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Who	
  needs	
  digital	
  storage?	
  



Other	
  examples	
  of	
  DNA	
  storage	
  
Gibson	
  et	
  al,	
  2010	
  
Synthe'c	
  Genomics	
  

George	
  Church,	
  2012	
  
Regenesis	
  

Bible	
  quote	
  to	
  
Morse	
  code	
  to	
  
DNA	
  code	
  to	
  
expressed	
  protein	
  

Eduardo	
  Kac,	
  1999	
  
GENESIS	
  

Watermarks	
  with	
  46	
  
authors	
  and	
  James	
  
Joyce	
  and	
  Richard	
  
Feynman	
  quotes	
  

(-­‐)	
  	
  	
  living	
  systems	
  are	
  unreliable,	
  
	
  exis\ng	
  examples	
  don’t	
  
	
   	
   	
  scale	
  and	
  $$$$	
  

(+) 	
  storage	
  dense	
  (2	
  bits/nt)	
  	
  
	
   	
   	
  (455	
  exabytes/gram)	
  

	
  	
  	
  	
  	
  	
  	
  	
  “naturally	
  readable”	
  



• ASCII	
  txt	
  
• PDF	
  
• JPEG	
  2000	
  
• MP3	
  
• Huffman	
  code	
  (way	
  
of	
  compressing	
  info)	
  

TOTAL	
  =	
  757,051	
  
bytes	
  of	
  informa'on	
  

Proof	
  of	
  concept	
  	
  



Encoding,	
  Synthesizing,	
  Decoding	
  



Encoding,	
  Synthesizing,	
  Decoding	
  

then add “indexing” and “orientation” info 	





Encoding,	
  Synthesizing,	
  Decoding	
  



Encoding,	
  Synthesizing,	
  Decoding	
  



Fig.	
  1	
  



Encoding,	
  Synthesizing,	
  Decoding	
  

Beaucage	
  SL,	
  Caruthers	
  MH.	
  (1981)	
  Tetrahedron	
  Lei.	
  22,	
  1859-­‐62.	
  



Encoding,	
  Synthesizing,	
  Decoding	
  



Key	
  Ques\ons	
  

1.  Can	
  large	
  amounts	
  of	
  data	
  be	
  stored	
  using	
  
DNA?	
  

2.  Is	
  decoding	
  accurate?	
  

3.  Is	
  DNA-­‐storage	
  cost-­‐effec\ve?	
  



Bytes	
   Efficiency	
  

103	
  	
   88%	
  

1018	
   >65%	
  

DNA-­‐based	
  Storage	
  Feasible	
  for	
  Large	
  Data	
  

Projected	
  2	
  magnitude	
  
reduc\on	
  in	
  cost	
  

Encoding	
  Efficiency	
  



Zero	
  Percent	
  Error	
  Rate	
  aper	
  Reading	
  More	
  Than	
  
2%	
  of	
  Sample	
  



DNA-­‐based	
  Storage	
  Ideal	
  for	
  Long-­‐Horizon	
  
Archives	
  with	
  Low	
  Access	
  Rates	
  

•  LHC	
  stores	
  90%	
  of	
  data	
  on	
  
magne\c	
  tape	
  

•  Magne\c	
  tape	
  needs	
  to	
  be	
  
rewriien	
  periodically	
  to	
  counter	
  
data	
  loss	
  resul\ng	
  from	
  magne\c	
  
field	
  breakdown	
  	
  

•  Shortest	
  breakeven	
  \me:	
  ~100	
  
years	
  

5	
  Years	
   5-­‐10	
   10+	
  



SVALGARD	
  GLOBAL	
  SEED	
  VAULT	
  
810	
  MILES	
  FROM	
  NORTH	
  POLE	
  







Assump\ons	
  

•  Cost	
  of	
  synthesis	
  will	
  decrease	
  100x	
  
•  No	
  public	
  wariness	
  
•  DNA	
  will	
  remain	
  stable	
  and	
  fully	
  readable	
  over	
  all	
  
periods	
  of	
  \me	
  

•  Current	
  decoding	
  prac\ces	
  will	
  s\ll	
  be	
  in	
  place	
  and	
  
understandable	
  in	
  500+	
  years	
  

•  Preferable	
  to	
  not	
  maintain	
  records	
  



Limita\ons	
  

•  Accessibility	
  
•  Not	
  widespread	
  informa\on	
  storage	
  plan	
  

•  Consume	
  10%	
  of	
  informa\on	
  every	
  \me	
  you	
  
decode	
  

•  Not	
  yet	
  cost-­‐effec\ve	
  
•  Easily-­‐suscep\ble	
  to	
  environmental	
  damage	
  



Significance	
  

•  Proof	
  of	
  concept	
  of	
  DNA	
  as	
  a	
  dense	
  and	
  
stable	
  informa\on	
  storage	
  system	
  

•  DNA	
  as	
  storage	
  device	
  for	
  mul\ple	
  file	
  
types	
  

•  DNA	
  as	
  a	
  computer	
  language	
  

•  Cool	
  science!	
  



Pros 	
  	
  
•  Low	
  maintenance	
  	
  

•  Low	
  error-­‐rate	
  
•  Addresses	
  the	
  problem	
  of	
  long-­‐term	
  data	
  storage	
  

Cons	
  
•  Cost-­‐effec\veness	
  
•  Accessibility	
  
•  Public	
  hesita\on	
  towards	
  biology	
  



Discussion	
  Ques\ons	
  

•  What	
  are	
  some	
  concerns	
  the	
  general	
  public	
  
would	
  have	
  about	
  DNA-­‐based	
  storage?	
  

•  Would	
  it	
  be	
  wise	
  to	
  put	
  vital	
  informa\on	
  such	
  
as	
  government	
  informa\on	
  and	
  historical	
  
records	
  in	
  a	
  rela\vely	
  inaccessible	
  place?	
  

•  How	
  likely	
  are	
  people	
  to	
  adopt	
  DNA-­‐storage	
  in	
  
the	
  near	
  future?	
  


