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(1/10) Injecting Fertilized Embryos to Determine Cell Type

http://www.youtube.com/watch?v=PaxmqKDUtw8


(2/10) Removing Vitelline Membrane

http://www.youtube.com/watch?v=qDwx6nFGbvM


(3/10) Removing animal caps

http://www.youtube.com/watch?v=yUeBXL8ZdA4


(4/10) Separating Ectoderm From Dissociated Inner Cells

http://www.youtube.com/watch?v=cbse90bO6GM


(5/10) Pooling Cells

http://www.youtube.com/watch?v=pEAn4EXiM7o


(6/10) Transferring Cells to Wells

http://www.youtube.com/watch?v=qXg5aVelxOc


(7/10)  Pooled Cells Re-adhere

http://www.youtube.com/watch?v=IahW47YlLOg


(8/10)  Reaggregated Cells Develop

http://www.youtube.com/watch?v=LRpJoRLb6PA


(9/10)  Cauterize and Sculpt Rough Shape

Target shape.

http://www.youtube.com/watch?v=SNI6J6nju_E


(10/10)  Sculpt Final Features

Target shape.

http://www.youtube.com/watch?v=uRuZgNjYaNI




Kriegman, S., Blackiston, 
D., Levin, M., & Bongard, 
J. (2020). PNAS.

cdorgs.github.io

http://www.youtube.com/watch?v=MuwNzfrNbcY


Kriegman, S., Blackiston, 
D., Levin, M., & Bongard, 
J. (2020). PNAS.

cdorgs.github.io



Kriegman, S., Blackiston, 
D., Levin, M., & Bongard, 
J. (2020). PNAS.

cdorgs.github.io



Kriegman, S., Blackiston, 
D., Levin, M., & Bongard, 
J. (2020). PNAS.

cdorgs.github.io

http://www.youtube.com/watch?v=5DIvLtFihSk




Kriegman, S., Blackiston, 
D., Levin, M., & Bongard, 
J. (2020). PNAS.

cdorgs.github.io

http://www.youtube.com/watch?v=98gaozxQNuA


Kriegman, S., Blackiston, 
D., Levin, M., & Bongard, 
J. (2020). PNAS.

cdorgs.github.io

http://www.youtube.com/watch?v=4XSyqFMi7Ko


Self repair
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Synthetic biology

Heart cells embedded in silicone jellyfish.
J. Nawroth et al. Nature biotechnology (2012).

Human-designed

organisms biohybrids

1 mm



Synthetic biology

Human-designed

organisms biohybrids

Optogenetically controlled heart muscle stingray.
S. Park et al. Science (2016). 

2 mm



Synthetic biology

Computer-designed
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Reconfigurable 
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Optogenetically controlled heart muscle stingray.
S. Park et al. Science (2016). 

2 mm



Computer-designed organisms:
Evolutionary algorithm discovers novel forms with desired function, then manually manufactured.

 cdorgs.github.io

Future Work
Automating manufacture.
Gain control of spotaneously-appearing useful function.
Adding new

tissue types
sense organs
“Actuators”
Nervous tissue
Cells from other species

Automated improvement of “sim2life” transferal.
“Cracking the bioelectric code”
Finding new collaborators
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SGD

SGDre

= Age Fitness Pareto Optimization (Schmidt & Lipson, 2011)
= Parameter-exploring policy gradients (Senkhe et al., 2010)
= PEPG with restarts

(531,441 possible designs)

(3.87 x 108 possible designs)

(38=6,561 possible designs)


