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For my term project I have been researching convergence and the theory of optimal
design through different comparisons of organisms. Reading these studies I have learned of the
many forms convergence can take beyond the physical, such as convergence in gene circuits
within microorganisms and convergence in glycoproteins within fish." After researching this
topic in multiple studies the question of optimal design still remains. I have come up with my
own questions based on optimal design but instead of focusing on physics I have based it on the
genetic potential every organism possesses to evolve. The theory of optimal design comes from
Simon Conway Morris of Cambridge University, who theorised that the laws of physics limit the
ways a species can evolve and therefore different species can develop similar traits. The specific
traits that Morris is talking about are the construction of wings across species such as many
insects, mammals, and birds.> Morris theorizes that wings evolved similarly across these species
thanks to the laws of physics and since the number of possible solutions for flight is limited by
physics, other traits must be limited by other laws of physics. While I agree with Morris in that
physics would come into play with the success of a bird's ability to fly I think that convergence
traits arise due to similar environmental shifts or because organisms share the same genetic
material needed to fulfill a basic function and therefore that function is consistent across species.
The genetic potential within organisms pertains to mutations in their genes leading two different
organisms to a similar result. The problem with using physics as a basis for convergence is that
there is a lot of grey area or instances where physics does not play a major role. For example, the
construction of limbs across species is functionally similar but physically differently®. The
species were evolving to keep up with their changing environment and the ability to move across
changing terrain would lead to getting more food from further areas and getting away from
predators. Other organisms have adapted to survive in their changing environment by altering
their internal mechanisms and the proteins that they produce.

Fish in the northern and southern poles have both evolved to produce antifreeze
glycoproteins or AFGPs, but they evolved these independently over the 2.5 million years it took
the northern and southern hemispheres to freeze.'! Both fish had mutations that helped them
evolve to create these AFGPs and since they were faced with the same environmental problem of
how to survive in freezing temperatures and they both developed antifreeze.

Another example of using building blocks present within organisms is within E. coli and
S. cerevisiae and their shared network motifs in regulatory networks. Both microorganisms
developed the same regulatory chains to relay information within their respective circuits. The
biologists found that these gene circuits did not share a common ancestry and that the
interactions between the regulators occur rapidly creating new gene circuits altogether.” But
these new circuits did not always perform the given task and therefore the preferred circuits were
kept while others were discarded. Even though these circuits appear randomly the simplicity of
their structure means that there are a set number of ways that a defined gene circuit will form a
bifan or a feed-forward circuit. This gives more evidence for optimal design in that there is a set



way or right way for these circuits to form and because of these set rules it is no surprise that two
organisms that produce regulatory chains would form similar motifs.

The scientific information incorporated into the project were the physical similarities of
convergent traits and an organism’s ability to adapt to its environment before the environment
became uninhabitable. In another study I read, scientists and engineers looked at convergent
traits in movement across uneven terrain in order to build better walking robots.* They
highlighted problems that faced each of the highlighted species and studied how the species
overcame obstacles. These scientists and engineers researched the limb structure of insects and
mammals and concluded that they had a set number of good solutions, or building blocks, in
order to create their robot.* I began making my creative project using this idea of building blocks
and a set number of blocks in order to make a larger image. I also used the idea of simple
structures as seen in the study of gene circuits to make my project, which took the form of a
game, more understandable as a visual object. The simplicity of the regulatory motifs is what
made them so easily definable.” By performing only a few tasks the data recorded on each
regulatory chain is easier to understand and I realized after trying to explain my concept to some
of my peers that a simpler execution would better convey the ideas of convergence to someone
who had minimal understanding of evolution.

The creative direction I took my project in was through a game called Tangrams,a puzzle
game that uses a library of shapes to create a larger image, with multiple possibilities for an
answer. The library consists of seven geometric shapes: two larger right triangles, two smaller
triangles, one middle sized triangle, a square, and one parallelogram. Since its invention during
the Song dynasty®, there have been over 6500 different combinations created using tangrams and
out of those combinations I chose to focus on some of the paradox shapes.” Paradox shapes are
tangram puzzles that have the same silhouette but but are composed of a different arrangement of
pieces. Although these pieces are different they both are used to fulfill the puzzle much like
convergent traits are can appear the same but originate from different places in order to solve an
environmental puzzle. The original paradox shapes were too specific so I have simplified them
by removing extra pieces that would have represented a head or a tail. These shapes are a symbol
for a trait that the organism would have once it evolved to it’s new environment. The individual
shapes are the organisms building blocks that are rearranged to form something new. The game
will be played with two teams of people in order to minimize the problem solving time and each
team would get a set of tangrams. The sets are different colors representing two different
organisms and each team will get one of the shapes from a paradox set representing the similar
problems each organism is facing. Since the desired shapes are near identical I have given clues
as to where single pieces go so that the teams do not come up with the same arrangement. Also
this eliminates the possibility of one team having a harder puzzle than the other. Each card was
hand printed with colors that I see as representative of life: blue and red. Blue for the ocean
where most organisms if not all of them began, and red for blood and the life force that courses
through many species. The shapes were hand painted onto the cards with black ink but I left a
few clues in the puzzles as to where certain shapes should be placed. The tangrams for each team
are colors that compliment the cards. The red team gets light blue tangrams while the blue team
gets orange. The colors are also easily read on their surfaces.



For the sake of competition there is a time limit for each round with three rounds in total.
The idea for a time limit came to me after reading the study of AFGPs in fish because the
biologists found that the trait would have had to evolve in the 2.5 million years it took for Earth’s
poles to freeze.' The time limit on each round is the amount of time the organism (each team)
had time to evolve to survive in the changing environment (the desired final shape of arranged
Tangrams). For the first round the time limit is three minutes. This is a considerable amount of
time for a simpler puzzle but I do not expect all who play to be familiar with Tangrams so it is
time to get acquainted with the game. The second round is a minute and a half; by now the
players should be able to figure out how the pieces fit together, and there is another clue to help
them complete the desired shape. The final round is only one minute and is the most difficult.
Teams are not expected to complete the shape and therefore become extinct, reminding them that
time is not on the organism's side and does not wait for it to catch up to it’s changing
environment.

The intended audience for this project are people who have a basic understanding of
evolution and an interest in problem solving games. While the game is based in science the
ability to visually work through a problem can increase an interest in the subject matter. Besides
having an interest in science many people also love puzzles as they are a low risk problem that
leaves one with a feeling of accomplishment. When that accomplishment means that an organism
continues to exist the satisfaction is multiplied. After players had completed the game many of
them began to grasp the concept of convergence as two answers to the same problem and they
also wanted to know about how else convergence manifests in organisms. The spark of interest
after completing the game was unexpected. I wanted to convey ideas of convergence through
physical appearance and also the concept of time catching up to an organism but [ was then able
to list other instances of convergence and reasons why it may have occurred.
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CONVERGENCE THE GAME: RULES
1. Form two teams of two to three players each and give each team a set of Tangrams. Place

a round one card face down in front of each team. The time limit is 3 minutes. There is no
penalty for finishing early but if the puzzle can not be completed the team will lose.

Much like two organisms adapting to a similar change in their environment there are two
possible answers to the problem. Scientists have found that the bacteria E. coli and S.
cerevisiae share the same configurations for sending information called Network Motifs.
It was discovered that these bacteria did not have such motifs in their common ancestor
and therefore have evolved these motifs on their own. Each team’s card has been given a
clue as to where a piece will go in order to complete the puzzle. Using the pieces in front
of you create the shape of the network motifs used by both microorganisms.

Round two is has similar rules but half the time limit (1:30). In 2004 a group of engineers
teamed up with scientists to design better robots by looking at convergence. The
engineers were able to pick and choose the structure of their robots limbs from an array
of species that had evolved ways to get across rough terrain. Using the pieces of in front
of you create the shape of a completed leg structure.

The third round is the most difficult and has the shortest amount of time. On one card
there is another isolated shape but instead of a clue is a negative space where the team
must NOT put a shape down. In 1997 researchers discovered that fish living near the
northern and southern poles produced their own antifreeze using glycoproteins that was
not present in their common ancestor. The common ancestor of both fish did not need
antifreeze because the poles were not frozen yet, but during the 2.5 million years that
these two fish were around the poles began to freeze and they had to adapt to their
changing environment by producing antifreeze. Using the pieces in front of you complete
the design of the different glycoprotein responsible for producing antifreeze in each fish.

If you have completed each round congratulations! Your species have evolved traits that
look the same in order to keep up with their changing environments and continue to exist.
Although the overall images look the same they are made with a different combination of
building blocks. If you have failed along the way your organism has gone extinct, unable
to adapt to its changing environment.
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