Golden Gate Reactions

Golden Gate Assembler
The Golden Gate assembler is a tool for assembling DNA fragments from pre-designed

libraries of compatible parts.
There are several widely used collections, like C. elegans SapTrap, MoClo, etc.

For this example, we will assemble a four-part Sapl-based Golden Gate reaction.
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Note: pMBCb5a has five Sapl-flanked fragments. Each of these fragments has identical Sapl
overhangs (atg-cgt), so there are five independent product plasmids that can be generated
by this reaction.
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gctatgaccat-t_g-gtcagcgcagccgcgccctgacs

Sapl | . Sapl
cgatactggtacgagaagataccctataaaatagtggtgtcACAGTCatgccttcgtatggtaagtgcccttctcgcagtcgcgtcggcgcgggactgc
10 20 30 40 50 60 70 80 90 ’

oligo CQ WT indigo =

ttgtctgctcgagtcagtg-gatgggacatactcagtcctcaaGTTGGAtatggctctattccttttacgc-cagccttttgcgtgc

Sapl I . Sapl
aacagacgagctcagtcaccgagaagctaccctgtatgagtcaggagttCAACCTataccgagataaggaaaatgecgettctcggtcggaaaacgcacs
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oligo VG orange =

cacgactggcctcgt HENGNNGA At gREAtAtCCt BaBCCCCCABGTGAAT tat Batccateccetteacs -atcatgataataatgccl

Sapl . Sapl
gtgctgaccggagcacgagaagttaccctataggactcgggggtcCACTTAatacccaggtaggggaagtgctcttctcgtagtactattattacggcg
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oligo VN cornflower =

B8catgggacattttgtccccgcaaGCTTGTtacggtagtatcccgtttacgt PHABABEt tcttgaaPoBBEEsatgggatatactatcaccccaal
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TAtatgggtccataccgttcacs BHBBABEC tagaagggctgcaggAGGCTAGGTGGAGGCTCAGTGATGATAAGT CTGCGATGGTGGATGCATGTG]
Sapl

ATatacccaggtatggcaagtgcgcttctcggatcttcccgacgtccTCCGATCCACCTCCGAGTCACTACTATTCAGACGCTACCACCTACGTACACA
210 420 430 440 450 460 470 480 490 500




pMBC2 has outward-facing Sapl sites and is the plasmld destlnatlon for this reactlon
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kACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACGGGC
GTGGGGAACATAATGACAAATACATTCGTCTGTCAAAATAACAAGTACTACTATATAAAAATAGAACACGTTACATTGTAGTCTCTAAAACTCTGTGCCCG

10 20 30 40 50 60 70 80 90 100

CAGAGCTGCcaggaaacagctatgaccatgattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagctccaccgeggtggeggeegce
GTCTCGACGgtcctttgtcgatactggtactaatgcggttcgegegttaattgggagtgatttcccttgttttcgacctcgaggtggegeccaccgeeggeg

110 120 130 140 150 160 170 180 190 200

tctagaagggctgeaggaattcgatTGoENNMBNBNCCABRAtECAC ARt tataBan tHCtECaBBCCHBBIBINBGG At caagct tatcgatac

Sapl Sapl
agatcttcccgacgtccttaagctaACCGCTTCTCGggtacctaggtgatcagtataccttaagacgtccggaCGAGAAGCCATtagttcgaatagctatg
210 220 230 240 250 260 270 280 290 300

Sapl Insertion Site =

cgtcgacctcgagggggggecccggtacccaattcgeccctatagtgagtcgtattacgegegetcactggecgtegttttacaACGTCGTGACTGGGAAAAC
gcagctggagctcccccccgggeccatgggttaagecgggatatcactcagcataatgecgegecgagtgaccggcagcaaaatgt TGCAGCACTGACCCTTTTG

With these sequences open, Select the Golden Gate assembler tool:
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The Assembler tool dialog will open:

| @ Golden Gate Assembler...

@hoose an Enzyme... V)

(With Calculatoa

| [] Treat All Sequences as Circular

\ | Keep Assembler Dialog Open _

Press the “Choose an Enzyme” menu button:
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If Saplisn’tin your current enzyme set, choose “Edit Current Enzymes”:
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O Edit Current Enzyme Set

Alphabetical Recognition Isoschizomer Type IIS/Golden Gate Supplier

[] AanI TTATAA B

[] AarI CACCTGC(4/8) B

[] AasI GACNNNN~NNGTC B

[¥) AatII GACGT~C BIKMNV 37

[¥) AbsI CCATCGAGG I 37

[] Acc16I TGC~GCA IV 37

[] Acc36I ACCTGC(4/8) I 37

[¥) Acc65I GAGTACC BINV 37 Dcm:some blocked
[] AccB1I G~GYRCC IV 37 Dcm:not tested

D AccB7I CCANNNN~NTGG IV 37 Dcm:some blocked
[] AccBSI CCGACTC IV 37

[] AccI GT~MKAC BJKMNQX 37

] Accll GGACGE IIC By

[] AccIII TACCGGA JK 60 65 Dam:blocked

[¥ AciI c~CGC N 37

[¥) AclI AAACGTT 1INV 25 37

[] AcWI GGATC(4/5) I 37 Dam:not tested Dcm:not tested
[] AcoI Y~GGCCR I 37 Dcm:not tested

[] AcsI R™AATTY IV 50

[] AcuI CTGAAG(16/14) IN 37

[] AcvI CAC*GTG QX 37

71 AcvT GRACGYC 1 5@ Dem:not tested

Select the TypellS tab:



O Edit Current Enzyme Set

M LY S

Alphabetical Recognition Isoschizomer @ Type IIS/Golden Gate Supplie

BsmBI CGTCTC(1/5) N 55

Bso31I GGTCTC(1/5) IV 55 Dcm:impaired
BspMI ACCTGC(4/8) N 37

BspQI GCTCTTC(1/4) N 50

BspTNI GGTCTC(1/5) X Dcm:not tested
BSEGI GIGRNC I /Z4) IV 65

BstMAI GTCTC(1/5) 1IV 55

BstV2I GAAGAC(2/6) IV 55

BvelI ACCTGC(4/8) B

Csel GACGC(5/10) B

Eam1104I CTCTTC(1/4) B

EarLl CTCHLC (1/4)  N=37

Eco31I GGTCTC(1/5) B Dcm:impaired
Esp3I CGTCTC(1/5) BN 37

Hgal GACGC(5/10) 1IN 37

Lgul GCTCTTC(1/4) B

LweI GCATC(5/9) B

PaqCI CACCTGC(4/8) N 37

RcHISTRG E IR EIR/ ) Eli

SapI GCTCTTC(1/4) N 37

SfaNI GCATC(5/9) 1INV 37

OLOROO0O0O000000000000

| Cancel |

Then_ﬂa_lect Sapl to add that enzyme to your current set:
[¥) PaqCI CACCTGC(4/8) N 37
| Pedsh GeremiellA i
[¥) SapI GCTCTTC(1/4) N 37
[] sfaNI GCATC(5/9) 1INV 37

Once the enzyme is added, you will be asked to save the current default enzyme set when
you quit the ApE program.

If you chose to save the enzyme set, you will not have to re-add the Sapl enzyme the next
time you use the Golden Gate Assembler tool.



Return to the Golden Gate assembler tool and select Sapl:
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If there are Sapl-flanked fragments in the currently open sequences, the menu button
changes to “Choose a Fragment”
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You can select any of the Sapl-flanked fragments in the drop down menu:



O Golden Gate Assembler...

(Choose a Fragment ')

12 - 70: pMBC_ba

| 122-180: pMBC_%a :) (With Calculatoa
220 - 278: pMBC_ba

i Circular
2 - : pMB
302 - 360: pMBC_ba Ropen J
375 - 433: pMBC_ba r 20 30 Al
719 -1217: pMBC4

719 - 975: pMBC3 oligo C

276 - 232: pMBC2

Selecting pMBC2 as the first fragment fills in the subsequent compatible fragments:

® Golden Gate Assembler...

PMBC2 v ) TGG

PMBC3 ATG
, (pMBC_5a v ) AcCG

pMBC4 GTA
Efficiency: 97%

(With Calculatoa

[] Treat All Sequences as Circular
[:] Keep Assembler Dialog Open

The three-base overhang at the right end of each fragment is shown to the right of each

fragment.
Note that there are multiple choices for the pMBC5a fragment position.



They are noted in the drop down menu by their sequence position number in the plasmid
sequence.

® Golden Gate Assembler...

PMBC3 ATG
(pMBC_5a ) ACG

12 - 70: pMBC_ba

122 - 180: pMBC_b5a
220 - 278: pMBC_5a E ) (With Calculatoa
302 - 360: pMBC_ba
375 - 433: pMBC_5a

~H O EE = | @< \v s

s Circular
g Open

The efficiency is calculated as on target vs. off target overhang ligation as measured in
Pryor et al. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0238592

You can generate the Golden Gate reaction product by pressing “OK”.


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0238592
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If your sequences are saved as linear sequences, but they are actually circular, you can
either circularize the sequences (the preferred option) or press the “Treat all sequences as
Circular” check button

O Golden Gate Assembler...

@hoose an Enzyme... V)

@Vith CaIcuIatoD

Treat All Sequences as Circular
L) Keep Assembler Dialog Open

A

If you would like to assemble multiple different products in a single session, select the
“Keep Assembler Dialog Open” check button:



O Golden Gate Assembler...

l/.S apl v )

-
l&hoose a Fragment V)

4 I/ Close | (With Calculatoa

[:I Treat All Sequences as Circular
B Keep Assembler Dialog Open

The dilaog will stay open after you press the “OK” button to generate a new sequence
window with the calculated Golden Gate product.

If you will be using DNA olios that have been annealed together to produce single stranded
overhangs like this:

5' atgggatattttatcaccacagTGTCAGtacggaagcataccattc

LEEEEEEEEETEEE e e e e e e e e e e e e e e e ey
cctataaaatagtggtgtcACAGTCatgccttcgtatggtaagtge 5'

Copy the single stranded oligo sequences from a text editor (or spreadsheet columns) in 5’
to 3’ normal sequence notation:

N XON Untitled

oWD900 atgggatattttatcaccacagTGTCAGtacggaagcataccattc
oWD901 cgtgaatggtatgcttccgtaCTGACActgtggtgataaaatatcc

In the Golden Gate Assembler dialog you can select “Load Oligos from Clipboard” to have
the dialog consider the possible double stranded fragments that could be generated from

the single stranded sequences. You can also save the sequences to a text file and load the
sequences from that file using the “Load Oligos From File” command.



® Golden Gate Asser

Edit Current Enzymes r

Load Oligos From File

Load Oligos From Clipboard -

Add Second Enzyme

The double stranded oligos will then be available from the fragment drop down menu:

@hoose a Fragment D

12 - 70: pMBC_ba

122 - 180: pMBC_5ba

220 - 278: pMBC_ba

302 - 360: pMBC_b5a

375 - 433: pMBC_ba

276 - 232: pMBC2

719 - 1217: pMBC4

719 - 975: pMBC3

oligo: oWD900/ oWD901
oligo: oWD901/ oWD900

And will be available as an intermediate fragment in an assembly:



Sapl ¥

PMBC2 ¥ ) TGG

pMBC3 ATG
1 LloWD900 V¥ | ACG

:

pMBC4 GTA
Efficiency: 97%

Pressing “With Calculator” will generate the same reaction product, but will also auto-
populate the Molecular Reaction Calculator with the input fragment information:



o Molecular Reaction Calculator

Molar Ratio Reaction Master Mix Multiplier Molarity

Reaction (Golden Gate V)

Fragment Name
pMBC2 from 283 (Sapl) to 226 (Sapl)

pMBC3 from 726 (Sapl) to 969 (Sapl)
pMBC_5a from 19 (Sapl) to 64 (Sapl)
pMBC4 from 726 (Sapl) to 1211 (Sapl)

Size (kb) ng/ul ratio volume (ul
2.474

0.243
0.045
0.485

€ €2 K> K> K> K> K> K> K> K>
KIDIC>) (1> (€12 (€12 (€]>) (€]>) (K[> (<|>)(£]>

) wWater
DNA Mix Intermediate Volume

<>

Reaction Volume (ul) 10

DNA Mix Volume (ul)
Enzyme+Buffer Mix Volume

Reaction Conditions

Final DNA amount/concentration 6

Minimum pipette volume (ul) 0.3

v

A
v

S @ 1 nM= 1 fmole/ul = 0.001 pmole/u

Enzyme Stock concentration (X) C‘Sx (1:4)

2,

Reaction Notes adjust final conc. to 3 nM each fragment




If you enter the concentration of each of your fragments and your preferred molar ratio in
the reaction, it will calculate the required volumes in the Golden Gate DNA mix:

**Note that this calculation is based on each fragment in isolation (as if each is a PCR
product, for example).
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O @ Molecular Reaction Calculator

Molar Ratio Reaction Master Mix Multiplier Molarity

Reaction @olden Gate V)

Fragment Name Size (kb) ng/ul ratio fmoles volume (u
pMBC2 from 283 (Sapl) to 226 (Sapl 2.474 200 1 <1422.883.31

pMBC3 from 726 (Sapl) to 969 (Sap! 0.243 250 1 C 422.880.31

pMBC_5a from 19 (Sapl) to 64 (Sapl 0.045 90 1 C 422.880.30

pMBC4 from 726 (Sapl) to 1211 (Sap 0.485 400 1 C 422.880.35

€O €2 K> K> K> K> <> K> > K>

<> K> <> K> <> KD

) Water221.26
DNA Mix Intermediate Volume225.53

<>

Reaction Volume (ul) 10

DNA Mix Volume (ul) 8.0
E Enzyme+Buffer Mix Volume 2.0
‘ Reaction Conditions

Final DNA amount/concentration 6 S @ 1 nM= 1 fmole/ul = 0.001 pmole/i

A

Minimum pipette volume (ul) 03 |5

Enzyme Stock concentration (X) @x (1:4) V)

Reaction Notes adjust final conc. to 3 nM each fragment



If the fragments are contained in a larger piece of DNA (a plasmid, for example), you need
to reset the molecular calculator values:

action (Golden Gate ")

FI HiFi 2-3 fragment Size (kb
P HiFi 4-6 fragment 2.531
p/|  Gibson 2-3 fragment 3.23
o Gibson 4-6 fragment 3.472
SapTra
p pirap 2.676
v Golden Gate
T4 Ligation

NEB Quick Ligation

Reset Values

Save New Reaction...
Delete This Reaction...

ULUHGIVIY,

Then select the full plasmid sequences individually

Reaction @olden Gate V)

Fragment Name Size (kb
pMBC4.gbk >
pMBC_5a.gbk > I
PMBC2.gbk > B
pMBC3.gbk > '

Reset




violdl KdllO xedCuon

e
Reaction l\GoIden Gate V/i

Fragment Name
pMBC2

pPMBC3
pMBC4
pMBC_5a

Given the plasmid concentrations, the calculator will show the volumes required to be

vViasLer vix vidiupiuer

Size (kb)

2.531
3.23

3.472
2.676

mixed together to give the correct ratios of each DNA.

The case below calculates 0.58, 0.49, 0.53 and 0.30 ul of each DNA.
Note that the lowest volume is set to 0.3ul. If you want to calculate using lower volumes,

you can set the minimum pipette volume to a lower value.

<>

A
v

ng/ul

violarity

<> K> <> K>

<>

<>

ratio

<> K> <> K>

<>

<>

This Golden Gate recipe uses 3 nM each DNA final concentration in the reaction. With four

fragments, the user should set the final DNA concentration to 12 nM (4 fragments at 3nM

each).

The example below shows to add 17.51 ul of water to give the final required concentration

of total DNA.

Because the Golden Gate reaction in this example is specified as a 5x enzyme stock
concentration and a 10 ul reaction volume, the calculator shows using 8ul of DNA mix
(from the 19.41 ulintermediate DNA mix) and 2 ul of enzyme mix in the final reaction.

These values can be adjusted as preferred by the user.

volume (ul)



O Molecular Reaction Calculator

Molar Ratio Reaction Master Mix Multiplier Molarity

Reaction @olden Gate V)

Fragment Name Size (kb) ng/ul ratio fmolesvolur
pMBC2 2.531 200 [S1 C72.79 0.58
pMBC3 3.23 300 T 1 £ 7279 0.49
pMBC4 3.472 300 11 C 72.79 0.53
pMBC_5a 2.676 410 <11 C 72.79 0.30

(v) S g E

(v S g E

(v) S g E

(v) S g E

(v S g E

©Ill ¢ SIS

[#) Water17.5
DNA Mix Intermediate Volume19.4

<>

Reaction Volume (ul) 10

DNA Mix Volume (ul) 8.0
Enzyme+Buffer Mix Volume 2.0
Reaction Conditions

Final DNA amount/concentration 12 @ 1 nM= 1 fmole/ul = 0.001 pmole/t

A

Minimum pipette volume (ul) 03 T

Enzyme Stock concentration (X) @x (1:4) V)

Reaction Notes adjust final conc. to 3 nM each fragment






