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Quarterly Report for the period 1 Jul 02 - 30 Sep 02

1.  The recipient shall submit quarterly reports on or about the 15th of January, April, July, and October.  One copy each shall be provided to the following persons as listed in Article 5, Administrative Responsibilities. 

The July report, Project Summary Report, shall provide a project summary and shall, in addition to the distribution shown below, be posted to a web site to be designated by DARPA.

(a)  Air Force Research Laboratory (or Navy) Program Manager 

     (electronic only;  MS Office-compatible)

(b)  Grants Administration Office.

(c)  Air Force Research Laboratory (or Navy) Grants Administrator (or the AFRL

      Grants Officer, if no AFRL Grants Administrator is listed in Article 5)

(d)  DARPA Program Manager(electronic only;  MS Office-compatible)"

The report will have two major sections; the Technical Status Report and the

Business Status Report (see (a) and (b), below, respectively).

(a)  Technical Status Report.  The technical status report

will detail technical progress to date and report on all problems, technical

issues, or major developments during the reporting period.  Each of the

topics described below shall be addressed:

(i)  A comparison of actual accomplishments with the

goals and objectives established for the period, the findings of the

investigator, or both.  

Milestones from the 22-Aug-2001 goals are discussed below.

"2#4: An early milestone in the highest speed & resolution method proposed here will be the incorporation of a fluorescent nucleotide triphosphate by T7 RNA polymerase under control of a caged ATP or GTP. (Dr. Mitra)

"3#1: The construction of three-dimensional arrays of DNAs and polymerases will initially build on our "polony" technology [*Mitra 1999]. A method for fluorescent in situ sequencing in such 3D polyacrylamide arrays will be developed using chemically cleavable dNTPs. (Dr. Mitra)

As mentioned in the Apr 02 report, the lower costs, higher density, and more likely progress of the single bp memory (2#4, 3#1-3) over recombinational methods continue to guide our prioritization of the the former as project goals.  We have made considerable progress on the polony read-out methods for DNA haplotypes (in submission to PNAS), RNA splicing, and DNA sequencing.  Software for image analysis of the polony sequences capable of individual pixel sequencing shows accurate alignment over 10 cycles of dNTP addition to 0.4 pixel precision.

3#2: Photocleavable versions of the above will be tested. (Dr. Mitra)

The photocleavable versions have not yet proven superior to the redox cleavable bonds.

3#3: A microfluidic synthesis of a microarray of over 3000 oligomers (30-mers) will be synthesized using a micromirror array "(collaboratively with Dr. Gao's lab).

Jay Shendure has such an array and is testing it. This includes a test of a way to make PCR primer pairs.

"4#1: For the minigenome project, important demonstrations will be the replication dependent in vitro translation of GFP or luciferase using crude  E.coli lysates."

We (Dr. Tian) have demonstrated this for a poly-GFP construct and tested expression clones for ribosomal 30S proteins(in collaboration with Gloria Culver) including now one his6-affinity tagged protein (S15) and one drug-resistance (spc) tagged rRNA.

"5#3: Software for inclusion of microscopic morphology, dynamics, and stochastics will be developed. "

This has now been done by Wright, Church, Segre and Aach for four different DNA replication scenarios: 3D Mycoplasma chromosome, 4D replication, Hyperbranched Rolling Circle Amplification (HRCA), and immobilized PCR-colony (Polony) models.

We are approaching completion of genome sequencing of the genome of Mycoplasma mobile and a nearly complete proteome for M. pneumoniae.  Both very helpful for integration and 4D-modeling efforts.

"5#1: The computational deliverables will be coordinated with other DARPA BIO-COMP participants. "  

We have extended FBA to analyse close-to-optimal networks as might occur in mutants.  This extension, MOMA is accepted for publication  (Segre & Vitkup)

(ii)  Reasons why established goals were not met, if appropriate.

The goals were met.  New goals have been added relevant to the BioSpice team efforts. We will henceforth refer to these as 5#1a addressing the major limitations of SBML 2 relative to polymer synthesis and space-time considerations as seen in our 4D-cell model.  5#1b Making our MOMA package compatible with BioSpice 2.1 (we have recently begun incorporation of an open-source object-oriented quadratic programming package into MOMA).

(iii)  A cumulative chronological list of written publications in technical journals.  Include those in press as well as manuscripts in preparation and planned for later submission.  Indicate likely journals, authors, and titles.

Mitra, RD, Butty, V, Shendure, J, Williams, BR, Housman, DE, and Church, GM (2002) Digital Genotyping and Haplotyping with Polymerase Colonies. (in submission to PNAS)

Jaffe JD, Berg, HC, Church GM (2002) Proteogenomic mapping reveals genomic structure and novel proteins undetected by computational algorithms. Submitted 30-Jun-2002 to Nature Biotechnology. 

Segre, D, Vitkup, D, and Church, GM (2002) Analysis of optimality in natural and perturbed metabolic networks. Submitted 10-Jun-2002 to PNAS. 

Douglas W. Selinger, Rini Mukherjee Saxena, Kevin J. Cheung, George M. Church, and Carsten Rosenow (2002) Global RNA half-life analysis in Escherichia coli reveals positional patterns of transcript degradation. Submitted 5-Jun-2002 to Genome Research. 

Sudarsanam,P., Pilpel,Y, and Church, G.M. (2002) Genome-wide co-occurrence of promoter elements reveals a cis-regulatory cassette of rRNA transcription motifs in S. cerevisiae . Revised 31-Aug-2002 to Genome Research. 

Cheung, KJ, Badarinarayana,V, Selinger, D, Janse, D, and Church, GM (2002)A microarray-based antibiotic screen identifies a regulatory role for supercoiling in the osmotic stress response of Escherichia coli. Submitted 7-May-2002 to Genome Research. 

Steffen, M, Petti, A, D'haeseleer, P, Aach,J, and Church, GM (2002) Computational Identification of Signal Transduction Networks. Submitted 26-Aug-2002 to BMC Bioinformatics. 

Wright, M and Church,GM (2002) An Open-source Oligonucleotide Microarray Probe Standard for Human and Mouse. Submitted to Nature Biotechnology. 

Shendure, J & Church, GM (2002) Computational discovery of sense-antisense transcription in the mouse and human genomes Genome Biology 3:1-14.

Schilling, CH, Covert, MW, Famili, I, Church, GM, Edwards, JS, Palsson, BO (2002) Genome-scale metabolic model of Helicobacter pylori 26695. J Bacteriol. 2002 Aug;184(16):4582-93. 

Dudley, AM, Aach, J, Steffen, MA, and Church, GM (2002) Measuring absolute expression with microarrays using a calibrated reference sample and an extended signal intensity range. Proc. Nat. Acad. Sci. USA 99:7554-7559. 

Lee M-LT, Bulyk ML, Whitmore GA, Church GM. A statistical model for investigating binding probabilities of DNA nucleotide sequences using microarrays. Biometrics 2002 in press. 

(iv)  A list of professional personnel associated

with the research effort.  List any advanced degrees awarded, including

dates, recipient, type of degree, and thesis title.

Professional Personnel

George Church
Ph.D. Harvard University, Cambridge, MA 1984 Biochem. & Molecular Biology, B.A. Duke University, Durham, NC 1974 Zoology & Chem

John Aach
09/1980-01/1987: Boston University, Boston, MA. PhD Interdisciplinary Studies: Philosophy and Psychology 09/1972-06/1975: Princeton University, Princeton, NJ.

AB Music

Allegra Petti
B.A. Biology, cum laude, Rice University, May 1998

Research topic:  Inference of transcriptional regulatory networks from

microarray data using nonlinear mathematical models.

Nikos Reppas
  MBiochem. (combination of BA and MA) from Oxford

University received June 1998. The MA thesis title is "X-ray

Crystallographic Analysis of the Aspartate181->Alanine Substrate-Trapping

Mutant of Human Protein Tyrosine Phosphatase 1B (PTP1B) Catalytic Domain".

Rob Mitra

PHD - MIT 2000, MS - MIT 1993, BS - MIT 1993

Research Topic - High Throughput Sequencing Technology

Xiaohua Huang
  Ph.D. in Biophysical Chemistry (September, 1996), Stanford University  B.S.  in Chemistry (July, 1986), Zhongshan University, Guangzhou, China

Daniel Segre
2000 : Ph.D. in Life Sciences, Department of Molecular Genetics, The Weizmann Institute of Science, Rehovot, Israel. Advisor: Prof. Doron Lancet. Title: The primordial emergence of compositional inheritance.

(v)  Papers presented at meetings, conferences, seminars, etc.

July 7-12, 2002 Vienna 14th International Organization for Mycoplasmology (IOM) Congress (Jake Jaffe) 

July 23, 2002 Sequencing and resequencing the biome. Pooks Hill Bethesda Marriott (George Church) 

July 26, 2002 Fri at 9:00 AM Humboldt Univ. & Boston Univ. Bioinformatics workshop in Boston. Keynote: "Biosystems Measures and Models of Reproductive Fitness" (George Church) 

July 28-Aug2 GRC Genomics & Structural/Evolutionary Bioinformatics Mount Holyoke (Dennis Vitkup) 

July 30-Aug 4 Yeast meeting 2002 Madison, WI (Aimee Dudley) 

Aug3-6 ISMB-02 & SIGSIM-02 Edmonton (Matt Wright) 

Sept 4, 2002 Serono (George Church). 

Sept 13, 2002 DNA Microarrays in Biology and Medicine Lausanne, Switzerland (Doug Selinger) 

(vi)  Consultative and advisory functions to other laboratories and agencies, especially Air Force and other DoD laboratories on research supported under the agreement.  Provide factual information about the subject matter, institutions, dates, and the names of individuals involved.

We have helped transfer the polony technology to another DARPA funded laboratory at the Univ. of Delaware (Directed by Jeremy Edwards) where they have greatly extended the technology toward precise RNA quantitation in yeast.

(vii)  New discoveries, inventions, or patent disclosures and specific applications stemming from the research effort.

We filed a patent recently on polony haplotyping with Nevin Summers and Rob Mitra.

