllll
misc_binding 3866 3866 /note=SIT double Drdl| I3
misc_binding 4175 4175 /note=SIT unique AlwNI %
nire bindine A24AC A24AC {nata - CIT Lnimua LaiCl

VA
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Removing A Restriction Site From A Vector

One common cloning operation that was difficult to replicate with earlier
versions of MacVector is when you want to open up a plasmid by cutting
with a restriction enzyme, fill or cut back the ends, then re-ligate to
remove the site. This is now extremely easy with MacVector.

Bring the puc19 window to the front. Click on the EcoRlI site at 396 and
click on the Digest button

The Cloning Clipboard updates to show the linearized vector;

eno Cloning Clipboard
Apall (36568) | Kpnl (37851) Fspl (39211) Dral (40851)
Sacll (36561) | ori Dral (40870)
4 ramB [Split] ramA
< } (alpha) beta-lactamase
ST - T | |

+
SC5A7.32 [Split]
36329 to 39725 of S. coelicolor cosmid SCJA? plus 440 to 406 of pUC19 [Rev]

Kpnl (412) | Dral (1565) ‘ Fspl (2944)
. ‘ Fspl (1921) (* Pwull (2994)

Sacl (406) ‘
f z .
lacZ (alpha) bela—lactamase lacZ (alpha)

397 to 396 of pUC19 v

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.

Sequence Ends

® ® O O ® O
Keep Fill Cut Back Keep Fill Cut Back
CCAGTGaatt AATTCGAGCT
(CGGTCACTTAA ttaaGCTCGA))
" Ligate Anyway | " Cancel ~ Ligate

Click on the Ligate button.

A new window appears containing the recircularized plasmid, but now
missing the EcoRlI site., here shown zoomed in to the residue level in the
Map tab;
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aNe 397 to 396 of pUC109 [circularized] — Map (@)
o = -
Q f i) i O % e X 11
R LS — ;
DNA Unlocked Text View Prefs Replica Topology Digest Ligate Create Edit Delete Range
| Editor Map [ Features l Annotations

BamHl (21) Sall (33)

¥bal (27) Accl (34)

Pstl (43)
TCGACCTGrale
-“T'x-.rr.l-.'r“‘ﬁ":ﬁr

GACGTCclg

G TAA GeCCAETGAAT
CTCCCAGTCACGALE I'-“‘"f"?f.'.“"f_,f,_u : CCTETAGAG
LCAGGETT L GTCAGTGCTGCAACA TITACTRRROSNN" AGGAGATOTC
L - CAA Lo .
-erTCCC

»
-
A
v

] 100% =

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 att sites to quickly generate constructs made from multiple
fragments with high efficiency. For more details, check out the
information on the Invitrogen web site;

http://www.invitrogen.com/site/us/en/home/Products-and-
Services/Applications/Cloning/Gateway-Cloning/MultiSite-Gateway-
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
/BApplications/MacVector/Tutorial Files/Click Cloning/

folder.
vectorA.nucl — contains fragA flanked by atrl.4 and arfR1 sites
vectorB.nucl — contains fragB flanked by arfLL1 and atrl.2 sites

vectorC.nucl — contains fragC flanked by atfR2 and atfl.3 sites

Cloning Clipboard Tutorial 11
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PDESTR4R3.nucl — this is a “Destination” vector with atfR4 and attR3
sites.

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

...attL4-fragA-atR1/atflL1-fragB-attl.2/attR2-fragC-attL3. ..

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 arfl4 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 arflL1 site at 648 to the arl.2
site at 2063 and Digest.

Finally, switch to vectorC.nucl and digest the fragment from the
attR2 site at 733 to the arfl.3 site at 1483.

The Cloning Clipboard should now look like this;

pCYCD3.3

atyia | Frag A - Promoters A [soit]

¥

630 to 5530 of VectorA

attl] (S Frag B - Gene 2 [Solit)
1] vE L
U . L . O

649 to 2063 of VectorB
TopoTA (1128)
TopoTA (759) TopoTA (1053) TopoTA (1143)

atR2 [ Frag C - YFP Tag > 2[solit)

¥

= 0

734 to 1483 of VectorC

Show me how this works

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 arfLL1 circle at the left end of
fragB, then release the mouse.

Cloning Clipboard Tutorial 12
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8 00 Cloning Clipboard
att*4 (1134)
pCYCD3.3 \ att*3 (4136)
attia Frag A- P >;snm
© .
v
630 to 5530 orA
TopoTA (684) TopoCACC (1240) TopoTA (1556) TopoTA (2038)
TopoCACC ... TopoTA (13 TopoTA (1717) TopoCACC ...
t N
attl1 (g Frag B - Gene ;2 [soiit]
. i C . L - L ‘L

649 to 2063 of VectorB
TopoTA (1128)
TopoTA (759) TopoTA (1053) TopoTA (1143)
aure | Frag C- YFP Tag ot
T

o 0

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.

A new ligated fragment should appear on the Cloning Clipboard;

8 00 Cloning Clipboard
TopoCACC ... TopoCACC (1240) TopoTA (1556) TopoTA (2038)
TopoTA (684) TopoTA (1146) TopoTA (1717) TopaCACC ...
)
|
atl1 r{{ Frag B - Gene > [saiit)
} !
\uJ O

649 to 2063 of VectorB

TopoTA (1128)
TopoTA (759) TopoTA (1053) TopoTA (1143)
attR2 [ Frag C - YFP Tag > (st
T
[ O
734 to 1483 of VectorC
att™4 (1134)
pCYCD3.3 att*3 (4136) att*1 (5530)
attl 4| FragA- > | FragB- Gene '(Solit)
T A= L
l L) - - -y
630 to 5530 of VectorA plus 649 to 2063 of VectorB
Show me how this works
Options... Circularize Remove All Remove

Now drag the attR2 end of the fragC fragment to the atf1.2 end of the
new fragA+fragB fragment and Ligate.
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Again, a new fragA-+fragB-+fragC fragment should appear in the Cloning
Clipboard with an a].3 site at one end and an atrl4 site at the other.

e 00 Cloning Clipboard

TopoTA (759) TopoTA (1053)

atR2 [ Frag C - YFP Tag >rLSn|il]
I

O

734 to 1483 of VectorC

att*4 (1134)
pCYCD3.3 att*3 (4136) att*1 (5530)
attl4 Frag A - Promoters >[ Frth-Gon°>'[s°m]
T v b [
1 L L ELIL 7N
630 to 5530 of VectorA plus 649 to 2063 of VectorB
att™4 (1134) attB2 (6939)
pCYCD3.3 att*3 (4136) att*1 (5530) att*2 (6945)
attl 4] Frag A - Promoters '>{FragB-G. C-YFRTag)
L & —/ ;
f | S— iy S—y

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

Show me how this works

Options... Circularize Remove All Remove

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.

06 # pDEST-R4R3.nucl — Map

DNA Blocked! TextView Prefs Replica Topology Digest Ligate Create Edit Delete (1686 bp)
[ ¥

Source Sequence Ends

Flip

® keep O Fill O Cut Back ® Keep O Fill O CutBack

TGTATAATCAAGCG TACAAA |
GTTCGC™ - ATGTTTAGATATGTTT]

Target Sequence Ends

ATCAAC ATTATACACAAC
(C TAGTTGAAACATATCT GTTG ])

® keep O Fill O Cut Back

© keep O Fill O Cut Back
Ligate Anyway Cancel ( Flip & Ligate )
Fspl (2907) SPTE
-
of /T
h/ /Dral‘ll.’%
» X/ Pvull (1393)
X h
a A & BamkHi (1539,
2000 S
Dral (2552) 3 Not (160
>
Apall (2458) Apall (1961) 51
Sspl (2325 Fspl (1884) %
L attR3 (1726) 2
v
100%

Cloning Clipboard Tutorial 14



Cloning Clipboard Tutorial March, 2014

Click on the Ligate button.

pDEST-R4R3.nucl — Map

Rt i e
?\ = i Lt B »
DNA Unlocked Text View Prefs Replica Topology Digest Ligate Create

|

[ Editor | Map \ Features I Annotations
att*4 (40)
attB4 (40)
pCYCD3.3

pDEST-R4R3
9487

bp

| 100%

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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