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Executive Summary: 

The business proposed in this paper is, as stated in the title, “A Better Registry of Parts”. The current Registry of Parts is inadequate to act as a gateway of information for Synthetic Biology, and thus leaves an opportunity to properly fill this role. Our aim would be to fill this role and essentially act as mediators of information for Synthetic Biology, and potentially monetize from this opportunity. Although the market is currently unable to support such a business, we outline when the market would emerge, and also the different business models we would pursue when the market is ready. This paper serves to lay the conceptual framework behind such a business rather than a detailed plan executing it. 

The Market

The Synthetic Biology field is growing, but when will it grow to a critical point that can sustain the business proposed? Many reports mention the potential of Synthetic Biology to radically change the field of biology and its outputs, with the European Commission’s report on Synthetic Biology among one of them: 

“Synthetic biology is a field with enormous scope and potential. In many ways its current situation can be compared with the very early days in the development of the computer industry. It has the capacity to change quite fundamentally the way we approach certain key technologies, such as medicine and manufacturing”

Since there is sparse data that directly tracks the growth of Synthetic Biology, analogous circumstances will be examined to give a sense of a timeline for when our business proposal would be viable and potentially profitable. Currently there is not a viable market for what we propose. However, as shown below, the market is expected to reach critical mass by 2015. 
Our proposed customers would be specifically synthetic biologists rather than traditional biologists, though the biotech industry would seem quite eager to take the techniques of Synthetic Biology if they turn out to be more efficient than traditional techniques. The biotech industry’s research budget as whole in 2005 was over $20 billion (Ernst and Young, Global Biotechnology Report, 2006). A significant piece of that budget could be taken by Synthetic Biology, and Synthetic Biology will need well-organized information about parts. This is where our venture comes in.

Direct Evidence of Synthetic Biology Growth

The graph below displays the growth of Synthetic Biology through the iGem contest. With participation roughly doubling every year, we imply that this is due to the growth of the field at approximately double every year. 
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The graph below is another demonstration of growth in the Synthetic Biology field. Using publications from the USA as a model for growth, the curve suggests that the field will soon be growing at roughly double its size every year – the same conclusion reached by examining iGEM participation.
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The above figure above shows what Bio Era, a biotech consultancy, estimates what the “usefulness” of the Synthetic Biology approach is versus Recombinant DNA technology. The graph shows Synthetic Biology posed to overcome current Recombinant DNA technology by 2007; this seems inaccurate as otherwise the field of Synthetic Biology would be much bigger than it currently is. Therefore we will refine this estimate and propose a date for when our business project could be viable, the point of which the field will have sufficiently exceeded that of Recombinant DNA technology. 

Though BioEra does point out that “The market for synthetic reagents, genes and oligonucleotides…exceeded $700 million in 2006” (page 31). Total sales in this market could exceed $3 billion by 2015”. If the market indeed reaches $3 billion by 2015, that would seem to indicate that the field would be mature enough to support our product, as biological information would have to be well-ordered if such growth potential were to seized.
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Indirect Evidence of Synthetic Biology Growth


Part of Synthetic Biology’s mission (and our business plan) is the organization of biological information. The graph above shows the growth of information on GenBank. Although the amount of information is not doubling every year like what the previous presented data has shown, the curve shows that the information density is growing rapidly and thus lots of opportunity to organize the information or even characterize the parts contained within.  
The information on GenBank/NCBI website is not well-organized; indeed it acts as more of a dumping ground for sequences and the other things researchers find. Its viability as a potential competitor to our venture is thus non-existent at this point; indeed it could be turned into a collaborator. Characterization of this information and widespread dissemination of it will be important to Synthetic Biology as a field, and seeing as how Synthetic Biology is posed to filter into all spheres of research in some degree, represents a large business opportunity that will most likely be acted upon. 
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The graph above shows diffusion of new technologies in human society since their diffusion. It can be seen that electricity took about 30 years to reach 90% diffusion. The graph is 10 years old, and so cell phones (the newest technology listed) are at least at 70% diffusion in America in 2006(“Home and Away”, The Economist, 2006). These trends can be used as a standard by which to judge how quickly Synthetic Biology will diffuse. However there are a few key differences between the technologies listed above and that of Synthetic Biology. First, the technologies above are consumer-based, whereas Synthetic Biology is “technology-based”, meaning that it works within a current area of technological research. Second, the technologies above are disruptive in the sense that they had no supporting infrastructure and were the first in their class; Synthetic Biology is based off the gradual evolution of current techniques in biology. Thus, using electricity and cell phones as a standard for Synthetic Biology diffusion should set maximums on when sufficient diffusion will occur. With cell phones having been around for 25 years and having diffused extremely widely by this point, and with the considerations listed above, Synthetic Biology could realistically reach sufficient diffusion within half the time since its induction, and so by 2015.

Catalogues and Industries

How should synthetic biology catalogue its parts at the present, and in the future? Before analyzing the potential product, it is important to analyze other industries and the development of cataloging systems. 
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In the above figure, different cataloging systems have been laid out against industry and market progressions. 

Industry and Market Progression
Every industry starts with an idea which is then adopted by a few enthusiasts. If the idea is great, it can progress through different levels of standardization. To be concrete, we will call this progression of standardization as the Industry Life Cycle.

Bits and Pieces

The first component of industry progression is ‘bits and pieces’. This is essentially a group of enthusiasts and an idea. (For perspective, we consider Synthetic Biology to be at this phase of the industry life cycle).

At this point, the market has a small number of both buyers and sellers. Because of the varied interests and lack of structure in ideas and the industry, the best performers of catalogues at this point have been a ‘free-for-all’ system, where there is very little structure and mediation on the parts of the host. Examples of successful systems at this stage are: Craigslist, eBay and NCBI

Standardization and Catalogues

As the idea grows and is accepted as a ‘great idea.’ Standardization takes place. Just like how screws were given standard sizes, as with building material measurements, and pipe sizes, other industries also undergo this transformation. Many times, standardization is triggered by the evolution of a killer-application (a single application that is highly desired and used by a significant number of users).

The market at this stage is generally filled with many buyers (demand-side increase) and the sellers are ramping up to cut costs (standardization) and deliver products at unprecedented rates. 

In the hardware era, catalogs developed to assist with ordering of items. Currently, MIT is attempting to do the same with the Registry of Parts. Although, we believe that the Registry is before its time, there is no need for such a formalized system until a large number of buyers appear on the market after a killer-application has been found. An example of a successful cataloging system is Amazon.

Aggregate Catalogues
As the number of buyers increase, the number of sellers will also increase – this is due to the simple nature of supply and demand (ie. more demand triggers more supply and price/feature competition). Due to standardization, the number of catalogues produced by sellers increase, which creates burden on the buyers to sort out different buying options and prices.

Aggregate catalogues work by giving the buyer the ability to compare prices and features of individual standard parts. (ie instead of parsing through 10 catalogues to see what the price for part A is, the buyer would only have to use the aggregate catalogue to look up part A, and all the sellers and prices will be listed)

This is the strategy of InPart (described below), which aggregated parts for motors, bearings, etc and provided the designers with a GUI to order parts. 

Bidding Models 

As competition grow fiercer in the industry, and the introduction of aggregate catalogues, the focus of competition starts to lean toward cost cutting, bidding systems emerge to let the buyer achieve the lowest price for parts.

SupplierMarket (described below) used this model for screws and other low-level standard industry parts. eBay is also creating a market for bidding. It is interesting to note that eBay serves as a market for a small number of buyers and sellers as well as a market for bidding for the lowest price.

An example of the trends described (excluding bidding models) can be seen with cell phones. The graph below represents the growth of text messaging in cell phones.
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CSC, which stands for Common Short Code, is a 5 or 6 digit number that one can text to from any carrier and can be thought of as a type of aggregate standard. This is analogous to the aggregate catalog model. Texting was first available on cell phones in about 1992, and inter-carrier texting capabilities (being able to text from one provider to the other) were available in late 2001, with these acting as individual catalogs/standards. The aggregate standard/catalog developed in 2003. This gives a timeline of about 10 years for when an aggregate standard/catalog was made viable. Thus, if the same timeline is applied to Synthetic Biology, and assuming the field started in 2003, this would mean our business could be viable in 2013 if an aggregate catalog model of growth were pursued. 
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Product Evolution

So, what is the effect on product evolution through these multiple stages? The figure below describes how in the initial phase, there only exists one version of a product. At standardization, market forces push for many more sellers. Finally, there is an abundance of the same item from many sellers.
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Comparable models

An electronic parts repository is not a new concept – in hardware there have been multiple examples of aggregate part repositories in history. Particularly, we will look at two companies: InPart and SupplierMarket.

It is important to realize that parts touch multiple phases of the production cycle.
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After the product concept has been developed, engineers normally create the designs for the parts, and finally, the parts from the designs are fulfilled by a parts vendor. Naturally, there have been companies in the past that created products to serve the needs of the second and third stages of the hardware business.

InPart

InPart was founded in 1997, and serves the second stage and third stages of the process shown above. Their business model is as follows:
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InPart combines its in-house parts drawings comprehensive catalogues of industry vendor’s parts into its DesignSuite. Designers can now leverage DesignSuite and avoid drawing out the parts on CAD themselves as well as directly ordering the parts once the product design is complete.

In this business model, InPart serves three core purposes:

· Part Design

· Catalogue aggregator

· Sales channel for the Parts Suppliers to the Designers

SupplierMarket

SupplierMarket was founded in 1999 and focuses on stage three of the production cycle: purchasing parts (order fulfillment). In SupplierMarket’s case, the main issue is that there are too many vendors available for fulfilling orders (duplication) and the order fulfillment agents can only search through a small subset of possible vendors. This leads to the inability to find the lowest price for a given commodity (ie. a screw). Unlike InPart, SupplierMarket’s target parts are much more standardized (there for more vendors), and developing designs of these standardized parts are much less of a customer-pain. As a result, SupplierMarket’s business module revolved around order fulfillment.
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This model works in the reverse of eBay – the buyers (not the sellers) post a requirements document detailing what needs to be delivered. Sellers then try to fulfill that order – SupplierMarket receives a portion of the total transaction (like eBay).

Part Catalogue Strategy 

Where is Synthetic Biology today and how should we proceed? A typical part in the Registry of Parts will be described, but there may not even be a seller. Clearly, Synthetic Biology is in the ‘bits and pieces’ or initial phase of the industry and market.
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Timeline and Product

It is expected that within the next 2 decades, Synthetic Biology will experience exponential growth, enter the standardization phase, and later phases of the Industry Life Cycle. 


At the point of the transition, it is important to switch the primary listing product offering to an aggregate catalogue. Finally, transition the primary product offering to an auction system similar to eBay if there exists an overwhelming number of sellers (>100) and buyers.

Product Description

The goal of this paper is to make the reader realize that consistent product evolution is required to keep up with the changing industry and market.

With the approach of synthetic biological components, there is a lack of a well-organized or centralized catalogue of any kind. There exists the Registry of Parts model but it lacks dozens of useful features and even a proper indexing system for each component. Instead of using the existing Registry of Parts infrastructure as our base, we looked at several other business models in order to identify useful characteristics to sample from and to make a uniform component catalogue.

In synthetic biology’s early stages, there are a low number of buyers and sellers. We decided that this point for our business would best be represented through Craigslist and SourceForge. Following an aggregation of bits and pieces, a large spike in demand would appear and thus a high number of buyers while there are still a low number of sellers. InPart epitomized this model. The final stage in our business progression would be saturation of the market; a high number of buyers and sellers. Our examples of choice here are Amazon, eBay and SupplierMarket.

It would be wasteful to create a massive catalogue and marketplace for a particularly low number of buyers and sellers. For this reason, we would choose to focus on a more community-oriented model, SourceForge and craigslist. 
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This would be a collaborative network in which a “market” defined in a traditional sense doesn’t really exist. In both situations, the users use the service as a “dump” in which they hock their goods or place their personal work for all to see. We would provide this central repository for users to share and manage their projects independently of any kind of governing body. Using a version tracker, a change log would be kept to follow the various updates of each “project”. The community input and support on these projects would be the driving force for motivating authors to continually update their own work or submit new ideas. Users would also be able to take part in a classifieds section, where one researcher might request a particular component from a pool or instead, a researcher might offer their services to the public. A heavily targeted ad campaign could generate enough revenue to at least maintain the site until the “market” materializes. Our advertisements would mostly deal with DNA synthesis houses, which might include companies such as IDT Custom DNA & RNA, Blue Heron Bio GeneMaker and DNA 2.0.

The second stage in our business’ evolution would include a large increase in buyers and a negligible increase in sellers; the number of sellers would still be relatively small in comparison. But because of the rise of interest, modeling ourselves after InPart’s and Orbitz’s standardized catalogue has its merits.
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This model provided a large number of users with a central market in which to order custom made parts. In short, they served as the middleman. The previous business features would not be abandoned but rather improved upon. Instead of a loosely defined classifieds system, we would implement a more centralized cataloguing system. Because of the increase in sellers, an increase in services and components would also be expected. Ideally, we would organize the new listings and also allow users to produce their own spec. Users would be able to list the exact specifications they were looking for in a component including growth conditions, input & output materials, and costs. From there, various sellers would give an estimate on the time and cost that it would take to put together such a component. At this point, our system is tracking each offer, thus allowing the user to pick and choose from whichever company they prefer based off of their name brand or costs. Once the user has decided upon a specific seller, we would facilitate the order and transaction. Revenue would instead be generated as a middleman; a small portion of the cost would go to maintaining our services and hopefully netting a profit at the same time.

With the third and final business development, the market will have reached a saturation of both buyers and sellers. However, by this time, the lines between being a buyer and seller may have blurred because users will not be limited to either category. The dual role that users would play lends itself to the Amazon/eBay/SupplierMarket model.
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At this point, full on inventory tracking could be implemented. Not only would it track available components but also maintain statistics of seller ratings, “customer” satisfaction, and the most popular items. A bidding system would be instated in which users (i.e. sellers) compete for the lowest price and the buyers pick and choose. This is somewhat similar to SupplierMarket except that the lines between the two kinds of users are blurred. By this point, with market saturation, a larger collaborative network is also to be expected. A credit system could be used to encourage synthetic component contribution in which original authors would net a certain amount of company credit and use this to purchase other components. Elements from the first business phase would resurface in the form of a cooperative-source model in which contributors would also earn a fraction of the credit of the component depending on their own work. With the unveiling of a centralized inventory, a fully featured catalogue could be created with logically indexed serial numbers and accurate component categorizations to maintain clarity for all of its users. Both of these features are sorely lacking from the current version of the Registry of Parts.

As the final stage of our business plan unrolls itself, a variety of changes would be implemented to accommodate for the changing market dynamic. We have pulled different tools from other successful business models and molded them to suit our users, both buyers and sellers by the endgame. Throughout the business transitions, we support our service through targeted ads as well as fees for facilitating transactions. At the target of total market saturation, we hope for a large community that continually generates new components and feedback to support one another, in other words, a self-sustained synthetic biology group.

Financials

At this point, a company is not a viable business based on the following financial projections. Assuming that there is the market for 1000 transactions that can be done through a new parts listing service, and assuming that $20 in revenue can be generated from each transaction (this is about a $400 transaction using the same commission system as eBay).

Further, assuming that the number of transactions will double each year (based on growth of Synthetic Biology), and a company with 3 employees. It is not possible to achieve profitability until year 5. 

	Most Likely
	 
	
	
	
	
	

	
	2007
	2008
	2009
	2010
	2011
	2012

	Price / Transaction
	 
	$20.00
	$20.00
	$20.00
	$20.00
	$20.00

	Number of Units Sold
	 
	1000
	2000
	4000
	8000
	16000

	
	 
	
	
	
	
	

	Net Sales
	 
	$20,000
	$40,000
	$80,000
	$160,000
	$320,000

	Cumulative Sales
	 
	$20,000
	$60,000
	$140,000
	$300,000
	$620,000

	Unit Cost (Target)
	 
	$0.25
	$0.25
	$0.25
	$0.25
	$0.25

	
	 
	
	
	
	
	

	Cost of product sold
	 
	250
	500
	1000
	2000
	4000

	Gross margin
	 
	19750
	39500
	79000
	158000
	316000

	% gross margin
	 
	98.75%
	98.75%
	98.75%
	98.75%
	98.75%

	
	 
	
	
	
	
	

	Development cost 
	$10,000
	$10,000
	$10,000
	$10,000
	$10,000
	$10,000

	Marketing
	 
	$2,600
	$5,200
	$10,400
	$20,800
	$41,600

	Other (employee costs)
	 
	$150,000
	$150,000
	$150,000
	$150,000
	$150,000

	
	 
	
	
	
	
	

	Total operating expense
	$10,000
	$162,600
	$165,200
	$170,400
	$180,800
	$201,600

	Pretax profit
	-$10,000
	-$142,850
	-$125,700
	-$91,400
	-$22,800
	$114,400

	% profit
	 
	-714%
	-314%
	-114%
	-14%
	36%

	Cumulative profit
	-$10,000
	-$152,850
	-$278,550
	-$369,950
	-$392,750
	-$278,350
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Number of schools participating in iGEM from 2003-2007*





*2007 figure was estimated by people at OpenWetWare





Publications within a particular parameter of “In Vivo Engineering”*





*This stands in as a definition of a Synthetic Biology publication - by no means accurate. Only a representation





Taken from � HYPERLINK "http://www.synthetic-biology.info/statistics.html" ��http://www.synthetic-biology.info/statistics.html�








Source: BioEra report “Genome Synthesis and Design Futures”. 2007





Source: NCBI Webiste. 
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� Synthetic Biology – Applying Engineering to Biology. European Commission – New and Emerging Technology Research Group. 2005.


� Information taken from Harvard Business School case study on InPart


� Information taken from Harvard Business School case study on SupplierMarket
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