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Assembly	
  

1.  The	
  scales	
  and	
  methods	
  of	
  modular	
  DNA	
  assembly	
  

2.  SyntheAc	
  yeast	
  chromosome	
  construcAon	
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Pathways	
  and	
  Circuits 	
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Clusters/Regions 	
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  methods	
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DNA	
  assembly	
  levels	
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Moving	
  up	
  to	
  the	
  next	
  level	
  
Genome	
  Synthesis	
  and	
  Design	
  

Jef	
  Boeke,	
  Johns	
  Hopkins	
  University,	
  USA	
  
h2p://biostudio.bme.jhu.edu/sc2/	
  
	
  
A	
  major	
  internaAonal	
  collaboraAon	
  
	
  
Goals:	
  
• 	
  Learn	
  by	
  building	
  
• 	
  Enable	
  new	
  phenotypes	
  by	
  design	
  
• 	
  Open	
  access	
  for	
  everyone	
  



Dymond	
  et	
  al	
  2011	
  -­‐	
  2	
  syntheAc	
  chromosome	
  arms	
  in	
  yeast	
  



Sc2.0	
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  A	
  global	
  project	
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Sc2.0	
  -­‐	
  Yeast	
  Genome	
  Engineering	
  



CHUNKS	
  (10	
  kb)	
  
Buy	
  from	
  Genscript,	
  
GeneArt,	
  DNA2.0,	
  etc.	
  
	
  
BLOCKS	
  (0.8	
  kb)	
  
Buy	
  from	
  IDT,	
  Gen9	
  etc.	
  
	
  
OLIGOS	
  (80	
  to	
  120	
  nt)	
  
Buy	
  from	
  IDT,	
  Agilent,	
  and	
  
many	
  others.	
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  synthesis	
  is	
  changing	
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Replacing	
  naAve	
  sequence	
  with	
  syntheAc	
  in	
  yeast	
  

ReiteraAve	
  
RecombinaAon	
  
Method	
  
	
  
Requires	
  two	
  
selectable	
  
markers	
  
	
  
Makes	
  use	
  of	
  
yeast’s	
  ability	
  to	
  
recombine	
  
matching	
  
sequences	
  
	
  
SERIAL	
  process	
  



Sc2.0	
  design	
  changes	
  
Craig	
  Venter	
  –	
  added	
  watermark	
  sequences	
  at	
  intergenic	
  sites	
  using	
  a	
  crypAc	
  code	
  

	
   	
  scienAsts’	
  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	
  essenAal	
  elements	
  

	
  Move	
  tRNA	
  genes	
  to	
  a	
  dedicated	
  chromosome	
  
	
  
3.  Introduce	
  new	
  elements	
  

	
  Symmetrical	
  loxP	
  sites	
  inserted	
  in	
  the	
  3’UTR	
  of	
  all	
  non-­‐essenAal	
  genes,	
  and	
  at	
  
syntheAc	
  landmarks.	
  This	
  generates	
  the	
  SCRaMbLE	
  toolkit.	
  

	
  
4. 	
  Recode	
  exisAng	
  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	
  restricAon	
  sites.	
  



Automated	
  refactoring	
  of	
  genomes	
  

SC2.0	
  
	
  Symmetrical	
  loxP	
  sites	
  inserted	
  in	
  the	
  3’UTR	
  of	
  all	
  non-­‐essenLal	
  genes,	
  and	
  
at	
  syntheLc	
  landmarks.	
  This	
  generates	
  the	
  SCRaMbLE	
  toolkit.	
  
	
  LoxPsym	
  sites	
  are	
  cut	
  and	
  moved	
  around	
  by	
  Cre	
  recombinase	
  
	
  SC2.0	
  has	
  inducible	
  Cre	
  expression.	
  	
  	
  	
  Add	
  oestradiol	
  =	
  whole	
  genome	
  
shuffle	
  

	
  
	
  

AutomaLc	
  refactoring	
  of	
  
genome	
  Un-­‐needed	
  genes	
  
will	
  be	
  lost	
  



Flagfeldt et al. Yeast 2009 

• 	
  Gene	
  expression	
  has	
  been	
  
shown	
  to	
  be	
  significantly	
  
affected	
  by	
  genomic	
  locaAon	
  
	
  
• 	
  Metabolic	
  pathways	
  oqen	
  
cluster	
  in	
  plants	
  and	
  
filamentous	
  fungi.	
  

	
  Sc2.0:	
  can	
  we	
  understand	
  genome	
  layout	
  rules?	
  

EvoluAon	
  of	
  DAL	
  cluster	
  Wong	
  et	
  al.	
  Nat	
  Gene=cs	
  2005	
  

How	
  does	
  genomic	
  and	
  
nuclear	
  locaLon	
  maTer	
  for	
  
regulated	
  gene	
  networks	
  
and	
  metabolic	
  pathways?	
  



Applying	
  Sc2.0	
  to	
  Secondary	
  Metabolism	
  

AnAbioAc	
  ProducAon	
  
+	
  Sc2.0	
  Genome	
  

Penicillin	
  Biosynthesis	
  encoded	
  into	
  syntheAc	
  yeast	
  chromosomes	
  
	
  
Can	
  yields	
  be	
  improved	
  by	
  genomic	
  rearrangement?	
  



UK	
  Chromosome	
  
SynChr	
  XI	
  –	
  0.67	
  Mbp	
  

Sc2.0	
  -­‐	
  Yeast	
  Genome	
  Engineering	
  (SUGER)	
  



SUGER	
  and	
  resources	
  

•  Access	
  to	
  syntheAc	
  and	
  hybrid	
  yeast	
  strains	
  and	
  DNA	
  building	
  blocks	
  

•  High-­‐throughput	
  characterisaAon	
  data	
  of	
  hybrid	
  yeast	
  strains	
  

•  Online	
  repository:	
  data,	
  methods,	
  soqware	
  

•  Improved	
  DNA	
  assembly	
  methods	
  for	
  genome	
  synthesis	
  beyond	
  yeast	
  

•  Soqware	
  tools	
  for	
  genome	
  synthesis	
  beyond	
  yeast	
  

•  Protocols	
  for	
  genome	
  synthesis	
  using	
  super-­‐cheap	
  syntheAc	
  DNA	
  

•  Annual	
  workshop	
  for	
  genome	
  synthesis	
  and	
  genome	
  engineering	
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