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Description: This project was to develop new DNA sequencing and RNA and protein quantitation
methods and related genome annotation tools.

The project began in 1987 with the development of multiplex sequencing (published in Science in
1988), and one of the first automated sequencing methods. Thislead to the first commercial
genome sequence in 1994 and to the establishment of the main commercial participants (GTC then
Agencourt) in the public DOE/NIH genome project. In collaboration with GTC we contributed to
one of the first complete DOE genome sequences, in 1997, that of Methanobacterium
thermoautotropicum), a species of great relevance to energy-rich gas production.

With key publicationsin 1990 & 1997, we helped pioneer the nascent field of proteomics (the term
was coined in 1994) with multidimensional separations, Edman N-terminal sequencing and later
mass-spectrometry. Thiswork is ongoing with recent huge improvements in sensitivity and
productivity. Augmenting the proteomics we developed some of the first approaches for using
microarrays for RNA quantitation and DNA motif discovery. This has evolved into methods for
integrating awide-variety of functional genomics data including the concerted action of multiple
motifs. These avalanches of genomically inspired hypotheses motivate methods for enhanced
testing via semi-synthetic genomes. We pioneer this approach via array-based synthesis of
oligonucleotides in 1992 and steps toward automated homologous recombination in 1997. Our
recombination system has been shipped to over 1000 laboratories. These activities have al
continued to improve by powers of ten to the present day. For example, our proteomics has
improved from 2 peptides per day (arecord inits day) to 10,000 per day; our DNA syntheses from
96 per day to 380,000; our DNA sequencing reactions from 24 per 1000 sg.cm to billionsin the
same space (see below)

This grant culminated in 2003 with the development of a new sequencing method, called
"polymerase colony fluorescent in situ sequencing” (or polony FISSeq for short). It shares
significant features reminiscent of the original multiplexing developed at the start of this grant 16
years earlier. These features include the simultaneous processing of reactionsin large pools, the
cycling of arrays of immobilized DNA molecules through multiple enzyme-linked steps and
washes, and the precise alignment of information-rich images for each cycle. Polonies are being
used for precise analysis of human genome haplotyping, RNA splicing, RNA quantiation, and
human & microbial DNA sequencing.

This DOE-HGP project transitioned smoothly into a DOE GTL Center focusing on Proteomics,

RNA regulation, ecological communities, and computational modeling all in the context of ocean
energy metabolism and key generaincluding Prochlorococcus, Geobacter, & Pseudomonas.
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