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Introduction


Synthetic biology is a new formulation of the manner in which “engineering biology” (Endy 2005) can be undertaken. It is a new conception of what and how new technology can be made using living material.  One way of viewing synthetic biology is as a social movement to combine two disciplines, software engineering and bioengineering, to create a new sub-discipline.  The scientists and engineers defining synthetic biology draw and build upon the practices and the successes of both these fields.  One of the founding principles of synthetic biology has been to adopt an open source philosophy around the development of new parts.  As it is works currently, the MIT parts registry (parts.mit.edu) is an attempt to create the open source space that defines the developmental community of synthetic biology.  


Open source is a set of practices and rules for defining a community of developers through which information is freely disclosed and freely distributed.  It was conceived originally within the community of software developers as solution to the questions and problems surrounding intellectual property.  Though open source is a successful solution for these problems in software development it is not clear how, or if, open source philosophy can serve the same purpose for synthetic biology.  It is also not clear what form and consequences open source will ultimately have within the proposed community of synthetic biologists.


In taking the MIT parts registry as our case study we examined some of the justifications for development of the parts registry, as well as some of the implications of the parts registry for innovation within the field of synthetic biology.  We researched the history of patent law and open source, particularly in the recent history of biotechnology and software development.   We researched the history of the overlap between biology and engineering and the justifications for standardization in the field of synthetic biology. We interviewed some of the people using the registry and discussed their impression of the registry as a tool and the adoption of "open source" philosophy.  We also looked at the ethical justifications of making the registry "open source" and the work of the BioBricks Foundation in "branding" synthetic biology. 


It is our hope to provide some second order reflection around the adoption of open source philosophy and the construction of the MIT parts registry.

Intellectual Property 101

Sam Auyuong

As a field currently defined by new and emerging technologies, synthetic biology inevitably challenges the established legal and legislative institutions that govern its practices. In recent years, several intellectual property law experts have raised the question of whether the current legal system in the United States is capable of regulating the products of synthetic biology
. In Synthetic Biology: The Intellectual Property Puzzle, Arti Rai and Sapna Kumar problematize the ability of intellectual property law to fully and efficiently encompass the property rights of gene sequences. Using the M.I.T. Registry of Standard Biological Parts as an example, Rai and Kumar present alternative strategies for securing intellectual property rights in a “common” framework. Other legal experts, such as Joachim Henkel and Stephen Maurer, question whether open source - the apparent de facto mode of practice adopted by several forerunners in the field - is the ideal framework for securing and managing the intellectual property rights of synthetic biology products. Besides bringing forth the legal implications of synthetic biology, these challenges also illustrate a characteristically Mode Two interaction between legal experts and scientists. Rai and Kumar’s positions as legal experts outside the realm of the so-called “hard sciences,” and their stark claims about synthetic biology’s future, exhibit the “heterogeneous experts” brought together to “represent and express” behavior prevalent in Mode Two. 


Drawing heavily from an article Arti Rai previously wrote with James Boyle
, Rai and Kumar’s Synthetic Biology: The Intellectual Property Puzzle expands on a series of questions and possible solutions brought forth by the earlier piece. Rai and Kumar, both intellectual property law experts from Duke University, premise their article on a problematization of the relationship between synthetic biology and intellectual property. Rai et al posit that intellectual property law’s inability to fully adapt to the emergence of biotechnology and software
 – two industries from which synthetic biology “draws inspiration” – will pose similar complications for synthetic biology. 

In regards to biotechnology, the United States Federal Court of Appeals continues to uphold patents for products of DNA synthesis despite the methods for their construction having been routine and well known throughout the biotech community for quite some time. This practice creates a low standard of “nonobviousness” (a requirement for obtaining a patent) in biotechnology patents, thus making it easier to patent more products of synthetic biology that otherwise would have been considered “ordinary” and non-patentable. 

The emergence of the software industry posed an equally difficult challenge to intellectual property law. Rai et al argue that of the three types of intellectual property right (trademark, copyright, and patent) available, none are able to fully and efficiently regulate computer software. A trademark “protect[s] words, names, symbols, sounds, or colors that distinguish goods and services from those manufactured or sold by others and to indicate the source of the goods.” Trademarks are usually applied to logos, brand names, and design features, and generally do not cover the “functionality” of a product (e.g. the source code of the Windows XP operating system). Copyright and patent law, which appear to be more relevant to source code, also fail to fully encompass software. Copyright law traditionally protects forms of expression (e.g. movies, books, and music), explicitly excluding functional works. On the contrary, patent law covers only works that are functional, such as a certain process or machine. However, the latter has traditionally been understood to exclude formulas and algorithms.  Currently, through the Computer Software Copyright Act of 1980 and several landmark cases, copyright and patent law have been extended to cover software. 

The manner in which biotechnology and software are governed by intellectual property law is highly significant because since synthetic biology is often compared to these two industries, their legal practices and framework will transfer over to and have implications on the latter emerging field. The low non-obvious standard prevalent in biotechnology and the complexity of falling under both patent and copyright law in the software industry, if established in synthetic biology, could possibly hamper innovation and stymie growth. As Rai et al point out, as of June 2007, “more than 5,000 granted U.S. patents currently cover ordinary DNA sequences,” roughly seven times greater than the number issued in the European Union. The sheer number of these patents, coupled with that fact that many of them cover broad foundational technologies, risk stifling innovation in synthetic biology, which has happened in previous emergent industries. 

One attempt to mitigate this “slow-down” and drive innovation exists in the form of M.I.T.’s Registry of Standard Biological Parts. Drawing on ideas from the open source software model, movement, and community, the Registry represents a legal framework that could potentially define how synthetic biology is practiced in the future; therefore, how its intellectual property rights are managed is crucial. Currently, the Registry has been placed in public domain. However, as Rai et al present, there are several alternative strategies that can be utilized: “copyleft” licenses, patents, contracts, non-assertion statements, and sui generis legislation. Since copyleft licenses require any improvements on a previously copylefted work be similarly open, this first strategy would help proliferate and expand “openness” in synthetic biology. However, this would place the Registry in the domain of copyright law, which does not explicitly cover the products of synthetic biology. Even if copyright law could be extended to include synthetic biology, the “internal restrictions” of not covering functional works limits its ability to address synthetic biology products. Alternatively, the Registry can apply the same copyleft principles to patents. However, as Rai et al point out, the patent invoking process is expensive, costing tens of thousands of dollars from start to finish. Aside from copyrights and patents, there are also “clickwrap” license and non-assertion statement approaches. A clickwrap contract would cost less than a patent, but since it is not a property right, the only parties that need to adhere to the terms of the contract are those that are involved in the deal. Any outside party that somehow attains the data or information covered in the contract is not subject to the contract terms. Thus, clickwrap licenses have traditionally been really aggressive in controlling information, which might stymie innovation. Since many synthetic biology patents are held by public institutions, non-assertion statements present a viable solution. However, since these statements also are not property rights, licenses with explicit permission to sublicenses must be negotiated and secured, which can be highly resource consuming considering the growing number of parts. Lastly, although suis generis legislation would create a specific statue for synthetic biology, this strategy is time consuming and costly, and also risks overprotection, which would also threaten growth. 

Although Rai et al raise legitimate questions about the future of intellectual property rights in synthetic biology, their article represent a distinctly Mode Two way of operation. Arti Rai, James Boyle, Sapna Kumar, Joachim Henkel, and Stephen Maurer are all legal experts (except for Henkel, who is an economist) writing on the implications of synthetic biology without actively involving a biologist (i.e. no biologists were listed as co-authors or contributors of their articles). In the context of the Three Modes, these authors represent the “heterogeneous actors” other than scientists brought into a “common venue” (e.g. the open-source debate). Since intellectual property law is a crucial issue in the debate, it seems only natural that legal experts participate in the discussion. However, the way in which the dialogue is progressing exhibits the “cooperation” (as opposed to “collaboration)” and downstream work that exists in Mode Two. Rai et al enter the discussion representing the legal field, raise concerns about synthetic biology (in relation to property right statutes), and present solutions in the form of intellectual property law (e.g. use of patents, copyleft licenses, etc.) – demonstrating typical “represent and express” behavior, instead of collaboration. 

Although this may be the current state of synthetic biology, the appearance of a certain project and set of actors produce a real possibility of this new field redefining how science is practiced in the future. SynBERC’s (the Synthetic Biology Engineering Research Center) inclusion of a human practices thrust (although it may have been forced upon) that promotes collaboration instead of cooperation necessitates a different mode of interaction between the experts involved. Whether members of SynBERC genuinely seek to work together effectively and collaboration is actually realized in practice will be covered in a later section. However, the appearance of an attempt at Mode 3 interaction is highly significant because of synthetic biology’s current state as an emerging field. If SynBERC succeeds with a break through, its theoretical foundation centered on “human practices” and collaboration could very well influence how subsequent projects and groups operate. 
Origins of Intellectual Property
Jeanie Yi


Patents as a way of awarding monopolies to subjects; they were privileges bestowed by the crown that granted economic advantages to their subjects of choice. The modern notion of patents falls under the category of “intellectual property,” a conception of property that is immaterial and yet, holds the same recognition and privileges under the law as physical property. Contemporary legal systems that emerged after the advent of liberalism protect the right of the individual to the use and control of property. As “property” in the eyes of the present day legal system, patents have become, not privileges, but rights under the law. Patent protection became a way of protecting an individual's right to profit from his invention for a limited period of time in exchange for the production and release of potentially useful information. This information was intended to encourage business in a liberal economy. Patents have emerged contemporaneously with the modern political subject as a result of the transformation of Western political institutions from monarchies to democratic governments and liberal economies. The historical trajectory of IP has been from privilege to right, from individual to corporation. 


According to Mario Biagioli, patents began as privileges. They were gifts from the sovereigns who bestowed them upon their subjects (Biagioli 1129). These privileges or monopolies were articulated in the form of litterae patentes or “letters patent.” In contrast to the modern age, these Renaissance charters only included brief descriptions of the invention (1137). The Venetian patent system had been in place since at least 1474 and did not requires a public disclosure of how the invention “looked like, how it functioned, or how it could be built,” just a claim about its use (1132, 1133). This brief description existed for bureaucratic reasons and not for reasons of releasing information to the public domain. 


The history of patents follows the same trajectory as the making of the “modern political subject” (1129). Biagioli argues that after the emergence of liberal democracy, the rights of the individual became recognized and the nature of patents completely changed. After the French and American Revolutions, notions of equality and liberty reigned as dominant political doctrines. Monopolies bestowed as privileges by the crown were in essence contrary to the principles of the newly established governments. In 1790, the United States established the U.S. Patent Act. This Act required specifically that any patent must include descriptions of the invention detailed enough that any “Workman or other person skilled in the Art or Manufacture...[could] make, construct, or use the same, to the end that the public may have the full benefit thereof after the expiration of the Patent term” (U.S. Patent Act of 1790 qtd in Walterscheid 1998 qtd in Biagioli:1135). The first French patent law of 1791 followed a similar route. Also in the name of fairness, inventions had to be sufficiently “novel” to be patented, thus eliminating monopolies on common items. The bureaucratization of patenting in the new governments indicates a dramatic shift in the conception of the nature of intellectual property, where ideas must be disclosed for  the public good. As Biagioli points out, this brand new regime indicated the simultaneous emergence of both public disclosure of inventions as well as political representation gained by the people (1136). 


The advent of the notion of “intellectual property” can perhaps be traced to the advent of personal property. With the adaption of liberalism and democracy during the American and French Revolutions, the use and control of property came to be understood as a right of the individual, rather than merely a privilege. With the enactment of liberal philosophy in the eighteenth century, individuals came to have political representation and rights recognized under the law. These rights entailed legal protection. The new form that patents took was essentially a contract between inventors and citizens, citizens represented by the government (Biagioli 1136). The legal apparatus associated with physical property and its protection was extended to the products of the intellect and manifested itself in the form of patent law. 


In the late nineteenth century, the U.S. Supreme Court, under the justification of the Fourteenth Amendment, rules that the corporation is a person. The corporation becomes a juristic individual or recognized as a person under the law. As a person, corporations gain the legal rights associated with the individual, including property rights. Corporations begin the own patents and all its entailments. Due to the economic advantages of being a corporation, intellectual property as a limited monopoly becomes a permanent business advantage. Patenting or copyrighting became a necessary aspect of doing business in the United States. In some cases, owning patents or IP becomes a profitable business strategy through licensing tactics, lawsuits, and stifling competition. 


According to Fleising and Smart, by the early 1990s securing intellectual property rights became a way of business for many biotechnology companies. Patent mills maintained America's economic dominance internationally by securing ownership of patents, especially on gene sequences. Fleising and Smart argue that in the post-industrial era, manufacturing became defunct. During the “crisis of capitalism,” “high-tech” strategies were endorsed as a way of curbing environmental pollution from manufacturing. Industries such as biotechnology “were promoted as social production strategies for overcoming problems of economic decline” (Fleising and Smart 45). However, the patenting of genes come with their own unique problems. 


By abusing IP, software companies were able to make similar gains in the computer industry. Through copyrighting and patenting, software becomes irreplicable and a profitable sale. As Jane Calvert narrates, although computer programs fall under the category of mathematical algorithms, and thus, abstract ideas, they were initially unpatentable in the United States. However, the courts have decided that what is important is the “useful result” of the software. As Calvert points out, “what ends up being protected is information, not a combination of information and a physical embodiment” (217). This precedent sets the ground work for patenting DNA sequences. What is important is not the actual algorithm, but its function. And functions are patentable. 


After the success of huge software companies like Microsoft in the early 1990s, a community of computer programmers introduces the notion of “open source software.” Inherently oppositional to the concept of “intellectual property,” open source contends that the source code should not be owned by any party and it should remain the right of the user to modify, improve, or add to his/her software
. Open Source Software (OSS) has been a threat to the monopoly of companies like Microsoft. Because research and development has essentially been outsourced to a free labor source, OSS has had the opportunity to cheaply innovate and improve their software. Because the research pool is so large, the potential for developing useful changes is greater than research developed by programmers limited to Microsoft alone. Despite the striking difference in time, resources, and influence, OSS has recently been catching up to Microsoft (e.g. the success of Mozilla web browser and the increasing popularity of user-friendly Linux platforms like Ubuntu). Success in OSS has emerged with success in the computer hardware industry. Companies like IBM “embrace open-source software in part because wide-spread dissemination of software increases demand for its hardware products” (Kumar and Rai 1767). The manipulability of OSS has allowed companies like IBM to optimize their products and increase their sales. The greater popularity and distribution of the software will allow hardware companies who depend on OSS to increase their customer base. 


Because synthetic biology can trace its roots to both (electrical and computer) engineering and biology, concepts from the computer industry and the biotech industry merged in the early twenty-first century. The Registry, which is a database of “standard biological parts,” embodies the analogizing of biological system with electrical ones, where systems can be constructed by joining together standardized and interchangeable parts. Instead of circuits, we have gene sequences that are standardized by attaching standard BioBrick™ “prefixes and suffixes,” length of code that flank the larger sequence at the beginning and at the end to make parts mutually interchangeable (theoretically). As a fledgling field, synthetic biologists have drawn on an analogy to open source software as a way of encouraging research and innovation in the field. However, the question becomes who will benefit? If the biotech industry has historically made its money in patenting, it would be contradictory to suggest then that open source biology would be beneficial, at least to the industry. Those who stand to gain are obviously outside of the domain of gene patenting. As Kumar and Rai point out, the analogous aspect of the biotech industry to the computer industry would be “gene synthesis services” (1767). It would be interesting to find out whether players involved in the promotion of open source biology have connections to the gene synthesis service industry. 


The material limitation to the biotech-computer industry analogy makes the claim for open source biology even more suspicious. All that is required for R&D in software is access to a personal computer and electricity. R&D in biology arguably requires more elaborate resources, such as access to a laboratory, reagents, special equipment, and machines. These labs inevitably belong to a large party, such as a university or a private company (it would be difficult to own a “personal” lab). The status intellectual property becomes contentious in the context of researching in a private laboratory. Those who would push for “open source” in biology are obviously coming from a position of privilege and power within the industry to be able to control the trajectory of the production of their intellectual property given the material impediments. 


It would be interesting to see open source as the future of intellectual property for many industries in the United States. Despite the counterintuitive association between open source and profit-making (an essential defeat of patent monopoly), OSS has made some companies a lot of money. Open source biology has the same potential for gene synthesis service companies. The participants and consumers would continue to be privileged members of society—scientists and businessmen with access to education, resources, and influence would reap the monetary benefits of free-flowing R&D. 

 Synthetic Biology as a Modern Practice
Ben Howell

“Synthetic Biology is A) the design and construction of new biological parts, devices, and systems, and B) the re-design of existing, natural biological systems for useful purposes.” (www.syntheticbiology.org)

 
Synthetic Biology, as an emerging scientific field of inquiry, originates from post-genomics advances in biology and self-defines as an engineering discipline.  As the term "synthetic biology" serves only as a place-holder for a group of activities and ways of thinking about genes, genomics, molecular biology and engineering, there is some confusion about whether it is appropriate to call it an engineering or a scientific practice.  The participants in synthetic biology (undergraduates, grad students, post-docs and professors) take language and practices from a variety of both applied and pure sciences.   The MIT parts registry (parts.mit.edu), and the attendant practice of "open source," is one site for looking at these various claims about the mode that science and engineering in biology should and can take. 

In the rhetoric surrounding synthetic biology as an emergent practice, one often hears appeals to synthetic biology as “engineering biology” (Endy 2005), yet bioengineering as a discipline in the narrow sense, and the manipulation of living material towards technological ends in the broader sense have existed before synthetic biology was coined as term in the seventies or organized in the way it is today. The definition above lays out two claims about what synthetic biology is as 1) about defining a mode of engineering and 2) as a claim about the control of life, i.e. how the engineering of synthetic biology is different than previous biological engineering practices and how the scope and site of biology understood in the context of synthetic biology?  Using the label "engineering biology" makes claims about what is proper biology as well as what is proper engineering.  More importantly for this paper is to ask how the framers of synthetic biology use the label “engineering biology” to justify and define practices within synthetic biology.  

Two possible paths of inquiry present themselves for problematizing the central claims of synthetic biology.   One is to look at the history of the claim that biology is something that can be engineered and controlled.  The move away from natural philosophical contemplation of whole organisms towards the current focus of cellular and molecular biology is part of the modern understanding of biology. The other is to look at history behind the claim that standardization is the proper engineering mode for synthetic biology.  How does this mode of engineering differ from other modes of engineering?  

This paper is also an attempt to understand what roles these claims have in the creation of synthetic biology.  To look at who is able to make these claims, why these claims can be made now and what do these claims provide for those who make them.  Furthermore it can be asked how these claims manifest themselves in the current organization of synthetic biology.

Modern Biology

Biology over the past hundred years has steadily moved away from contemplation of the whole organism.  Where the biology of the nineteenth century was categorized by disciplines such as zoology, botany and physiology, biology of the twentieth century is categorized by disciplines such as biochemistry, molecular biology and genetics.  This emergent emphasis on the molecular basis of life was also paired with a growing ability to control and manipulate the stuff of biology, living matter, in laboratory settings. The site of biological inquiry moved away from the observation of animals and plants in their environments to the petri dish, the cell culture and the Southern blot.  In the last twenty five years this process has accelerated exponentially as tools of molecular biology and genetics have improved and biological models have become more refined.


The movement toward molecular biology and increasing laboratory control was coexistent with a new way of thinking about the role of biological understanding.  No longer was it limited to the ordering and understanding of the metaphysical identity of living things as characterized by natural philosophy and natural history.  The focus of biology became the control of life. The goal was not to categorize and describe the normal and the pathological but to refine control of life. “The activity of experimentation took on value in itself, and experiments became demonstrations of the manipulative power of biologists.” (Pauly, p 5)  This focus on control and experimentation emerged from an appeal to the engineering ideal: the power of creating new things.  


These two movements, towards the molecular understanding of biology and towards an ideal of experimental biology, led to an understanding of life as a laboratory concern and as something that can be most properly understood in a controlled environment.  These movements, that characterize the intellectualization and disenchantment of nature, also fit within the larger dialogue of modern science: an appeal to the principle “that one can master all things by calculation.” (Weber)  


It is into this history that Synthetic Biology places itself. "Synthetic Biology is another development in the century old tradition of the 'engineering ideal in biology.'" (Rabinow 2006)  It both promises to simplify and recreate biological systems into controlled and artificial entities to better study “nature” as well as provide the ability to create new functional biological things.  Synthetic biology promises “the ability to design and construct synthetic biological systems” to provide a “direct and compelling method for testing our current understanding of natural biological systems.”(Endy 2005) Synthetic biologists concieve “the main problem in biology” as “the inability to put a system together and accurately predict how it will behave.”(Goler 2007)    For the engineers synthetic biology promises “the development of fundamental technologies that make the design and construction of engineered biological systems easier.” (Endy 2005)  Synthetic biology represents a reconstitution of the organism and the promise to fulfill the engineering ideal in biology, but the identity of what an organism is has changed from a living thing outside the laboratory to include something created by biologists. 



Appropriately synthetic biologists, regardless of their background, do not make the clarification as to whether synthetic biology is a scientific or an engineering practice.   All synthetic biologists can agree that the human control of life is an appropriate site for biological inquiry and the increased control of biology in the manner proposed by synthetic biology can serve both purposes. Synthetic biology “is both science and engineering.” (Endy 2007)   Yet there are still “two camps of synthetic biology: one that is more engineering and one that is more basic science.” (Dueber)  If the divide between the scientists and the engineers of synthetic biology is not over the appropriateness of creating artificial biological systems, where does the divide exist?  One possible point of division is the emphasis on standardization and abstraction as the mode of conception for the engineering practices adopted in synthetic biology, the emphasis on not just creating biological parts, but standard biological parts.  It is not clear that both the engineer and the scientist would agree on the implications of the statement that “the development…of a new biologically based engineering discipline is the most important part and making biology modular and predictable.” (Goler 2007)

Modern Engineering


The movement towards international standards was a consequence of the internationalism and capitalism of the second half of the nineteenth century through a series of International Congresses often coinciding with World Fairs. The need for standards was justified both by practical concerns, commercial and technological, as well as scientific concerns, to accurately define reproducible measurements of scientific quantities. Standards had “to support the work of scientists taking precision measurements” as well as “commercial measurement systems.” (Kershaw)  The move towards international standards was also a secondary consequence of the "spirit of internationalism" present in the late nineteenth century.  This internationalism manifested itself both in international science and engineering conferences and concerns about international trade.  International congresses went from rare, two per annum in the 1850s, to overwhelmingly common, hundred per annum in the early 1890s.(Kershaw)  Notable standards set during this period were the railroad gauge, the meter and electrical measurements.  


Importantly these standards were created in a necessarily evolutionary and iterative process. “A new standard improves on a previous standard there are no other means of approaching a ‘correct’ standard.”(Kershaw)  The history of international electrical standards is notable for the rigorous understanding of electrical physics and the extensive amount of electrical engineering that occurred before the need for electrical standards was apparent.  Furthermore, although international electrical standards were generally adopted only after agreement at an open international congress, most significantly at the International Electrical Congress in 1893, it was “consensus amongst a narrow, but influential, group of scientists” meeting in 1892 that executed the real standardization of electrical units. (Kershaw)  

The contemporary descendants of the process of standardization are organizations such as the International Organization of Standardization (ISO), the IEEE and the many national standards bureaus (eg the National Institute of Standards and Technology). The ISO defines its role to set industrial and engineering standards to ease commerce, ensure safety and reliability, assist innovation, and improve efficiency of development.  "When products, systems, machinery and devices work well and safely, it is often because they meet standards."(ISO.org)  Professional organizations, such as the IEEE, besides defining and maintaining standards, also define the requirements to achieve professional standing of engineers and technicians in their represented fields.  Attendant to this they also define the language and organization that define the boundaries of the fields.  

Part of the central pitch of synthetic biology is the appeal towards the power of standardization to enable the treatment and usage of standard biological parts in an abstract manner to build larger systems of parts.  Although “standards underlie most aspects of the modern world,”(Endy 2005) standards of this sort have not been viewed as a crucial part of genetic engineering previous to synthetic biology.  “The three past ideas that now seem relevant to the engineering of biology are standardization, decoupling and abstraction.”(Endy 2005) Standardization of biological parts allows for functional manufacture of biological systems through abstraction hierarchies. 

“Abstraction hierarchies are a human invention designed to assist people in engineering very complex systems by ignoring unnecessary details. In order to effectively use a part, the developer of a system, need only know the requirements for the part to function as promised and does not need to know the details of how the part works.”(syntheticbiology.org)  

These details are determined independently, either as a specific goal for basic research or as a consequence of previous experiments.

It is this step, towards abstraction and standardization, that makes synthetic biology a modern engineering practice in contrast to genetic engineering or bioengineering.  That is, the abstraction that allows the engineer to design conglomerations of pieces that have emergent functionality without needing to understand how the smaller pieces function.  The MIT parts registry is the site where these standard parts are both virtually, on the parts.mit.edu, and actually, in MIT storage refrigerators, stored.  In this mode of standardization the adoption of open source as a model and the internet as a platform stand in for the international standards congresses around the turn of the century.  Despite the appeal to the ethic of “open source” it is reasonable to ask if it is the cultural capital of MIT that will drive the adoption of the parts registry as a tool in synthetic biology.  Furthermore, if the parts registry defines the space where standard biological parts can be shared, how does this standard get defined? 


What can be added to the registry must first fulfill the standards set and defined by BioBricks Foundation (BBF) and not the by community of registry users. This standard is both a legal standard, for how the parts can be shared, and a technical standard.  The BBF has even taken the step to trademark the term biobrick because “not every piece of DNA is a biobrick part” and “biobrick parts must adhere to technical standards defined by the BBF.”(Endy 2007)  These standards are discussed and defined in workshops initiated and hosted by the BBF open to any BBF member.  The adoption and implications of an "open source" philosophy does not extend to the definition of standards, but only to the addition of standard parts to the registry. Although membership in the BBF is open to anyone working in synthetic biology, it is appropriate to be skeptical about the democratic and open nature of these workshops initiated by a group of powerful MIT and UCSF synthetic biologists.  This format of defining the BioBricks standard is not carried out in a mode three manner and as it solely involves self-identified synthetic biologists it most closely resembles mode one. (Rabinow)

It is also clear that synthetic biology fulfills the conditions that precipitated the need for standardization in the nineteenth century.  Biology has not reached a point where it is clear what appropriate units of measurement should be let alone how they could be standardized. The construction of biological parts has also not yet reached a level where it is clear what kind of standards the parts will ultimately require.  At this early moment it is not clear that the value of PoPS as a measurement standard (Goler 2007) is anything more than empty analogy to volts for electrical circuits.  At best, the parts registry and the BioBricks standard function as a first step in the iterative process in the eventual realization of a practical standard of synthetic biology.  

It is also not clear what form the BioBricks Foundation will ultimately take with respect to synthetic biology.  Will it only serve only the purpose of defining and maintaining standards like the ISO or will it also serve the function of a professional organization like the IEEE?  Will it embody the power by which Randy Rettberg can declare "you are all now synthetic biologists"(iGEM jamboree 2007)?  

The scientists and engineers working in synthetic biology propose that now is the time for "engineering biology" (Endy, 2005) in a rigorous and rational manner.  In contrast with earlier attempts at engineering in biology (including bioengineering, genetic engineering and recombinant DNA techniques) synthetic biology is proposed as a proper engineering discipline of the matter of life. Their claim is that both that what they are proposing to engineer, whole "genomes" and whole organisms, is proper biology and the manner in which they propose to organize, via abstraction hierarchy and standardization, is proper engineering.  These claims draw on the history of both biology and engineering as modern practices and demands “open research communities and strategic leadership…to ensure that the development and application of biological technologies remains overwhelmingly constructive.”(Endy)  Their manifestation in the practice of synthetic biology is the MIT parts registry, the BioBricks Foundation and the effort to define a "standard biological part."  Where synthetic biologists see this as a question of mode one scientific governance, the history of engineering standards and their social consequences demonstrates the possible need for a new method of defining these standards.  As such this is yet another challenge for Human Practices. 

“Making life better, one part at a time.” (www.syntheticbiology.org)

Ethnographic Observation 

Natalie Warrick







Synthetic biology as a burgeoning field establishes the philosophy that through styles of collaboration scientists will be able to readily synthesize parts that will remediate problems pertinent today. As a social scientist, I chose to rely on interviews, a content analysis of the Three Modes article, and observation to implicate the traits, states and behaviors of people working in the synthetic biology. In particular, the interviews (appendix A) give insight into how the history, development, and implementation of the science of synthetic biology factor into the question of intellectual property. In this research I will give an analysis of interviews from three members of the collaborative SynBERC team. The gamut of actors involved include MaryAnne McCormick, a lawyer and researcher at Boalt school of law, Kevin Costa, an administrator, and Jonathan Goler, a graduate student in bioengineering. All of these individuals are intimately affected by the manner in which SynBERC decides to pursue intellectual property.


Using the Massachusetts Institute of Technology (MIT) Registry of Standard Biological Parts as a case example supports this goal by indexing how people assemble their inventions with respect to new parts, devices, and systems in context of the intellectual property question. This research poses the question of how intellectual property defines the “source” code for collaboration. Using a first and second order observational model as an anchor, I intend to show how the actors involved in SynBERC understand open source as a model for the exchange of intellectual property. I hypothesize that there exists a correlation between one’s agreement with the statement “collaboration is currently happening” and one’s position within the hierarchy of elite synthetic biologists.  Hence, individuals who are higher up on the hierarchy (those who are making policy level decisions) are more likely to be convinced of the verity of open exchange. Whereas, those who are lower level would probably suffer fewer repercussions if they agreed that the open source model was not currently being utilized.

Registry of Standard Biological Parts


Registries of biological components play a major part in the development of synthetic biology as a field. Further, this implies that it is necessary to redefine how ideas are exchanged between the current generations of biological engineers. Registries must be standardized and adhere to a functional composability; both enable engineers to share their work but also restrict the dissemination of biological parts (BioBricks). Hence, the investment of resources into the development of new pedagogical styles and open source philosophy forces research development into previously unexplored areas.


What are some of the potential arguments in favor of the open source model? Patents could impede the development of diagnostics and therapeutics by third parties because of the costs associated with using patented research data (Goler, 2007). Additionally, since patent applications remain secret until granted, companies and university scientists may work on developing a product only to find that new patents have been granted while they were in pursuit of developing a new technology. Furthermore, when determining what patents apply and who has rights to downstream products it would be beneficial to rely on an open source model for intellectual property. Secrecy is reduced and all researchers are ensured access to the new invention.


Jonathan Goler conceptualizes the Parts Registry as a catalog of well characterized parts from which one can build more complicated devices and systems. In Goler (2007), he explains that the Registries are open in their nature.  On the other hand, he explains that some classified research may be appropriately located in a completely closed 

Registry. One question concerning the shared open space arises when data is exchanged between labs, companies or institutions. As is stands now, a combination of secrecy, physical separation, cryptographic security, and compartmentalization of data access in the Registry allows researchers to gain only a partial access to parts deemed necessary for the advancement of their work.


Private biotech’s that own patents can monopolize certain markets. Biotechnological industries have been doing this for years. For example, Kevin Costa explains, “companies have libraries of sequences in their own labs… they use directed evolution till they get a sequence to do what they want: a lot of parts are not in use and they are in this quandary of what to do with them,” hence the question becomes should they put parts in genes libraries for the greater benefit? Furthermore, the process of patenting instead of publishing the filings will replace peer reviewed journal articles as places for public disclosure decreasing the body of knowledge in the literature. The argument for patenting public-sector inventions is a variation on the standard justification for patents in commercial settings. I had some questions at the outset of my research like, “Would agreement that patenting provides a strategy for protecting inventions without secrecy be in alignment with an open source model?” Further, this led me to question, “What protocols are being instituted to ensure that open source compliance is happening within SynBERC?



Organizational Platforms



The primary investigators of SynBERC imply in their research proposals that the organization of the center must be restructured in order that the promises being laid out may be realized. A strategy devised to meet the goal of collaborative engagement is achieved by employing varying tactics to bring together scientists and interdisciplinary researchers. Synthetic biology as a process of modularization and standardization appears to solve problems prophesized in “the molecular as the code of codes (Rabinow, 2007, 3).” Henceforth, SynBERC’s success is reliant on the flexibility of scientists to change the extent power differentials between the physical and the human sciences. Jonathan Goler admits, that the habits and dispositions of scientists as well as the organization of their labs are presently resistant to change. According to Rabinow, “distinctive modes of engagement can be interfaced and adjusted to each other such that the resulting assemblage is adequate to the kinds of problems that SynBERC, and other similar contemporary enterprises, are designed to address.” One might brooch the topic of intellectual property by understanding how these new platforms serve to remediate some of the problem spaces arising from shared intellectual endeavors. 


In order to best understand how the platform of engagement must be improved for the future it is necessary to give historical context to the development of science as a cooperative effort. In mode one, science is achieved through consulting, and cooperating with experts. Mode two derived its strength from discontentment by stakeholders with the arrogant attitude of scientists and technocrats. The ignorance of the scientists to the importance of self-regulation led policy makers and civil society activists to uncover the limited applicability of mode one methodologies. In an effort to decrease discontentment between the scientists and the policy makers, mode three was developed. Rabinow defines this development as the reformulation of collaborative relations in order to obtain commensally beneficial flourishing. The platforms proposed achieve the goal of flourishing by altering the pedagogy and collaborative styles currently put in place.  The production of genuine changes of the proclivities and dispositions toward learning come first from changing the reward system of elite scientists.


Interviews 















The Lawyer

MaryAnne McCormick and I met at for our interview at 8:00 AM on November 8th.  As I ascended the stairs to her spacious corner office on Bancroft Street I knew one thing was certain, she must be somebody important.  As a second order observer of the type of exchanges that were made early that Wednesday morning, I would have to say that it was made even more evident that she was an authority and I, a mere novice. MaryAnne said, in response to her the duties she performs, “Here at Berkeley law I run the policy clinic… many people are not familiar with what the clinic does.” It is relatively clear that she is making the assertion that she is an important figure with high level responsibility. Further, if I were to employ a mode two analysis akin to first order observation, I would then interpret a comment like “Let me explain  ADDIN AudioMarker 237 the role of the policy clinic” directed at me personally, as suggestive that her expertise is targeting a discordant belief that I might hold as an outsider to her discipline. 


Though she has only been with SynBERC for about a year and a half, knowing Professor Rabinow and Professor Keasling from the molecular sciences institute and the genomics lab put her in a place of power. The approach I chose to take was direct.  I asked, “Would you say that the problem right now in framing the question of how synthetic biology is being formulated concerns the ethical standpoint of collaboration, or would the concerns are over whether such exchanges are actually feasible?” MaryAnne explained, “When you look at the universities structure, there are many things that scientists and technologists have to do because they are associated. Synthetic biology is very different but the same time very similar to other fields. They are doing basic research and there are certain structures which are put in place. Therefore, when a scientist sign up to be researcher they are obligated to release all of their intellectual properties.” In an effort to collect data in support of my hypothesis I commented, “Recently the JBEI decided that they would use one primary contract for which all parties would be guaranteed property rights, like a one stop shop. But my problem is, do you see any flaws in the protocol?  For example you spoke of deviations agreements as one means of changing the agreement, do you foresee there being problems of open exchange concerning the registry in which case all parties may not be in agreement with collaboration?” MaryAnne took a roundabout way of answering this question. She said, “You are talking about patent rights so you need to look at material transfer.  ADDIN AudioMarker 1336 Material transfer agreements give answers to this question”, “Standardizing material transfer agreements is comprehensive, when you have a combination of scientists thinking about patent and open source or a combination with the MTA you can see the beginnings of laying out a framework for protocols.” I noticed changes in her posture and tone when she gave this explanation; MaryAnne went from leaning back comfortably in her chair with a soft and low tone to a bent forward position with a firm and loud voice. Similarly, I noticed her relax again when I said, “The open source registry is in alignment with the prevailing attitude that the registry is correct in confirming the humanitarian causes of the research.” The interview lasted for about forty-five minutes and by the end it was clear that MaryAnne agreed with the open source model touted by the highly esteemed SynBERC scientists.





The Administrator


Kevin Costa received his B.S. in Biology from Cal State Hayward (East Bay); currently he is in his fifth year at UC Berkeley labs where he now works as the administrative director of SynBERC. As a director, he represents some of the most elite scientist’s and primary investigators within the four thrusts of synthetic biology at Berkeley. Hence, it seemed logical that I should interview a key player like him. Our interview took place at 9:00 AM on the morning of November 8th in 206 Stanley Hall. I opened with the question, “How are the primary investigators sharing knowledge amongst themselves within the university and outside of it?” Kevin enthusiastically remarked, “Within the center, the PIs describe their projects at regular meetings, and are quite familiar with the nuances of each other's work. Outside of the university, a handful of the PIs have started companies and non-profits together. I don't think that the PIs working at competing companies share too much of their business strategies, but they are supportive of each other's efforts.” Approaching my analysis of his response from the etic perspective allowed me to gain an understanding of the careful bracketing he used to posture his views on the type of free flow exchanges that are going on within SynBERC. 


An ongoing internal debate concerning the way PIs use the registry as a laboratory information management system (LIMS) is one topic I intended to use in order to gain greater clarity of the protocol that researchers are utilizing at present when publishing a part.  Certainly then, it is important to take into consideration how Kevin, the administrative director envisions intellectual property as helpful to those scientists sharing information. His sentiment was that universities are usually bound by the legislative policies such as the Bayh-Dole Act, which among other things encourages technology transfer of research funded by Federal dollars. Indeed, we can see how he might view technology transfer in itself as information sharing. At this point Kevin asserted that largely IP is an impediment to knowledge sharing. He further emphasized the uniqueness of the United States patent system, which does not have an effective research exemption for universities to share knowledge with each other or with companies. This response brought forth another question, so I asked, “How might you predict patents coming in the way of open source sharing?” Again Kevin painstakingly chose his words. Kevin suggested that one might expect it to be the case that people become secretive out of a fear that another scientist might combine several open-source parts in a novel way to produce something useful as interfering with the SynBERC model. In listening to his explanation one can infer a lot about the current state of the registry. As a matter of fact his soft-spoken tone and quiet demeanor are quite the opposite of what one might expect of someone in his position. When he suggests that non-IP revenue models are a more realistic way for companies to capitalize on the registry and synthetic biology it is clear that he is making a case that collaboration and the open source model are currently being carried out as feasible methodologies.


Gaining insight into the emic perspective is important for explaining the cognitive factors and the reasoning behind why Kevin might take such position.  Reflecting on my transition into this last segment of the hour and a half interview I thought about which topics I had spent the most time on and about those that might have been neglected. In an effort to amend a near loss of vital information, I posed two questions. First I asked, “How do you envision the human practices thrust as bringing together scientists collaboratively?” And then I questioned, “How would you imagine this with respect to issues like intellectual property?” Kevin knew right away how he felt about this question. Whereas, in the past he might have pondered for a moment reflecting on how he might say something he smiled straight at me and said, “My thinking on this is in flux these days, and I'm coming to believe that Human Practices should not be so focused on IP. The universities can do basic research and technological innovation in a way that companies cannot, but conversely, those same companies are much better versed at dealing with patents and intellectual property.” Therefore at least in SynBERC's universe, scientists should innovate in the lab leaving a mode one style for allowing the experts in IP to be wrangled by the patent lawyers. 


Certainly, we can see that there are real challenges to the kinds of collaboration set out to do in the strategic research plan. Even right now with respect to the geographic area on campus there are going to be people who are more inclined to work with those right down the hall. Furthermore, Kevin is aware of high barriers, mostly with respect to communication and making real research collaboration happen. He sees this as “the tough part”, but its clear that he is in agreement that collaboration is happening presently even if on a small scale he definitely believes it to be more widely feasible as time progresses. There are certain modes of interacting which have become imbedded in the learning styles of social scientists, which are much different than the physical sciences. Indeed, there are going to be young scientists and others who may never feel comfortable operating in a collaborative world and they will have skepticism.






The Scientist


Jonathan Goler has been a graduate student at Berkeley for three years. He received his first exposure to synthetic biology in his undergraduate years at MIT. Jonathan and I conversed over the emails sent over the course of a two-week period. Out of the three interviewees he was the quickest to respond. In the questionnaire I sought to find the answer to where a he might see his project in five years. Wittily, he retorted, “hopefully done and deployed.” Could this be the voice of a frustrated, overworked and underpaid student? Perhaps, even more likely though Jonathan who is skeptical of the human practices position in SynBERC knows that I pose no threat to him. He is accountable for himself, not SynBERC and hence is less concerned with being in total agreement with open source as a functional model.


 Indeed when I posed the question, “where do you see synthetic biology heading?” He responded candidly with what he felt was appropriate, stating, “right now, into the dumpster, but hopefully it will work out and standardized parts and functional composability will work.” At first he seems pessimistic about the possibility of achieving the ends currently proposed. On the other hand, he did gesture positively toward the possible likelihood that synthetic biology will enable a lot of applications that he can only dream about now.

Conclusion


These actors have expressed a desire toward attuning themselves to the pedagogy of an open exchange model. The question remains as to whether or not they are willing to contribute to developing collaboration. In the interviews with Kevin and MaryAnne this is the case. Kevin’s responses on the other hand point to an area of difficulty. Hence, the question posed herein becomes a space for genuinely expressed openness for those who are not at great risk of being chastised. On the other hand, this poses a quandary for the elite scientists and constitutes a key starting point of inquiry being undertaken both within the test bed structure of the scientific labs and in expansion of mode three with the experimental human practices element. This insight offered in this paper resonates in a timely manner with the question posed by Drew Endy to Kristin Fuller at the most recent iGEM competition concerning intellectual property and the open source model. Would it not seem to suggest that some internal complications exist if one of the founding fathers of synthetic biology is questioning patents and then turning around and trade marking an admittedly “open” registry? 


Further, the language put forth by the rhetoric of the actors involved suggests that elements beyond the scope of this paper concerning the behaviors and beliefs exist and are affected by the hierarchical structure. Though I am drawing inferences based on only a few interviews with select individuals I find my results to be telling of the current state of synthetic biology. At present the focus at the beginning of the term, that synthetic biology’s promises are obscured by fancy phasing, is strengthened by my interviews. Certainly, we should work toward the remediation of crises facing humanity today; however we might ask, does continuing to shroud the truth concerning open source and free exchange in any way aid the intellectual property question? 


In conclusion, if hierarchies are not a factor affecting the beliefs of actors involved what is modulating the false pretense that collaboration is happening at present? These and other questions like it will help to determine whether the mode three experiments can alter the course of synthetic biology. Indeed it may be the case that the field is too nascent for us to critically analyze whether collaboration is actually taking place. One thing is certain however, the science is feasible and solutions can be actualized and delivered. Lastly, I will leave you, the reader one question; will the platform and tools being laid down presently be carried out in way that allows new scientists to flourish?

Open Source: The Ethical Framing of the BioBricks™ Registry 

Arashia Randhawa

The idea of open source within the context of the BioBricks registry can be interpreted to be a phenomenon that calls for the production of a “space” (i.e. online) in which data can be shared freely among a group of people in order to improve or create new “things”. In the arena of synthetic biology one “space” in which open source can be applied is the BioBricks data registry and the “things” that are created as a result are synthetically constructed biological organisms that perform particular functions. In other words, open source creates a legal “safe environment” through the platform of the Biobricks data registry in which, parts, devices, and chasses can be created and posted on the registry in order to create a compilation of information to help find cures for human and environmental ailments. I will focus on the concept of open source as a platform to anchor ethical discussion about the BioBricks data registry. First, I will discuss the basic idea of the BioBricks parts registry and what it encompasses. Second, I will share the unspoken objective of BioBricks to attain legitimacy by university endorsements through sponsoring the yearly iGEM [international genetically engineered machine] competition and how it is used as a marketing component for synthetic biology to create brand recognition. Third, I will explain the rhetoric of open source by providing a working definition of what open source means within the context of synthetic biology. Fourth, I will interpret Drew Endy’s move to trademark the BioBricks registry through the platform of traditional American values, such as ownership and proprietor rights. Fifth, I will articulate how BBF is attempting to make BioBricks a “value brand” as a means to secure their place in synthetic biology. Sixth, I will provide further insight by analyzing the BioBricks definition available online to depict how BioBricks is attempting to become a brand. Finally, I will conclude by discussing two potential threats that could disrupt the overall goal for the function the registry is intended to perform and what the future of synthetic biology seems to be.

The BioBricks data registry is a non-profit organization that has its prideful beginning rooted in our nations best academic institutions. With the help of experienced scientists and engineers from MIT, Harvard, and UCSF the BioBricks data registry provides a technology to scientists and engineers working in the biotech community a tool that can standardize biological parts, which can program DNA parts that encode basic biological functions. The parts that are created through the registry are then made available to the public free of charge as source code; other individuals or organizations can then improve previously posted parts or add new ones.  The BioBricks data registry also claims to develop and implement legal remedies to make sure that parts posted on the registry “remain freely available to the public” (www.biobricks.org). The rhetoric of open source becomes an ethical claim in itself because open source within biology changes the way that science is done, there is a shift being made from independent work to a collaborative effort on a global scale. The idea of the registry is very progressive and has been made controversial by the actions of Drew Endy who trademarked BioBricks. By creating a community database for biological source code BioBricks provides access of information to many individuals in the scientific community that may not normally have had access to such information prior to the registry’s creation. BBF suggests that to be able to contribute to the database individuals are vicariously making it possible to create remedies to problems that may not have been able to be solved without collaboration (in the act of posting parts on the registry as open source). While, the general idea of the registry has claims that are ethical, valid, and beneficial to society one must also look at the outlier factors that can illustrate how the registry can also be a service that is unethical should the motivations lie in big business, which will be explained in further detail later.

We can sensibly conclude that the BioBricks foundation [BBF] has a vested interest in portraying their service as the best and hope to stay the best once the field becomes competitive. By providing a free service BBF can be interpreted to be indirectly stating a superficial objective to illustrate the idea of open source as having a genuine interest in helping humanity while financial matters seem to be unimportant. This objective is to establish clientele through having support from various universities and by having this bond with universities BBF gives back by sponsoring the annual iGEM competition. This competition is an excellent form of outreach to young scientists who want to foster change in the way biology is progressing. It is also a great way for the registry to build credibility, since the competition illustrates how useful the registry can be on a professional level. The iGEM competition can be viewed to be a very unique marketing strategy in which legitimacy can be established through affiliation with academic/research institutions from all over the world. The iGEM competition reinforces BioBrick’s desired goal in which scientific breakthroughs can be made by providing this knowledge data base (BioBricks). The igem competition is clearly propelling interest in academia, which helps to increase the popularity of BioBricks as the premier source code database.  With iGEM competitions as the steering mechanism, BioBricks is introducing the concept of open source as a biological one all over the world. 

Before discussing the registry as a progressive concept we must take a closer look at the rhetoric of open source and the ethical claim that is being made through usage of open source in synthetic biology. In essence, open source, a concept that is used within software engineering, has been introduced and then applied to the field of bioengineering. These two disciplines have always been understood to function completely independently of one another until the realization came that open source could be applied to the biotech industry to produce more profound results within medicine. Open source being used within biotechnology has inspired the creation of a new sub discipline, that of synthetic biology. Open source changes the way in which software engineering and biology is viewed and allows access on a global scale to anyone involved in the industry. This leads me to the point that the concept of open source in synthetic biology is progressive because it gives the semblance of something that is not elitist, and the scientific community in general is viewed to be quite elitist. Open source deconstructs power relationships by giving access of information to everyone despite scientific seniority. Thus, synthetic biology can be seen as a social movement in itself, as suggested by Chris Kelty, professor at Rice University. 

Drew Endy, founder of BioBricks™ is criticized for trade marking the registry and is viewed to be a hypocrite for doing so. Endy is considered to be one of the biggest proponents of open source and by trademarking BioBricks he is viewed as just another businessman uninterested in the belief of truly progressive ideas, such as open source. Endy’s move to trademark the registry should be irrelevant if his main objective is to better humanity by providing a space where patents do not play a role in innovation. One can then assume that having trademarks defeats the purpose of what open source embodies, so a question to propose would be, why is it necessary to have a trademark in the first place? This is where the controversy lies, was Drew Endy’s move to trademark BioBricks a valid one? Does he have motivations for the future that inspired this act? These questions have many dimensions as far as interpretation is concerned. The point of view of the interpreter would lead discussion and answers to be biased.  One interpretation from a political viewpoint is that Endy could be indirectly cashing in on his American desire to be involved in a capitalistic and individualistic society, which prides itself on ownership and proprietor rights. Without the security of ownership Endy may have felt insecure based on what American motives are and he wanted to make sure all bases were covered and he was compelled to trademark the site out of fear. Through the act of trademarking his subconscious manifests into a tangible form by inferring that the registry is now more secure to those who post on the site and since he has created the umbrella trademark it legally protects the individuals who post on the registry. 

Endy trademarking BBF is a move to create brand recognition, also known as the business concept of “value branding” in which Endy had created a vision of BioBricks in the mind of the consumer to ensure that his brand is what comes to mind when people think about synthetic biology. Endy is the first to create this type of registry service and has made his mark in the community as a brand of innovation and potential to be extremely successful. Endy has created something that people in the biotech community recognize as the first of its kind, which in turn creates a impression in the consumers mind in which open source is automatically linked with Biobricks, this is a marketing strategy that will ensure that he receives the credit he deserves from a business standpoint. Simultaneously, Endy has a desire to help the good of humanity but needs to secure his own place within the synthetic biology hierarchy as well. Endy’s move is very logical and intelligent from a business standpoint, which is clearly illustrated on the BioBricks website where BBF has provided the consumer an explanation and definition of what BioBricks is and why it has been trademarked. “A "biobrick" is a type (brand) of standard biological part. The words "biobricks" and "biobrick" are adjectives, not nouns. The BBF [BioBricks Foundation] maintains the "biobrick(s)" trademarks in order to enable and defend the set of BioBrick™ standard biological parts as an open and free-to-use collection of standard biological parts.” 

As a Weberian concept, this definition being posted on the website could be interpreted as the manifestation of the American motivation to receive credit and do things on a basis of the reward system. When Endy was asked directly why he trademarked BioBricks and why he defined it as a adjective Endy stated that, “…Since there are no competing brands, this makes the distinction of importance of a brand seem stranger than it actually is. The main point is that not every piece of DNA is a BioBrick part. Biobrick parts must freely be available [as information], free to use…” In other words, trademarking does not affect the open source concept of the site as a whole and it is a way for him to ensure business rights of the registry and not the contents of the registry as  explained by the concept of “value branding”. Endy’s statement depicts a clear picture of his business motives in attempting to create a brand.

Again, this reinforces that by creating a label Endy indirectly fulfills the American desire to have ownership over objects and ideas. As a culture based on proprietorship, associating things on the registry with a label on the one hand defends the purpose of open source and also defends the idea that Americans want to have ownership over things as a form of acknowledgement of private property. This is the main critique of the registry, why should Endy benefit from proprietor rights and those involved with posting parts not have this benefit or legal security? Again, this shouldn’t matter if the goal is to better humanity.  The overall BioBrick trademark ensures legal safety of the parts that are posted on the registry and affirm that it is open source and they have trademarked BioBricks as a concept independent from the parts, devices, and chasses that are posted on the registry.


Though the idea of the registry overall is depicted as a concept that can help us make tremendous progress we can also be assured that groups with interest to make money will do what they can to take advantage of sites such as BioBricks. One group that poses large threats on the purity of the concept of the registry are pharmaceutical companies with a vested interest in capital accumulation. Since the registry has significantly reduced transaction costs and access issues by being available free of charge online, it can be assumed that no competitive registry will attempt to charge for a similar service, should competitors
 come into the scene. For instance, what if a pharmaceutical company decided to create a registry and used the information posted as a means for profit, it would then render itself as an unethical concept since the data is being used in order to make profit rather than provide information, which can be used to make cures. Another group that poses large threats and instills tremendous amount of fear are bioterrorists. If the information on the registry was used for malicious intent, biological weapons could be created which would result in the loss of many lives. 


Access issues are a huge problem when it comes to the concept of the registry, how can people be monitored to ensure the safety of our health as well as keeping the essence of what the BioBricks registry represents? As Rabinow clearly illustrates through his paper on the three modes, collaboration and cooperation are two separate entities. In my perception I feel that cooperation is a lot easier to attain than collaboration. To expect people to collaborate on a global scale and share sensitive information is far fetched in my view, but not impossible if everyone has the same intentions. A perfect example of  a lack of collaboration and cooperation is the Princeton team from 2006 who refused to post their part(s) on the registry, which disqualified them from being the winners that year. If we have university groups not willing to post their ideas on the registry, how can we expect prestigious scientists to do the same. The registry is a nice idea however; I am skeptical that it will work the way it was indented to since it deconstructs power relationships within the scientific community allowing people of various talent have the same information. The ethical claim being made by open source rhetoric in which they are redefining the way biology is understood will take time to sink into the minds of people in the industry and motives will always be questioned.

Works Cited.

Biagioli, Mario. “Patent Republic: Representing Inventions, Constructing Rights and Authors.” Social Research 73.4 (2006): 1129-1172.

BioBricks Website. 2007. BioBricks Foundation. (www.biobricks.org)

Calvert, Jane. “Patenting Genomic Objects: Genes, Genomes, Function and Information.” Science as Culture 16.2 (2007): 207-223. 

Costa, Kevin, Personal Interview: Synthetic Biology. 8 November 2007.

Costa, Kevin. Email Interview. 9 November 2007.

Dueber, John. Email Interview. 16 November 2007.

Endy, Drew. Email Interview. 28 November 2007.

Endy, Drew. "Foundations for engineering biology." Nature 436(24): 449-453 (2005). 

Fleising, Usher and Alan Smart. “The Development of Property Rights in Biotechnology.” Culture, Medicine and Psychiatry 17 (1993): 43-57.

Goler, Jonathan, Email Interview: MIT and SynBERC. 5 November 2007.

Goler, J., Temme,.K. Biosecurity and Registries of Standard Biological Parts. May 9, 2007

Goler, Jonathon. Anthropology 112 Lecture. 6 September 2006.

International Genetically Engineered Machine (iGEM) Competition website. 2007. (www.igem.org)

ISO website. 2007. (www.iso.org)

Kelty, Chris. Email interview. November 15, 2007.

Kershaw, Michael. "The international electrical units: a failure of standardisation?" Studies in History and Philosophy of Science 38(2007): 108-131

Kumar, Sapna and Arti Rai. “Synthetic Biology: The Intellectual Property Puzzle.” Texas Law Review 85 (2007): 1745-1768.

McCormick, MaryAnne, Personal Interview: Intellectual Property. 8 November 2007.

MIT Parts Registry. 2007. (parts.mit.edu)

Pauly, Philip J. Controlling Life: Jacques Loeb and the Engineering Ideal in Biology. New York: Oxford University Press, 1987.

Rabinow, Paul, and Gaymon Bennett. Human Practices: Interfacing three modes of collaboration.

Rabinow, Paul. The Biological Modern. ARC Concept Note No. 6 (2006).

Rai, Arti and James Boyle. "Synthetic Biology: Caught between Property Rights, the Public Domain, and the Commons," PloS Biology 5.3 (2007): 389-392.
Weber, Max. Science as a Vocation. From Max Weber: Essays in Sociology. New York: Oxford University Press, 1958.

Appendix A: Collaboration: The Ups and Downs of Teamwork


Research in cultural psychology suggests that individualistic countries like the United States perform poorly in collaborative and cooperative tasks compared to same age cohorts in countries like Israel and China, which are collectivistic (Earley, 1989, 1993). This may be one response for why both within SynBERC and the intellectual property group collaboration is hard to achieve. In particular our group found three spaces of difficulty. Firstly, we had trouble clearly defining the problem space and coming to an agreement amongst all group members on how the work should be pursued. Second, we had problems communicating with one another. Unfortunately, some group members felt as though their input was not being heard and also that perhaps they were not receiving all of the communication between members of the group which took place via email. Lastly, theoretical timelines were unrealistic and hard to manage for many members of the group. It is the case that we are all hard working busy Berkeley students, which made it difficult also to meet regularly with all members of the group.


These problems might be remedied if we had more clearly defined deadlines for parts of the paper due throughout the semester. For example, if each of our introductions were due by the fourth week and then successive parts every two weeks it would be easier to manage composing a more integrated paper. Further, it might have been useful to have group meetings at least once a month starting from the beginning of the semester so that all members have a greater chance of being in the same place together.

In general though it is widely known that teamwork is hard to accomplish especially when at times we feel as though our autonomy is being threatened.


Despite the difficulties we experienced in coming together as a group we managed to remedy the communication problems we struggled with in the beginning. We divided the work up in the following manner: each group member chose a topic of interest with the commonly agreed upon case as the framework of their paper. In the end we were able to develop a comprehensive PowerPoint presentation and cohesive paper in which different aspects of the case came together for our final product. 
Appendix B: Interesting Factoids  

A search in the US Patent Collection database resulted in the following: “gene”: 102009 patents, "gene sequences": 10789 patents, "University California Berkeley": 2787 patents. “amyris”: 70 patents, and interestingly, "synthetic biology”: ZERO. 

Appendix C: Email with Chris Kelty

Arshia,

Thanks for writing, I'd love to help, though time is limited.  Let me

respond with five questions.  If you can answer these, then you will

have a paper:

1. What is the "source code" of synthetic biology?

2. What license are parts distributed under, and what is the

   difference between a copyright license on a part, a patent on a

   part/process, and a trademark on biobricks?

3. What infrastructure is necessary for biobricks to be widely and

   equally available (hint: what is the equivalent of the standard PC

   hardware architecture, the standard protocols of the internet, and

   the standard UNIX-like operating system software).

4. How will distributed individuals work on the same engineering

   project across time and space? What tools and form of organization

   will they use to manage and coordinate their activities to achieve

   a shared engineering goal in synthetic bio?

5. Is synthetic biology a social movement? 

they may seem arbitrary, but these 5 questions define what open source

is in the world of software.  When it is translated into new domains,

like biology, people change the answers to these five questions, and

they come up with new and different meanings for open source.  One

last thing... you might want to make sure you understand what the

difference is between open source and free software, and whether that

difference makes a difference in syn bio...

ck

On Wed, Nov 14, 2007 at 03:01:20PM -0800, Arshia Randhawa wrote:

> Professor Kelty,

> 

> My name is Arshia and I am taking professor Paul Rabinow’s synthetic biology

> course at UC Berkeley. It was suggested by professor Rabinow that I contact

> you in order to attain a deeper knowledge on the issue of open source for

> the group papers that we are completing for  the end of the semester.  I

> have a few questions which I would like for you to answer. Before I ask

> those questions I would like to inform you what my paper is about.

>  

> In teams of 5 we must create a collective paper researching and discussing a

> specific part of synthetic biology. My group is researching Intellectual

> Property as it relates to synthetic biology. We are using the biobricks

> registry and the idea of opensource as the backbone to each of our

> individual papers. 

>  

> What I am attempting to do in my section is look at the terms open and open

> source and see how they fit into the larger scheme of things.  I will define

> open and opensource as I see fit based on the various perspectives on the

> term. I will also provide a working definition of opensource as an ethical

> concept. Then, I will delve into what rhetoric accomplishes – and use Drew

> Endy as an example of a proponent of open source that went out of his way to

> trademark biobricks . Through that discussion I will move along to power

> relationships that become apparent through rhetoric and discuss the claims

> that are made and then discuss what is actually happening (based on the

> articles we have read throughout the course of the semester as well as

> drawing from interviews done by a fellow group member of various experts in

> the emerging field of synthetic biology)

>  

> I would like to ask you three simple questions, which will help me further

> analyze and synthesize my findings for my paper. They are as follows:

>  

> 1. What does the term ‘open’ and ‘opensource’ mean to you ?

> 2. What claims does opensource  make?

> 3. What is opensource doing for synthetic biology? What problems are being

> solved? What problems are being neglected ?

>  

>  

> Thank you for your time in advance, I hope that you will be able to provide

> me with further insight on these three matters. On behalf of my group and

> Professor Rabinow we are very motivated and excited to see where synthetic

> biology will go in the future and hope to gain valuable insight from your

> expertise. 

>  

>  

> Sincerely, 

>  

> Arshia Randhawa
Appendix D: Email with Drew Endy

Hi Ben,

I know that Lauren Ha responded to your initial email about the
BioBricks Foundation.  We are very busy with the work of the BBF and
have not been able to dedicate time to respond to your questions
specifically, in time for your term project.  Many of your questions
are also focused on areas in which we are actively working, and so
please consider my quick answers below as draft comments, that are
not for public distribution (i.e., as final official BBF policy).
The videos from the initial BBF workshop will hopefully be online in
the first week of December, and hopefully you will be able to study
these as soon as we can get the editing and uploading taken care of.

Best,
Drew


> Our anthropology research project is considering the registry/open
> source philosphy in terms of its practical application in research
> labs, the consequences for the future of the synthetic biology, and
> the its role in part definition and standardization. As such, these
> were some questions that we had about what the work the BioBricks
> Foundation is doing.
>
> What does open source mean in the context of the BBF and the MIT parts
> registry? Why is this approach important for Synthetic Biology?

Please read the article on Arti Rai and James Boyle published in PLoS
Biology, if you have not already studied it.  Beyond this, the
BioBricks Foundation is working on a legal scheme for BioBrick
parts.  The tenets of the draft scheme are:

1. You are free to modify, improve, and use all BioBrick parts, in
systems with other BioBricks parts or non-BioBrick genetic material.

2. If you release a product, commercially or otherwise, that contains
BioBrick parts or was produced using BioBrick parts, then you must
make freely available the information about all BioBrick parts used
in the product, or in producing the product, both for preexisting
BioBrick parts and any new BioBrick parts.  You do not need to
release information about non-BioBrick material.

3. By using BioBrick parts, you agree to not encumber the use of
BioBrick parts, individually or in combination, by others.


> What ramifications does the BioBricks standard have on the commerical
> application of Synthetic Biology research?  Is it limited to "parts"
> as defined in the SynBERC "parts", "devices", "chassis" schema? How
> does the standard affect work in these other realms?

The SynBERC framework of "parts" being open and "devices" or
"systems" being closed does not make sense and is, in my opinion,
dangerous.  The BioBricks Foundation makes a different distinction,
between the genetic information and material encoding a living
system, and product(s) produced by or encoded by such information and
material.

The BBF legal scheme is designed to promote the widest possible
commercialization of genetically-encoded products and services (and
thus does not support limited ownership of genetically encoded
functions or uses of such functions).

> Do you see synthetic biology as a engineering or scientific practice
> at this time? Is this a reasonable distinction? How do you see it
> progressing in the next five years?

It's both science and engineering.  Please read two articles, (a)
Foundations for Engineering Biology and (b) Refactoring Bacteriophage
T7, both freely available as PDFs from my website for examples.

> The definition of a Biobricks part is limited to "nucleic acid-encoded
> molecular biological function" (and appropriately all the parts in the
> MIT parts registry are nucleic acid sequences). As I understand it
> this is not limited to traditionally understood "genes" (DNA sequences
> that are templates for mRNA which code for proteins) but any
> functional nucleic acid sequence. Is the distinction between RNA & DNA
> purposefully not made? Also, on the forefront of biology there is
> still some confusion about the extent of the role of nucleic acid in
> cell function. How malleable is the Biobricks standard as the
> understanding of molecular biology/biochemistry/synthetic biology
> expands?

Yes.  The distinction between RNA and DNA encoded functions is
purposefully not made.  The BBF supports an open standards setting
process, so the technical standards defining BioBricks parts can be
openly debated and updated as our understanding of how biological
works changes.

> Finally, what was the reason behind trademarking the term BioBrick and
> defining it as adjective?

Please see the FAQ section on the BBF website (www.biobricks.org).
Basically, BioBrick parts are a type or brand of standard biological
part.  As yet there are no competing brands, which makes the
distinction of importance of a brand seem stranger than it actually
is.  The main point is that not every piece of DNA is a BioBrick
parts.  BioBrick parts must be freely available (as information),
free to use, and adhere to technical standards defined by the BBF in
support of reliable physical and functional composition.

With apologies that my answers may produce still more question.
Please appreciate that we are working flat out to actually make all
this happen.  If you are interesting in helping or learning more,
please consider joining the BBF or attending one of our workshops. 

Appendix E: Email with John Dueber

> John,
>
> No problem, I apologize for my confusion. Even though your lab is not
> working on an enzyme database or catalogue, but my understanding was
> that you would think such a resource would be useful.  The reason I
> was asking was because my group research project is regarding the use
> of "open source" philosophy in the development of synthetic biology,
> especially with regards to the MIT parts registry. If you had the time
> I would love to hear your answers regarding a couple of questions
> regarding "open source".
>
> What is your opinion of maintaining a "open source" parts registry?
> What does "open source" mean to you and how does its application in
> synthetic biology differ from previous practices in
> biochemistry/molecular biology?

To me, open source means freely shared reagents that you do not declare IP
ownership over that reagent in isolation.  I think it's an important
component of organizing a synthetic biology community.  Right now, it
doesn't make a significant difference in how my lab does research (other
than producing parts in a format that we will be able to submit to the
registry).  However, if we are able to develop a method for doing automated
cloning where we can easily make many multi-part devices in parallel, the
registry of parts will obviously become much more significant in the regular
use by labs both within and outside of synthetic biology.  Since one could
put together parts quickly and with little effort, this would be the way
everyone would want to engineer their systems - especially given a large
registry of parts to draw from.


>
> Does your lab (outside of work in iGEM in which it is mandatory) find
> the parts registry useful? Do you regularly put newly discovered
> "parts" into the registry?

See above.  We do put some basic parts in the registry but the majority of
the parts we will put in at one time when we publish the paper in which
these parts are used.  These will be the best characterized parts and we
will be able to attach the data for the parts.  I think this is actually the
most important part of the registry - the description of how they work in
your hands in the environments/situations you used them.


>
> Do you think the parts registry will help or hurt the
> commercial/industrial application of synthetic biology possible
> developments? Will it help or hurt the adoption of the synthetic
> biology paradigm/philosophy as a mode of research in
> academia/industry? Are these problems?

I don't think it will hurt as long as the open source element is limited to
the parts and not the application of the parts (which usually involves
composites of the parts).  I think overall it will help stimulate the field.
I'm not sure how much of a paradigm it will become unless it is connected to
dramatically more contextual data and/or an advancement in strategies for
automated cloning.


>
> Do you see synthetic biology as a engineering or scientific practice
> at this time? Is this a reasonable distinction? How do you see it
> progressing in the next five years?

I definitely think there are two camps of synthetic biology: one that is
more engineering and one that is more basic science.  I personally am not
very interested in focusing on the difference, I think they are both valid
for different applications.


>
> If you could answer of those questions, or address any issues around
> the parts registry & "open source" that you think are relevant, I
> would be much indebted.

I hope that helps?  Good luck on your project!

John

Appendix F: Email with Kevin Costa

Hi Ben,

Please see responses in-line below. Good luck on the project!

Kevin

Ben Howell wrote: 
Kevin,

Thanks for the emails. I was also hoping to clarify your answer with a

couple of questions. I apologize if these questions are redundant with

those covered by Natalie.

So, as of now, most of what is being entered in the registry now are

parts developed in IGEM or in labs in SynBERC that are not working on

proprietary research.  Work (or at least their parts) that is

"proprietary" in the realm of synthetic biology is not included in the

registry. Why can these labs not adopt the registry as a research

system? Because of patent law/commercialization? Are these labs

university labs co-funded by biotechs or labs in biotech firms?

The registry software, which was developed at MIT before SynBERC existed and which is still being built upon now in partnership with input from SynBERC, simply doesn't allow a user to enter a part but not make it public. It's all or nothing. You don't put a part in if you don't want others to see it, because you can't check a "hide part" textbox, for example. This is a simple thing to program, and it's scheduled to be done in the coming year, but my sense is that there was reluctance on the part of the registry's original developers to do this because they wanted to adhere to a strictly open-source framework. The iGEM teams don't contemplate patent issues when entering their parts because they are undergrads working more on proof-of-concept kinds of projects. Another practical reason some labs don't use the registry is that they consider it somewhat time-consuming and an extraneous step to their graduate and professional research projects to format and enter their parts in the registry, which is a major consideration for students in a competitive environment.


Also, do you think the culture of science (publishing, grants, tenure,

etc) are also an impediment to the adoption of the registry in

synthetic biology? Would using/posting biobrick parts hinder

publication, or effect prestige? It seems to me one of the

justifications of adopting the registry is to instill an ethic of

collaboration (for the betterment of science) between labs that does

not exist now. 

Publication issues (e.g., press embargoes) can be a hindrance to using the Registry on a case by case basis. The bigger issue is simply encouraging use of the Registry as a matter of practice. I think iGEM goes a long way toward creating the next generational community of highly collaborative scientists.


On a related note, how much of do the hazards of

material trade agreements effect work in SynBERC?

MTAs are a bureaucratic hindrance but they do not substantially impede center work.


On the other aspect of open source (the tools/technologies developed),

do you think this is less controversial because of open source

rhetoric around software, and the general history/ethic of shared

tools in academic research? 

That might be one component of it. Again, since tools/technologies are a step removed from inventions/discoveries and still require intellectual input to produce revenue generating mechanisms, people probably perceive less of a potential conflict.


Also, would you disagree that there is a

chance that these tools could be as commercially successful as the

"parts" (look at the monetary worth of the "tool" PCR) and also

improved/standardized if commercially adopted.

There's a long history of free biology tools available online, developed and adapted by various groups and performing a wide range of functions. I think a commercial hit is possible but unlikely. If a company wanted to develop such a tool, I think SynBERC would be interested in helping it succeed.
�Due to time constraints and a limited resources, we focus solely on intellectual property law in the United States, which on its own demands a multitude of pages beyond the length of this work 


� Synthetic Biology: Caught between Property Rights, the Public Domain, and the Commons


� Besides the notion that connecting strings of A, T, C, and G bases is similar to compiling source code, we could not find (in any academic journal databases) a better rationale or justification for analogizing synthetic biology to software


�	See the GNU copyleft license at http://www.gnu.org/copyleft/gpl.html


� The idea of competitors defeats the purpose of the registry. There would then be an issue of what information is posted on what registry, leaving holes of information. The concept of the registry would be diluted if others started opening registries mimicking that of biobricks.
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