
The Evolutionary Origins of Developmental Programs

Overview. Most multicellular organisms begin as a single cell. Their complex forms and organiza-
tion are built bottom-up following a developmental program encoded in their DNA. But how did
such developmental programs originate? Are they present in some primitive form in unicellular
organisms or are they a later innovation that evolves following the evolution of multicellularity?
Outlined below are two possible projects addressing these questions via models of different experi-
mental systems. These project descriptions are flexible and can be modified based on the interests
and skills of participants.

The evolution of organismal shape. A recent experiment in yeast found the evolution of multicellular
“snowflake” clusters from unicellular ancestors. Continued exposure to the experimental regime
resulted in the evolutionary appearance of additional traits including higher rates of apoptosis,
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larger cell size, and less spherically-shaped cells. These cellular adaptations
manifested in changes of the structure of the multicellular organism. Since
the environment experienced by cells is determined by the structure of the
group, there is a feedback between cell-level adaptations and the selective
environments they face. In a way, the cells drive their own evolution. It is
unknown if the ordering of these traits matter, e.g. was apoptosis the first
adaptation because it precipitates the others, or was it just random. A goal
of this project is to understand how cell-level changes manifest in group-
level adaptations and how this changes the selective environment. One
possible approach involves construction of a computer model/simulation
that takes in relevant cell properties from experimental data and grows multicellular yeast in silico.

Evolving a programmed life-cycle. One theory for the origins of developmental programs is that they
evolved from initially random responses. This makes some sense given that many organisms, such as
bacteria, frequently generate random responses as a form of bet-hedging. For example, pathogenic
bacteria switch between two forms: a fast-growing antibiotic-sensitive type and a slow-growing
antibiotic-resistant type. By randomly switching between these two forms, the bacteria can avoid
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extinction by antibiotics. Furthermore, by ap-
propriately tuning their rate of switching the
bacteria can also grow fast enough to outcom-
pete other bacteria. The question then be-
comes: given a context in which random strate-
gies have become well-tuned, how does a de-
terministic, i.e. programmed, response evolve?
To address this, we have a mathematical model
based on an experimental system of a bacteria
that switches between two forms as part of a
life cycle. This project would extend this model

and compete optimized random strategies against primitive deterministic strategies. The argument
would be that even maladapted deterministic strategies can trump the best that randomness can
offer.
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