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Abstract  

The Regeneration of the Earth is an 
artwork that simulates the re-mergence of 
life on our planet after the sixth extinction. 
The system begins as an acidic sludge, a 
hostile environment seeded with a small 
number of digital entities that exist as a 
random collection of energy profiles and 
genomic instructions. Members of this 
'generation 0' are not guaranteed survival. 
However, though horizontal gene transfer 
(conjugation, transformation, and 
transduction), entities are able to evolve. 
Over time, this initial population may gain 
the ability to sense, move, mutate, 
replicate, compete, or co-operate. In 
Regeneration, the fitness test is 
environmental sensitivity. Entities can 
evolve their instruction codes to gain 
greater adaptability to co-habitants and to 

the world around them by developing 
cross-type or multifaceted genomes. 
Ultimately, the more sensitive an entity is 
to its environment and its co-habitants, the 
greater its chances for survival.  

Keywords: synthetic ecology, origins of 
life, gene transfer 

1. Introduction 

In this artwork, I apply recent 'origins of 
life' theories to a simulation that attempts 
to describe the re-emergence of life after 
the sixth extinction.  

The model initializes as a hostile, toxic 
environment seeded with eighty to one 
hundred agents – briefs sets of 
instructions that may or may not survive 
their extreme surroundings. Entities use 
world materials to create energy and carry 
out lifecycle events. These entities 
execute their instruction sequences 
according to the order prescribed by their 
genome 'operator' and at the rate 
prescribed by their energy profile. Entities 
that reach high enough energy levels are 
allowed to join networks or communities 
based on their entity type. Even entities 
that are group members are not 
guaranteed survival, but group members 
are able to benefit from the resources of 
group membership. Entities may evolve 
both with and apart from groups and can 
gain the ability to replicate or transfer 
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genetic material across a group or 
network. Using the measure of an entity's 
sensitivity to its environment and its co-
habitants as its fitness test, a reaper 
function periodically sweeps the 
population and eliminates the lowest 
scoring or least sensitive twenty percent 
of entities ijn the environment. A 
generation function then reseeds the 
population at random. 

Regeneration is an artwork intended to 
operate as a metaphorical system. It does 
not intend to model chemical processes 
statistically.  

2. Project Overview 

In Regeneration, the agent environment    
consists of composites or world materials 
(acid, heat, light, metal, plastic, radiation), 
agents or entities (acidophiles, halos, 
gammons, metallics, thermophiles), 
facilitators (donors, cooperators), 
communities (colonies, films, vents, 
vortices), and clocks (reaper, generation).  

On startup, the system is initialized with 
somewhere between ninety and one 
hundred entities. Entities are immediately 
able to consume certain materials from 
the environment as well as output other 
materials to the environment. These 
allowable inputs and outputs are what 
define an entity's 'type'  as described in 
Figure 1.  

2.1 Design of Entities 

Each individual entity consists of an 
energy profile, a genome, and an 
operator. From inception, an entity's type, 
sensitivities, and abilities are controlled by 
a short set of instructions – an array of 0s 
and 1s -- meant to act as an entity 
genome. The interpretation of this 
genome is controlled by an operator, a 
function that moves across the 'genome' 
string array to determine which 'gene 

settings' are expressed and in which 
order.  

Entities are also created with energy 
profiles that regulate an operator's 
efficiency along with the operator's rate of 
computation. Entity types were designed 
with initial lifecycle  thresholds, including 
trigger events for phase and fracture 
behaviours intended to help visualize 
possibly emergent states that might occur 
in the simulation. The structure of entities 
is described in Figure 2. 

 

 

2.2 Design of Genome 

In this system, genomes can be through 
of as an entity's 'blue print' or 'type 
identity', but a better metaphor would be 
to consider the genome array as an 
evolving set of strategies  for survival in a 
hostile environment. Genomes control 
each agent's sensitivity to world materials, 
their abilities, their energy efficiencies, 
their transfer styles, their community 
opportunities, and the sequential strategy 
of the agent's operator. Genomes evolve 
through the horizontal transfer of genetic 
information across an entity's available 
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networks. The sector organization of the 
genome array is described in Figure 3. 

Entities that attain high enough energy 
profiles gain the ability to join communities 
or networks and are thereby able to share 
genomic instructions with others in their 
group. Initially, no entities have the ability 
to replicate. The genome setting allowing 
replication  must be 'flipped' or 'turned on'  
through mutation or genetic transfer. On 
instantiation, entities  with positive energy 
profiles can form networks based on type, 
but as genome settings are exchanged 
and mutations occur, entities can and are 
expected to develop as type hybrids that 
are able to share genomic information 
across multiple groups and absorb more 
kinds of materials from the environment. 
Ultimately, these heightened sensitivities 
raise the energy profile for advanced 
entities hypothetically allowing them to 
reach more complex levels of evolution.  

2.2 Transfer 

Horizontal, or lateral, gene transfer (HGT) 

refers to the nonsexual exchange of 
genetic information between unrelated 
genomes. HGT can include transfers 
across species boundaries. This concept 
is used here as a genomic survival 
strategy for entities attempting survival in 
a post-extinction environment.  

An entity's genome controls its style of 
transfer. Entities can insert elements of 
their genome into a neighbor's genome 
(conjugation), consume elements of that 
neighbor's genome (transformation), or 
take elements from one neighbor's 
genome and insert those elements into 
another neighboring genome 
(transduction). An example of an 
acidophile genome after several styles of 
HGT is described by Figure 5. 

Genetic exchange also affects energy 
rates and operators. Exchange is also 
open to mutation. Since entities must pass 
a fitness test that values environmental 
sensitivity, and since genomes control the 
consumption of material as well as action 
and sensation in the environment, 
genomes with the greatest number of 
abilities, or the greatest amount of variety, 
have higher survival rates. An entity's 
ability to sense change in the environment 
becomes its survival strategy. 

 

 

4. References 

Ackley, David H. “ccr: A network of worlds 
for research.” In Artificial Life V, pp. 116-
123. 1996. 

Adami, Chris, C. Titus Brown, and W. 
Kellogg. “Evolutionary learning in the 2D 
arti cial life system ‘Avida’.” In Arti cial life 
IV, vol. 1194, pp. 377-381. Cambridge, 
MA: MIT press, 1994. 



XXII Generative Art Conference - GA2019 
 

page 4 
 

Altvater, Elmar, Eileen Crist, Donna 
Haraway, Daniel Hartley, Christian 
Parenti, and Justin McBrien. 
Anthropocene or capitalocene?: Nature, 
history, and the crisis of capitalism. Pm 
Press, 2016. 

Forrest, Stephanie, Justin Balthrop, 
Matthew Glickman, and David 
Ackley.“Computation in the Wild.” Robust 
design: A repertoire of biological, 
ecological, and engineering case studies 
(2005): 207-230. 

Gerday, Charles, and Nicolas Glansdorff. 
Physiology and biochemistry of 
extremophiles. ASM press, 2007. 

Holland, John Henry. Hidden order: how 
adaptation builds complexity. No. 003.7 
H6. 1995. 

Holland, John H. “Echoing emergence: 
Objectives, rough de nitions, and 
speculations for echo-class models.” In 
Complexity, pp. 309-342. Perseus Books, 
1999. 

Islas, Sara, Ana MarÍa Velasco, Arturo 
Becerra, Luis Delaye, and Antonio 
Lazcano. “Extremophiles and the origin of 
life.” In Physiology and biochemistry of 
extremophiles, pp. 3-10. American Society 
of Microbiology, 2007. 

Johnston, John. The allure of machinic 
life: Cybernetics, arti cial life, and the new 
AI. MIT Press, 2008. 

Klimenko, Alexandra Igorevna, Yury 
Georgievich Matushkin, Nikolay 
Alexandrovich Kolchanov, and Sergey 
Alexandrovich Lashin. “Bacteriophages 
affect evolution of bacterial communities 
in spatially distributed habitats: a 
simulation study.” BMC microbiology 16, 
no. 1 (2016): S10. 

Lenski, Richard E., Charles Ofria, Robert 
T. Pennock, and Christoph Adami. “The 

evolutionary origin of complex features.” 
Nature 423, no. 6936 (2003): 139. 

McNichol, Jesse. “Primordial soup, fool’s 
gold, and spontaneous generation.” 
Biochemistry and Molecular Biology 
Education 36, no. 4 (2008): 255-261. 

Ray, Thomas S. Evolution, ecology and 
optimization of digital organisms. 
Technical Report 92-08-042, Santa Fe 
Institute, Santa Fe, NM, 1992. 

Skippington, Elizabeth, and Mark A. 
Ragan. “Lateral genetic transfer and the 
construction of genetic exchange 
communities. ”FEMS microbiology 
reviews 35, no. 5 (2011): 707-735. 

Taylor, Tim. The COSMOS arti cial life 
system. Edinburgh University, 1997. 

Taylor, Timothy J. “From artificial 
evolution to artificial life.” (1999). 

Turk, Greg. “Sticky Feet-Evolution in a 
Multi-Creature Physical Simulation.” In 
ALife, pp. 496-503. 2010. 

Vetsigian, Kalin, Carl Woese, and Nigel 
Goldenfeld. “Collective evolution and the 
genetic code.” Proceedings of the 
National Academy of Sciences 103, no. 
28 (2006): 10696-10701. 


