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Introduction

Golden Gate Cloning is a molecular cloning technique that enables the seamless, ordered
assembly of multiple DNA fragments into a single construct in one reaction. Its defining feature
is the use of Type IIS restriction enzymes, which recognize specific asymmetric sequences but
cleave the DNA at a defined distance outside of that recognition site rather than within it.
Because the cut site is separated from the recognition sequence, the actual overhangs generated
are not fixed by the enzyme but can be freely designed by the researcher. By engineering
complementary single-stranded overhangs (typically 4 nucleotides long) onto the ends of each
fragment, you can dictate exactly which pieces ligate together and in what order. This allows
digestion and ligation to occur simultaneously in a single "one-pot" reaction—an efficient,
scarless, and highly modular approach that underpins standardized assembly frameworks like
MoClo and the broader synthetic biology toolkit.

The most commonly used Type IIS enzymes for Golden Gate are Bsa I (recognition sequence
GGTCTC), Bsm Bl/Esp 31 (CGTCTC), and Bbs 1/Bpi I (GAAGAC), each cleaving a short,
fixed distance away from its recognition site to leave a 4-nucleotide overhang. The key to
designing primers is to position the recognition site so that it sits on the outside of the intended
4nt overhang—that is, the enzyme cuts inward toward your fragment of interest, leaving the
custom overhang on the insert while the recognition sequence remains on the flanking DNA that
gets discarded upon cleavage. This orientation is what makes the reaction so efficient: once two
fragments ligate through their matching overhangs, the recognition sites have been cut away and
are no longer present at the new junction, so the enzyme cannot re-cut the assembled product.
Correctly ligated constructs are therefore removed from the digestion-ligation equilibrium and
accumulate, while any incorrect or unligated products are repeatedly re-cut and given another
chance to assemble—driving the reaction strongly toward the desired final construct.

MacVector lets you create a Golden Gate Cloning “Cloning Project” to which you can add
cloning vectors with appropriate Type IIS sites, fragments of DNA that you might want to clone
into the vector, or even a collection of pre-determined circular constructs that could be cut with
a specific Type IIS enzyme an assemble into a single construct in a one-pot reaction. Where
appropriate, MacVector will generate primers to amplify fragments to generate compatible
overhangs to drive the cloning. At any time, you can customize the primer to add additional
residues to ensure coding sequences will be fused in the correct frame or change the chosen
asymmetric overhang to one of the common recommended sequences.

Sample Files

From MacVector 26.0 onwards, you can find most of the sample files for this tutorial in the
directories below;

/Applications/MacVector/Sample Files/

/Applications/MacVector/Tutorial Files/Golden Gate/

Tutorial

Overview

This simple tutorial will demonstrate the very basic capabilities of the MacVector Golden Gate
Cloning interface. We will create a new project, select an enzyme, add a suitable vector and then
a couple of insert fragments and then create a final construct and view the required primers. A
separate Advanced Tutorial explores the more detailed and nuanced features of the Golden Gate
Cloning interface.
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Creating a Project

Choose File | New | Golden Gate Cloning. A new window will open that is set to the “Golden Gate”
mode:

. <
eo e Untitled — Fragments ) ﬁ v Ov T A v
d ~ @

Fragments Primers

Drag or paste a vector here or select a vector from the menu.

Left Junction (RIS

The
Fragments
will not

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

Try to Circularize

Previous versions of MacVector let you toggle between Gibson/LIC/Manual modes. But Golden
Gate Cloning is sufficiently different in principle than the others (enzyme generated short
overhang based, rather than long homology overhangs) that it dramatically simplifies the
interface to select the technology at the initiation of the project.

Selecting an Enzyme

By default, MacVector uses a custom Golden Gate.renz file that contains all the Type IIS
enzymes suitable for use in Golden Gate cloning. That file is in your
~/Library/Application Support/MacVector/Restriction Enzymes/directory. You
can edit this file to add (or delete) Type IIS enzymes relevant to Golden Gate cloning.

Any enzymes present in the file are displayed in the popup menu that appears when you click on
the Enzyme toolbar button (labelled None in the above image, taken before any enzyme was
selected).

Click on the Enzyme button and select Bsa I from the menu.
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From File...
agment |

Bbsl
Bpil

BsmAl
menu. BsmBI
BsmFI
BspMI
BtgZI
Earl
Esp3l
Hgal
PaqCl
Sapl
SfaNI

Adding a Vector

There are many ways to add a vector to a project. The interface assumes that the first DNA
fragment in the list is the primary vector, but this is not absolutely required. You can add a
vector by;

(a) Selecting a vector from the Add Vector button. This shows a popup menu that displays a
hierarchical view of the MacVector . nuc1 files present in your
~/Library/Application Support/MacVector/Common Vectors/Golden Gate
Vectors/ folder. You can add your own files/folders to this location if you wish.

(b) Add Vector | From File. You can select any MacVector readable file from any location on your
file system and it will get added to the project.

(c) Drag and drop. Typically, you would graphically select and hold a restriction enzyme in the
Map tab of a vector and drag that onto the project window.

In all these cases, MacVector will scan the vector for the currently selected Type IIS enzyme. If
it finds two facing cut sites, it will virtually “cut” the vector and display the linearized vector in
the first panel and display the overhangs at each end. If two appropriate sites are NOT found, it
will assume you want to break the vector at either the cut site (for an restriction enzyme site
drag and drop) or the circular origin (for a circular vector) and will generate primers to create
suitable Golden Gate overhangs at the ends of the linearized molecule.

Click and hold on the Add Vector toolbar button item. In the popup menu that appears, select the
NEB | pGGASelect menu item. The project will update to display the vector cut with Bsa I;
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PGGAselect Flip
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4
7 aromoter
5'-CCAT-3" 5'-GGAG-3"

(SCCAT when cut with Bsal)

(5GGAG when cut with Bsal)

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.

The Fragment
will not
Circularize.

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

Try to Circularize
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Note that MacVector has identified the Bsa I restriction enzyme cut sites, realized that they
“face” each other and displayed the linearized fragment in the first pane.

Adding Fragments

Adding fragments to the cloning project is not that much different from adding a vector.
Typically, you would add them using drag and drop or copy/paste, but you can also click on the
Add Fragment | From File toolbar button and add DNA sequences in any MacVector supported

formats.

Open the Gal Cosmid.nucl file from /Applications/MacVector/Sample Files/ and

switch to the Map tab.

Select the grey prs gene and drag it to the project window.

e g

BsaBl (1406) 1/8 | BsaBl (3830) 2/8 Xhol (11853) 4/4

‘ Clal (8294)
i .
Stul (3758) 3/6

CRISPR-right (7279) 2/2  Sacl (9233) 4/6

Xhol (11775) 3/4

N
Stul (1283) 1/6 |
{ N

N | 01l
Sacl (1136) 1/6 || | Xhol (3625) 1/4 WNcol (5841) 1/3

N I
Kpnl (616) 1/5  Stul (2944) 2/6 ‘ ‘ ‘ lami (1oss0) &8

o e

N\ N

Xhol (8217) 2/4 | BamHI (10696) 7/8  BsaBl (12981) 4/8
I

Sacl (12961) 5/6

T | SCE66.08
BamHI (3... | Pstl (2876) 2/3 EF-1-alpha intro... pEF-1alpha Kpnl (11576) 4/5 H
S SCE66.05 | ‘ N
BamHl (... Kpnl (2175) 2/5 Notl (12878) 4/6
NSO SCE66.07 SCE
BamHI (... Pstl (2164) 1/3 WEF-]ﬂ‘pha BamHI (11448) 8/8
N RN | I SCE(
Bglll (1305) 1/5| | | |Notl (3499) 1/6 PPGK [
SCE66.01 || 3 i | SCE66.09 ¥

E66. SCEB6.0:

4K 5K

8K 9K 10K 11K

K 7K
EF-1-alpha intro
SCEB6.11c

tight TRE promoter

321aa 469 aa

hybrid intron SCE66.10c

381aa

SCES6.13¢

It gets added and the view updates to show the fragment and any primers required to create Bsa
I sites with appropriate matching 4 nt overhangs via PCR..
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» A = d %7 @
® [} Untitled — Fragments =) ﬂ He Ov s v “",‘\ , Descripti
d Ur 4 Prefs Replic Add tor Bsal Assembls Filter
Fragments Primers
pGGAselect Flip
ALK o pubszZONE L4880 S promater
] . >
(Baay) P noiesconters resistance to chorampet promote | (Baai)
4
7 aromoter
5'-CCAT-3" 5'-GGAG-3"
(SCCAT when cut with Bsal) (5GGAG when cut with Bsal)
Tm =57.5°C prs Flip Tm =5671°C
Ta =627°C Ta =626°C
GC =611% - GC =556%
Ln =34nt (Bsal) (Bsal) Ln =34nt
§'- -3
5-GGAG-3' 5'-CCAT-3'

(6GGAG when cut with Bsal)

GGTA
3 -GACAAGCTGCTCGTCACTGGTAACTCTGGATCGG-5

(5CCAT when cut with Bsal)

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

Now drag the bright yellow galE gene into the window.

o) o

| ‘ . Ly 1uomy) ero

SCE66.

e SCE66.18 ’

381aa

SCE66.13c

This has internal Bsa I sites so a warning dialog appears. Using this fragment in a Bsa I driven
Golden Gate cloning would prevent the assembly from working as expected. You could try
using a different Type IIS enzyme, or you could use site-specific mutagenesis to remove the
sites, but that requires significant additional effort.

B =
\GA# \GC

| The added fragment contains |
internal cut sites for Bsal

"galE" is a linear blunt fragment

containing two facing Bsal sites; it
will be truncated at the internal cut [
sites and the resulting overhangs

L may not match adjacent fragments.
This may interfere with Golden e/
Gate assembly. Do you want to IGAC
continue?

Continue Anyway

Cancel

L.

Click on Cancel to avoid adding the fragment.

Now select the red galK gene and drag it into the project window. That gets added and the ends

get updated with new primers.
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Untitled — Fragments ) —t ﬂ v v T v 29 Q Descripti
eoe 9 2 o ; i ) U e O ’
Golden Unlocked Prefs Replica  Add Vector Add Fragment Bsal Assemble Filter
Fragments Primers
wooen Toren
4
17 ramoter
5-CCAT-3' e ot 5-GGAG-3'
(SCCAT when cut with Bsal) (5GGAG when cut with Bsal)
Tm = 69.2°C prs fip  Tm=685C
Ta =66.2°C Ta =66.0°C
GC =66.7% & GC =60.0%
n =40nt (Bsal) (Bsal) Ln =4t
TAGGTCTCAGGAGGTGACCGGGATCAAGACGACEGGC-3
GGAG -.
% 5-AAGG-3'
3 -CTGCTCGGACAAGCTGLTCGTCACTTTCCACTCTGRATCGG-S "

(SGGAG when cut with Bsal)

(SAAGG when cut with Bsal)

Tm =68.3°C Flip Tm = 67.8°C
Ta =68.7°C Ta =68.6°C
GC =77.8% - GC =737%
Ln =34nt (Bsal) (8sal) n =35nt
5" -GGCTAGGTCTCARAGG -3
AAGG 2
5-AAGG-3 Z 6GTA 5'-CCAT-3'
3 GGTAACTCTGGATCGG-S"

(SAAGG when cut with Bsal)

[CUSTL LN  Right Junction

(SCCAT when cut with Bsal)

Select a Fragment above to view the junction with the adjacent Fragment. |
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But let’s add that in the other orientation. Click on the Flip button at the right end of the galK
pane. The fragment reverses orientation. If you look carefully, you can just make out the
miniature arrowheads at the end of the red graphic indicating the direction of translation.

- o5
Untitled — Fragments ':\L n Iv v ra Ad v =4 Q Descripti
.ee 9 2 = - o e G v
Golden Unlocked Prefs Replica AddVector AddFragment  Bsal  Assemble Filter
Fragments Primers.
\osai) (Bal)
o
7 oromoter
ATTCCTGTAGA ACGT e - A
5-CCAT-3' AGCACATCT A A A AECTTC 5-GGAG-3'
(SCCAT when cut with Bsal) (5GGAG when cut with Bsal)
Tm =69.2°C prs Flip Tm = 68.5°C
Ta =66.2°C Ta =66.0°C
GC =66.7% = GC =60.0%
Ln =40nt (8sal) (Bsal) Ln =41nt
GACCGGGATCAAGACGACCGGE
5-GGAG-3' 7 5-AAGG-3'
3" -CTGCTCGGACAAGCTGCTCGTCACTTTCCACTCTGGATCGG-S
(5GGAG when cut with Bsal) (5AAGG when cut with Bsal)
Tm = 67.8°C Flip Tm = 68.3°C
Ta =68.6°C Ta =68.7°C
GC=737% - GC =77.8%
n =380t (Bsal) (Bsal) n =34nt
5'-GGCTAGGTCTCAAAGG! -3
AAGG 28
5'-AAGG-3' %

(5AAGG when cut with Bsal)

Select a Fragment above to view the junction with the adjacent Fragment. |
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Viewing Junctions

Click on the galK fragment pane. The lower panel updates to show the detail of the selected end
— in this case the Right Junction.

Tm = 67.8°C Flip Tm = 88.3°C
Ta =686°C Ta =687°C
GC =737% o GC=778%
Ln =36t (Bsal) (Bsal) Ln =34nt
8 -GGCTAGGTCTCAAAGG. -3¢
AAGG -
5-AAGG-3' 2 GTA §'-CCAT-3'
3 GGTAACTCTGRATCGG=5"
(SAAGG when cut with Bsal) (SCCAT when cut with Bsal)

Left Junction

(SCCAT when cut with Bsal) =
pGGAselect

CCATTCCTGTAGACTTCTTAATTAAGACGTCAGAATTCTCGAGGCGGCCGCATGTGAGTC...
AGGACATCTGAAGAATTAATTCTGCAGTCTTAAGAGC TCCGCCGGCGTACACTCAG.

STAA ATCGG-5' (18nt binding)
galK-rev (Tm = 68.3°C)

You can see the junction between the fragments where the unique Bsa I generated overhang
joins the two fragments, along with the primer for the right end of the galK gene (pGGASelect
does not require a primer) along with the translated amino acids at the end of the galK gene.

Similarly, clicking on the Left Junction tab shows the junction between the prs and galK

fragments.
Tm = 67.8°C Flip Tm = 68.3°C
Ta =68.6°C Ta =687°C
GC =737% GC =77.8%
Ln =36nt (Bsal) = (Bsai) Ln =34nt
AAGE -
5-AAGG-3' 5 GGTA §/-CCAT-3'
3 GGTAACTCTGGATCGG-5"
(5AAGG when cut with Bsal) (5CCAT when cut with Bsal)

[ Lot sunction. IR
(SAAGG when cut with Bsal)
prs
lK-fwd (Tm = 67.8°C)
-3° (19nt binding)

5° (25nt binding)

(Tm = 68.5°C)

Viewing Primers

Click on the Primers tab. This displays a spreadsheet view of the primers required to generate
this construct.

. . i — r = -
[ N Untitled — Primers = Lo ﬁ [~ é LE-: Qv Search
i< =] i
Golden Unlocked Prefs Replica AddtoDB  Save List Filte
Fragments Primers

: Name Oligo (lowercase = tail) Overlaps Anneals Strand Tm Ta
j_prs-fnd GGCTAGGTCTCAGGAGGTGACCGGGATCAAGACGA... pGGAselect prs Forward 68.2°C 66.2°C

prs-rev GGCTAGGTCTCACCTTTCACTGCTCGTCGAACAGG... galk prs Reverse EB5°C 66.0°C
| galk-fwd GGCTAGGTCTCAAAGGATGGGCGAGGCTGTCGCGG  prs galk Forward  B78°C 686°C
! galk-rev GGCTAGGTCTCAATGGTCAGACCAGGCGCCGLGC pGGAselect galk Reverse BB3°C 6B87°C

You can print the list via File | Print or use the toolbar buttons to save it as a Tab Separated Value
(.tsv) file, or add the primers to the current MacVector Primer Database file.

Note that MacVector tries to balance the annealing temperatures of all of the primers so that the
PCR amplification can be performed in a single multiplex reaction.

Export the Construct

Back in the Fragments tab, the small square pane at the lower right indicates that the vector plus
the two fragments can indeed be circularized to create a new plasmid given the current set of
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primers. If there is a problem, this pane will indicate that the fragments cannot be circularized

rather than showing a graphic of the circular molecule. The Assemble toolbar button will be
active if a circular construct can be generated. Click on Assemble and a new window will appear

e L - @O = »

{ JON ] Untitled Circul...
DNA Unlocked Text View Prefs Replica Extra Range
Editor Map Features Annotations History
Narl (4268) 8/8
BsaAl (3935) 3/3 Pl (4150) 414 Accl(10) 115
BseRI(3924)5/5  Narl (4111) 718 Pacl (22)
\ |
BseRI (3921) 45 Narl (4102) s/a Ecom (@3) 122
Accl (3844) s, Accl (4osw) 55 Xhol (38) 172
W ]
Sall (3843) 213 Sall (4080) 313 ‘ Noﬂ ©5)
A\ PRI
Narl (3826) 4/8 Narl (4006) 5/5\ Sacll (4233) d
N Sl
Smal (3765) 112 Smal (3995) 2/2 Sacll (4213) £ Sspl (325)
NN /
Xmal (3763) 172 \Xmm ‘3994) 2/2 \ ‘ ‘\“‘ADH‘ term  Neol (332)
Accl (3757) 3 \ \“ \Nael ( 4159; Dral (378) 113
Accl (3610) 2/5+ Sall13755)1/3 \ “uc | G note=confers . ',','/ )
Pull (3578) 3/3. 3 \ %”ﬂb /
11 (3511) 214 Dral (717) 2%
Sacl (3511) 2/ (3619) 38 REns
BseRI (3494) 3/5\ /Puull (737) 113
BseRl 1349|)2/5\\ 3 /C;,
> %
)

Narl (3454) 2/8Y" N
EN

<7 promoyg,

SN
s
H [
BsmBl (3202). ¥ %BsaAl (944) 173
siil (azsz)uz g
! - 30
Narl (3195) 1/8-3 § gé‘fa'ggg E% g 2
5 8
3 g

Puul (3048) /4
Pvul (3036) 2/4~

Apall (2774) 3/3-3
Apall (2732) 213

Pvul (2730) 1/4~
Ascl (2715) BaAl (623) 213 y
B: HI125/29)2/2 / §-me= \
ami
VY /Bgﬂl 12277) N@ g
Sacll (2517) 114/ st 2255) <\
g { PSpmmu\e! :
|

Bbsl (2516) BsaBl (2378)
‘h \

14\

IS

\

|IPstr (2057)
11} 1\

Boll (2373)
BoI-DAM (2373) |
Puull (2£27) 23
BseRI (2225) 1/5

This is a standard MacVector annotated single sequence document window, containing the
features from each input vector or insert with the exact sequence at each junction. The final
construct has no Bsa I recognition sequences which is why you can generate this plasmid in a
“one-pot” reaction with a very high percentage of the resulting clones having the required
sequence. Any recircularizations of the original vector (where the Bsa I cleaved vector re-ligates
with the original small stuffer fragment) will be recut with Bsa 1. So, if you run repeated rounds
of cut and ligate, finishing with “cut”, most of your transformed colonies should contain the

correct construct.
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