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Week 5 look ahead

DNA sequencing (reading) 

DNA synthesis (writing)

Team rules & priority setting tools 

CONCEPT
SKILL

Surfing exponentials

Interconvertibility of matter and information

WE ARE HERE



DNA read/write increasingly affordable 

Q. what becomes possible as DNA read/
write becomes more affordable?



1990, DNAr @ $2/base, $6 billion!

https://en.wikipedia.org/wiki/Human_Genome_Project

A. can set out to sequence human 
genome for first time… 



2011-15, DNAr @ $1E-6/base, $1000!

https://geneton.sk/en/trisomytest-non-invasive-prenatal-screening/

A. can determine properties of fetus from 
fetal DNA circulating in woman’s blood.



2020, DNAr @ $1E-7/base…

https://www.pooprints.com/

A. can register your dog’s DNA and assign blame 
to neighbors who don’t clean up after their pets.



20??, DNAr @ $???/base…

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002168

A. when should we expect to have 
sequenced all DNA on earth?  



2003, DNAw @ $4/base, $4000/gene!

https://en.wikipedia.org/wiki/Human_Genome_Project

A. can afford to synthesize genes for 
undergraduates for the first time… 



2010, DNAw @ $0.50/base
($500,000/small bacterial genome!)

https://science.sciencemag.org/content/329/5987/52

A. can afford to synthesize a small 
bacterial genome from scratch…



2017/18, DNAw @ $0.10/base
($1,000,000/eukaryotic genome)

https://science.sciencemag.org/content/329/5987/52

A. can afford to enable undergrads to attempt 
building cells, can rebuild single-cell eukaryotes…



20??, DNAw @ $???/base

A. when should we expect to be capable of 
synthesizing a human genome from scratch…



Luxo Jr., Pixar Animation Studios

How to surf accelerating waves?



http://www.wired.com/2013/04/how-pixar-used-moores-law-to-predict-the-future/

“When the group moved to California to become part of Lucasfilm, 
we got close to making a computer-animated movie again in 
the mid-1980s — this time about a monkey with godlike powers 
but a missing prefrontal cortex. We had a sponsor, a story 
treatment, and a marketing survey. We were prepared to make a 
screen test: Our hot young animator John Lasseter had sketched 
numerous studies of the hero monkey and had the sponsor 
salivating over a glass-dragon protagonist. 

But when it came time to harden the deal and run the numbers for 
the contracts, I discovered to my dismay that computers were 
still too slow: The projected production cost was too high and the 
computation time way too long. We had to back out of the deal. 
This time, we [knew enough] to correctly apply Moore’s Law — [] we 
had to wait another five years to start making the first movie.  
And sure enough, five years later Disney approached us to make 
Toy Story.” — Alvy Ray Smith



How much cheaper did computer 
rendering of animated movies get 

between ~1985 and ~1990?

What information do you need to answer this question?



http://en.wikipedia.org/wiki/Moore%27s_law



Take away lesson… for Toy Story to arrive in theaters in 1995, 
people had to be making smart decisions in 1985… how?  

By understanding underlying trends in key tools.  
What smart decisions should bioengineers be making today?

How to surf accelerating waves?



But wait…

Not just quantitative change…

Qualitatively new opportunities 
emerge…



2. Screen 
& breed

3. Edit w/ 
intention

To begin to ponder… 
Life goes via four regimes  

1. Natural 
lineages

4. Networked & 
lineage agnostic



Download & print COVID from the web 



DNA as an abiotic tape for storing arbitrary 
digital data.  Storage market > biotech.   



Encode a library in a test tube





Embed arbitrary info. in arbitrary objects



~1 kWh electricity = ~ 1 (to 30) grams biomass
~$0.11 = ~ 1 (to 30) courses of antibiotics

    From electricity to formate, 
                         from formate to bio-stuff



Who will make the world’s first 
personal biology synthesizer (aka, the PB)?







https://www.smithsonianmag.com/smart-news/what-happens-when-you-culture-bacteria-eight-year-olds-hand-180955528/

What if skin microbes could be
      programmed to make living perfumes?   
                  (that monitor blood sugar level, infection, other)



Q. How will this box change the world?

Q. What will the “PB” + the “bionet” lead to?

Personal
Biosynthesizer 

(PB)

electricity

internet
(biocode)

air
(N2, CO2, H2O)

whatever 
biology can be 
programmed to 
make or do…

A. “design anywhere, grow everywhere”



Friday — Team Project — Priority Setting

First 15’ of class will be discussion 
with pioneering leader of organization 
whose mission is to help individuals 
understand their DNA.  

Be here to learn what this person has 
learned about making decisions and 
setting priorities! 


