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Assembly

1. The scales and methods of modular DNA assembly

2. Synthetic yeast chromosome construction



DNA Assembly
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DNA assembly for synthetic biology: from parts to pathways and beyond

Ellis, Adie and Baldwin
Integrative Biology April 2011



DNA assembly from base to genome
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DNA assembly methods

B current use M Past use [[]Do not use

Gibson assembly
de novo synthesis
BioBrick standard

Gateway cloning
BglBrick standard

SLIC

GoldenGate
USER

CPEC

MoClo

SLICE

BioFusion standard
DNA assembler
BioBytes standard
Freiberg standard
GoldenBraid

Aarl standard
PIPE

] L] L] 1 L}

0% 20% 40% 60% 80% 100%

L. Kah! & D. Endy Percent Respondents

J. Bio Eng May 2013



Different methods for different scales
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DNA assembly levels
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Different methods for different scales
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Moving up to the next level
Genome Synthesis and Design

INSIDE THIS WEEK: A 16-PAGE SPECIAL REPORT ON WATER

The battle of Banghok
Th & America’s surprising primaries
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The first artificial
organism and its
consequences

Synthetic Yeast 2.0

$C2.0 BUILD-A-GENOME DESIGN SOFTWARE TEAM FAQ SPONSORS

Jef Boeke, Johns Hopkins University, USA
http://biostudio.bme.jhu.edu/sc2/

A major international collaboration

Goals:
* Learn by building

* Enable new phenotypes by design
* Open access for everyone




Dymond et al 2011 - 2 synthetic chromosome arms in yeast
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Figure 1 | Maps of synIXR and semi-synVIL. Boxed text indicates elements
deleted in the synthetic chromosomes. Vertical green bars inside ORFs indicate
PCRTag amplicons; only sequences at the outside edges of these are recoded.
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ARS, autonomously replicating sequence. a, SynIXR. Vector is circular.
b, Semi-synVIL.




Sc2.0 — A global project
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Sc2.0 - Yeast Genome Engineering
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Step-by-step assembly of a synthetic yeast genome
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DNA synthesis is changing
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Step-by-step assembly of a synthetic yeast genome
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Replacing native sequence with synthetic in yeast

Makes use of
yeast’s ability to
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Sc2.0 design changes

Craig Venter — added watermark sequences at intergenic sites using a cryptic code
scientists’ names, famous quotes, email address (rest stays the same)

SC2.0 — many more changes...
1. Remove unwanted elements
Retrotransposons, subtelomeric repeats, introns (285 in yeast)

2. Relocate essential elements
Move tRNA genes to a dedicated chromosome

3. Introduce new elements
Symmetrical loxP sites inserted in the 3’UTR of all non-essential genes, and at
synthetic landmarks. This generates the SCRaMbLE toolkit.

4. Recode existing elements
With DNA synthesis it is possible to ‘silently’ change protein coding sequence by using
synonymous codons — change all TAG stop codons to TAA codons, incorporate unique
sequence tags for PCR and remove some restriction sites.




Automated refactoring of genomes

SC2.0
Symmetrical loxP sites inserted in the 3’UTR of all non-essential genes, and
at synthetic landmarks. This generates the SCRaMDbLE toolkit.
LoxPsym sites are cut and moved around by Cre recombinase

SC2.0 has inducible Cre expression. Add oestradiol = whole genome
shuffle
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Sc2.0: can we understand genome layout rules?

How does genomic and
nuclear location matter for
regulated gene networks
and metabolic pathways?

* Gene expression has been
shown to be significantly
affected by genomic location

* Metabolic pathways often
cluster in plants and
filamentous fungi.
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Applying Sc2.0 to Secondary Metabolism

Antibiotic Production
+ Sc2.0 Genome
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CDS Synthetic Fusion Peroxisomal  Promoter Terminator /:
CDS CDS Tag 77~OH

Penicillin Biosynthesis encoded into synthetic yeast chromosomes

Can yields be improved by genomic rearrangement?
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Sc2.0 - Yeast Genome Engineering (SUGER)
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SUGER and resources

e Access to synthetic and hybrid yeast strains and DNA building blocks

* High-throughput characterisation data of hybrid yeast strains

* Online repository: data, methods, software

* Improved DNA assembly methods for genome synthesis beyond yeast
* Software tools for genome synthesis beyond yeast

* Protocols for genome synthesis using super-cheap synthetic DNA

Annual workshop for genome synthesis and genome engineering
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http://syntheticyeast.eventbrite.com/
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