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Why should you use
Golden Gate/MoClo?

® Applications

* Modular designs with exchangeable parts

* Gene cluster refactoring

* Metabolic engineering/Synthetic Metabolism
* Genetic circuits

e Multi gene constructs

® Advantages

* Up to 24 part cloning in one pot reaction

* Sequencing not necessary (if parts are sequenced)
* No time consuming primer ordering for new designs
* High throughput very easy achievable

e (Can be automated



What has been done before?
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What has been done before?

® Origin of MoClo

* A Modular Cloning System for Standardized Assembly of

Multigene Constructs (Weber, Marillonnet et a/, 2011)
e Based on many vectors as a toolkit

® Different Variants/
Chassis Organisms

¢ common standard for plant/phototrophic chassis

* Bacterial (E.Coli/Vibrio), bakers yeast, pichia, yarrowia,
mammalien cells, cyanobacteria

* |terative cloning / hierarchical cloning

Pathway engineering
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What has been done before?

® Origin of MoClo

A Modular Cloning System for Standardized Assembly of
Multigene Constructs (Weber, Marillonnet et a/, 2011)
Based on many vectors as a toolkit

® Different Variants/
Chassis Organisms

common standard for plant/phototrophic chassis
Bacterial (E.Coli/Vibrio), bakers yeast, pichia, yarrowia,
mammalien cells, cyanobacteria

Iterative cloning / hierarchical cloning

OpenPlant

sharing tools for a sustainable future
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What has been done before?

® Origin of MoClo

* A Modular Cloning System for Standardized Assembly of
Multigene Constructs (Weber, Marillonnet et a/, 2011)
e Based on many vectors as a toolkit

® Different Variants/
Chassis Organisms

¢ common standard for plant/phototrophic chassis

* Bacterial (E.Coli/Vibrio), bakers yeast, pichia, yarrowia,
mammalien cells, cyanobacteria

* |terative cloning / hierarchical cloning

Miscellaneous
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What has been done before?

A. Source DNA —
PCR templates, DNA synthesis, oligonuclectides T e

BsmBl assembly
into part plasmid entry vector

B. Part plasmids
Part Types have predefined flanking overhangs, ensuring interchangeability.

1 2 3 4 5 G T 8
. Bacterial
Assembly Coding ) Assembly  Yeast Yeast
Connector Promoter Sequence Terminator Connector  marker origin ar:nﬁa:r:i:rin

Bsal assembly
of parts into a cassette plasmid

C. Cassette plasmids
Fully assembled “transcriptional units” enable expression of single genes in yeast.
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BamBl assembly
of cassettes into a multigene plasmid
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D. Multigene plasmids
Large plasmids contain multiple transcriptional units for expressing many genes at once
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The Modular cloning
principle

Connector ﬁ Terminator Bsal
r" Promoter .I Connector

DRBS O
Antibiotic

Level 0 Level 1 Level 2
Single genetic part. Transcriptional unit (TU) Multigene casette
built out of level 0 parts. built out of level 1 plasmids.




101 Golden Gate
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O TYPE Il ENZYMES

Type Il Enzymes cut inside of there recognition sequence
Can be scarless




101 Golden Gate

O TYPE IIS ENZYMES

Type IIS Enzymes cut outside of there recognition sequence
Can be scarless




101 Golden Gate

O TYPE IIS ENZYMES

Type IIS Enzymes cut outside of there recognition sequence
Can be scarless
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101 Golden Gate

Part
MM
»Recognltlon site
stays in the part
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101 Golden Gate

50"'0?{2;':[0?’ Promotor + 5'UTR RBS Coding sequence (CDS) Terminator 3&?..’;'2:.13 Marker + Ori
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®» Modular Cloning

Fusion sites are standardized
Allows exchangeability of parts (level 0, e.g promoter)
with other labs/groups

M1,M2, M3 and M4 were introduced by the iGEM Team Marburg 2018
and rationally designed



101 Golden Gate
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BsmBl (4)
Bsal (8)

RI0D001-sequencing primer fW}AK 3127
3
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erminator

BBa_J72163 GIpT Promoter
sfGFP Ribosome Binding Site
BsmBl cut site

C-> A mutation manually included ...

8.
- pRIO001 Universal acceptor vector ...
3,127 bp -3
B Terminator
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1,600

\@NIODDZ— sequencing primer rv

Level O

Universal Acceptor Vector

E.Coli GFP cassette for selecting the colonies
Chloramphenicol resistance

Level 0 Part creation
Parts can be created by PCR or DNA Synthesis
Must be free of Bsal and BsmBI recognition sites
Primer w/ specific overhangs to create fusion site
Level O golden gate reaction



Level 1

@Transcription unit assembly

BBa_BOO15T i . .
PR Terminator Parts from different Level O types are assembled in one pot

Highly modular, libraries for fast testing

Usually standardized antibiotic resistance for level 1 (Amp)

Lvl0_8_Amp/ColE1 Part
2,789 bp

»~Bba_R0040 TetR Promoter
Bsal(1)
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Library Cloning

) | Part library
N . d r D Replacing placeholder by
L a -~ bp part library
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The Cloning Workflow
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Level 0

Single genetic part.

Bsal

—

Level 1
Transcriptional unit (TU)
built out of level 0 parts.

Level 2

Multigene casette
built out of level 1 plasmids.



Golden Gate in your Lab

® Pipette all your parts together
Golden Gate assembly allows for cloning in a one pot reaction.
Parts, enzyme and ligase are pipetted together and put into a
thermocycler.

® Cyclic/thermocycler reaction

Step 1 37°C 2 min

Step 2 16°C 5 min } x90
Cyclesteps1&2 x50

Step 3 50°C 10 min

Step 4 80°C 10 min
Total Time ~6h (370min)

37°C for the restriction enzyme

16°C for the ligase

50°C as a final digest (to remove original plasmid)
80°C for enzyme inactivation



Transformation of
Golden Gate reactions

® Competent cells
Dh5a or Top10 should be used. For level 0 the efficiency is not
critical. For Level 1 (many fragments) the transformation
efficiency is crucial.

® Transformation
2-5 uL of each assembly reaction
50 pL competent cells
recovery for 1h (amp) to 2h (Kan, Chloramphenicol).

® Picking the colonies
For level 0 white colonies should be picked, GFP cassette allows
selection (green colonies are wrong).

For level 1 and 2 white colonies should be picked, RFP cassette
allows selection (red colonies are wrong).




Automation for MoClo/
Golden Gate
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® Echo 525

The Echo is able to transfer nanoliter droplets in multi-well
plates and enables golden gate reaction in 1-2 ul Volume

Opentrons O0T-2 ©
The Opentron is an affordable alternative to bring
automation into your lab. The last years Marburg

Team developed an easy to use software for Golden
Gate library cloning.
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