
[Thistalk was presented at the 4S 2009 conference, Washington, D.C., October 31, 
2009. ]

Today LΩƳ ƎƻƛƴƎ ǘƻ ōŜ ǘŀƭƪƛƴƎ ŀōƻǳǘ ǎŎƛŜƴǘƛŦƛŎ ǾŀƭƛŘƛǘȅ ƛƴ ǘƘŜ ŜƳŜǊƎƛƴƎ ŦƛŜƭŘ ƻŦ 
ƳŜǘŀƎŜƴƻƳƛŎǎΣ ƻǊΣ Ǉǳǘ ŀƴƻǘƘŜǊ ǿŀȅΣ LΩƭƭ ōŜ ƭƻƻƪƛƴƎ ŀǘ Ƙƻǿ ǎŎƛŜƴǘƛǎǘǎ ŎǊŜŀǘŜ 
metagenomic facts, and how large genetic databases play a role in creating those 
facts.
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LΩƳ ƎƻƛƴƎ ǘƻ ŘǊŀǿ ƻƴ Woolgarand Coopmansdiscussions about STS approaches to 
e-Science, and use the notion of scientific witnessing that was described by Shapin
and Schaffer. ShapinŀƴŘ {ŎƘŀŦŦŜǊ ŘƛǎŎǳǎǎ .ƻȅƭŜΩǎ ǳǎŜ ƻŦ ǘƘŜ ŀƛǊ ǇǳƳǇ ŀǎ ŀ 
ŘŜƳƻƴǎǘǊŀǘƛǾŜ ŘŜǾƛŎŜΣ ǎƻ ǘƘŀǘ ǘƘŜ άŦŀŎǘέ ƻŦ ǾŀŎǳǳƳǎ ŎƻǳƭŘ ōŜ ǿƛǘƴŜǎǎŜŘ ōȅ ƻǘƘŜǊǎΦ 
The performance of an experiment in and of itself was not enough to create a 
matter of factτthe experiment had to be witnessed. The fact becomes stronger 
when more people can testify to the experimentτrequiring what Shapin, in Pump 
& Circumstance, Ŏŀƭƭǎ ǘƘŜ άƳǳƭǘƛǇƭƛŎŀǘƛƻƴ ƻŦ ǿƛǘƴŜǎǎŜǎΦέ  

Shapindescribes three mechanisms for creating and multiplying witnesses. The first 
was eye-witnessingτseeing the experiment first-hand, usually in a social space, and 
being able to testify to its results. For example, Boyle would demonstrate his air-
pump experiments in front of the Royal Society. The second means of witnessing 
was through replication. You may not be able to see me do my experiment, but if 
you have the protocol, you (or anyone else) can conduct the experiment yourself. 
Both of these first two ways of witnessing have significant problems. Eyewitnessing
is limited by how many people can see the experiment first-hand. Replication is 
notoriously difficult. Often others may not have the resources or expertise to do the 
ŜȄǇŜǊƛƳŜƴǘ ǘƘŜƳǎŜƭǾŜǎΦ !ƴŘ ŜǾŜƴ ƛŦ ǘƘŜȅ ŘƛŘΣ ǘǊȅƛƴƎ ǘƻ ǊŜŘƻ ǎƻƳŜƻƴŜ ŜƭǎŜΩǎ 
experiment is fraught with problems and frequently fails.
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¢ƘŜ ǘƘƛǊŘ ŀƴŘ άŦŀǊ ƳƻǊŜ ƛƳǇƻǊǘŀƴǘέ ǿŀȅ ƻŦ ƳǳƭǘƛǇƭȅƛƴƎ ǿƛǘƴŜǎǎŜǎ ƛǎ ǘƘǊƻǳƎƘ ǿƘŀǘ Shapincalls the 
άƭƛǘŜǊŀǊȅ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ǾƛǊǘǳŀƭ ǿƛǘƴŜǎǎƛƴƎΦέ

ά¢ƘŜ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ǾƛǊǘǳŀƭ ǿƛǘƴŜǎǎƛƴƎ ƛƴǾƻƭǾŜǎ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƛƴ ŀ ǊŜŀŘŜǊϥǎ ƳƛƴŘ ƻŦ ǎǳŎƘ ŀƴ ƛƳŀƎŜ ƻŦ 
an experimental scene as obviates the necessity for either its direct witness or its replication. 
Through virtual witnessing the multiplication of witnesses could be in principle unlimited. It was 
ǘƘŜǊŜŦƻǊŜ ǘƘŜ Ƴƻǎǘ ǇƻǿŜǊŦǳƭ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ŎƻƴǎǘƛǘǳǘƛƴƎ ƳŀǘǘŜǊǎ ƻŦ ŦŀŎǘΦ Χ²Ƙŀǘ ǿŀǎ ǊŜǉǳƛǊŜŘ ǿŀǎ ŀ 
ǘŜŎƘƴƻƭƻƎȅ ƻŦ ǘǊǳǎǘ ŀƴŘ ŀǎǎǳǊŀƴŎŜ ǘƘŀǘ ǘƘŜ ǘƘƛƴƎǎ ƘŀŘ ōŜŜƴ ŘƻƴŜ ŀƴŘ ŘƻƴŜ ƛƴ ǘƘŜ ǿŀȅ ŎƭŀƛƳŜŘΦέ 
(Shapin, Pump & Circumstance)

ShapinƘŜǊŜ ƛǎ ǊŜŦŜǊǊƛƴƎ ǘƻ ǘƘŜ ǿǊƛǘǘŜƴ ŀŎŎƻǳƴǘǎ ƻŦ .ƻȅƭŜΩǎ ŜȄǇŜǊƛƳŜƴǘǎ ǘƘŀǘ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎƻƴǾƛƴŎŜ 
even larger numbers of witnesses that the experiments had been done and produced certain 
results. In other words, through the use of words and pictures it would be possible to create a 
matter of fact, even among those who had not directly seen or replicated the experiment.

LΩƳ ƎƻƛƴƎ ǘƻ ǳǎƛƴƎ {ƘŀǇƛƴΩǎƛŘŜŀ ƻŦ ǿƛǘƴŜǎǎƛƴƎ ƛƴ ǎŎƛŜƴŎŜ ǘƻ ŦǊŀƳŜ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǿƘŀǘΩǎ ƘŀǇǇŜƴƛƴƎ 
with databases in metagenomics. In particular, I want to focus your attention on that last 
sentenceτthe technology of trust and assurance. Keep that in mind as we go forward.

¢ƘŜ ǿƻǊƪ LΩƳ ƎƻƛƴƎ ǘƻ ōŜ ǘŀƭƪƛƴƎ ŀōƻǳǘ ǘƻŘŀȅ ŎƻƳŜǎ ŦǊƻƳ ŀ ǎǘǳŘȅ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 
cyberinfrastructure for metagenomics research. Cyberinfrastructure is a specific class of 
infrastructure that that brings together people, information, and technologies to support research. 
Work in this area is also sometimes called collaboratories, virtual science, or e-science. In particular, 
ǿŜΩǊŜ ǎǘǳŘȅƛƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŦƻǊ ƳŜǘŀƎŜƴƻƳƛŎ Řŀǘŀ ǎǘƻǊŀƎŜΣ ǎƘŀǊƛƴƎ ŀƴŘ 
analysis.

Before I go any farther, I want to tell you a bit about metagenomics, or as it is sometimes called, 
ǇƻǇǳƭŀǘƛƻƴ ƎŜƴƻƳƛŎǎΦ LΩƳ ƎǳŜǎǎƛƴƎ ŀǘ ƭŜŀǎǘ ǎƻƳŜƻƴŜ ƛƴ ǘƘŜ ǊƻƻƳ ƘŀǎƴΩǘ ƘŜŀǊŘ ŀōƻǳǘ ƛǘ ōŜŦƻǊŜ ǘƻŘŀȅΦ 
LΩƭƭ ǎƘŀǊŜ ǘƘŜ ƻǊƛƎƛƴ ǎǘƻǊȅ L ƻŦǘŜƴ ƘŜŀǊ ŦǊƻƳ ƻǳǊ ƛƴŦƻǊƳŀƴǘǎ ǿƘŜƴ ǘƘŜȅ ŘŜǎŎǊƛōŜ ƳŜǘŀƎŜƴƻƳƛŎǎΦ 
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This slide shows a story that we hear from our informants about the origins of 
metagenomics. The story basically says that genetics came first, and genetics focuses on 
genes, or functional segments of DNA. As technologies improved, genomics allowed 
scientists to look at the entire DNA of an organism. Organisms could be compared, 
scientists could look at how genes interacted, etc. Then, more recently, metagenomics 
ŎŀƳŜ ŀƭƻƴƎΦ aŜǘŀƎŜƴƻƳƛŎǎ ƎƻŜǎ ǘƻ ǘƘŜ ƴŜȄǘ άƭƻƎƛŎŀƭέ ǎǘŜǇ ōȅ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜ ƎŜƴŜǘƛŎ 
material of entire populations of microorganisms. So that we can ask about the diversity of 
organisms, or the prevalence of certain kinds of genetic functions within a population.

Obviously there are interesting things to talk about just in this version of scientific history, 
but the basic idea is that this is an extension of techniques from genetics and genomics. 
And as a result of this, a lot of the things that I say today may apply as well to genetics and 
ƎŜƴƻƳƛŎǎΦ .ǳǘ Ƴȅ ƻǿƴ Řŀǘŀ ŀƴŘ ǊŜǎŜŀǊŎƘ ŀǊŜ ƛƴ ǘƘŜ ŦƛŜƭŘ ƻŦ ƳŜǘŀƎŜƴƻƳƛŎǎΣ ǎƻ LΩƭƭ ōŜ 
ƭƛƳƛǘƛƴƎ Ƴȅ ŎƻƳƳŜƴǘǎ ǘƻ ǿƘŀǘΩǎ ƘŀǇǇŜƴƛƴƎ ƛƴ ǘƘƛǎ ƴŜǿ ŦƛŜƭŘΦ

The term metagenomics is quite new ςit was coined in 1998, and a 2007 National 
wŜǎŜŀǊŎƘ /ƻǳƴŎƛƭ ǊŜǇƻǊǘ ŎŀƭƭŜŘ ƛǘ ŀ άƴŜǿ ǎŎƛŜƴŎŜΦέ ¢ƘǊŜŜ ƪŜȅ ŦŀŎǘƻǊǎ ŀǊŜ ƻŦǘŜƴ ŎƛǘŜŘ ŀǎ 
crucial for the development of metagenomics. First, new laboratory methods make it 
possible to do DNA sequencing without first having to culture organisms in the laboratory. 
Second, high-throughput DNA sequencing has dramatically lowered the cost of sequencing.  
Third, high-performance computing allows scientists to store, manipulate and analyze the 
huge amount of data that is being produced.

But let me tell you about a specific metagenomic study, the Global Ocean Survey. 
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