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Quarterly Report for the period 1 Jul 03 - 31 Sep 03

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.

1 DNA memory:

This objective has taken a large step forward including a fusion and reorganization of goals 2, 3 & 4. The micromirror goal is now placed the under Input (goal 2) and is demonstrated via construction of the minigenome (goal 4).  

2 A/D Input:  in vitro light (micromirrors)

Jingdong Tian and Hui Gong in collaboration with Lian Gao and Nijing Sheng (visiting from Univ. Houston) have made arrays with 4000 70-mers critical for  syntheses and analyses need in goal 4 below.  The light response is via photogenerated acids (PGA, previous work from the Gao lab).  We anticipate that these methods are generalizable to a variety of 2D, 3D and encoded synthetic projects including some requiring integration of microfludics and photo-patterned arrays.

3 D/A Output: polonies:

We (Jay Shendure, Greg Porreca) have extended the polony protocol to include 1 micron particles, hence improving our packing density by about 10,000-fold.  Our automated software for image alignment and sequence-base-calling is demonstrated to be compatible with these ultra-high-resolution polonies with about 1 to 4 pixels per polony.  In collaboration with Rob Mitra we are observing fairly straightforward self-assembly of these particles at densities of about 2 billion per glass slide.  These are huge breakthroughs and the next milestone will be combining and testing the software with these packed arrays.

4. In vitro minigenome:

We (Dr. Tian) have shown that the multi-his-tag Western blots are a reliable assay.  Hence, the minigenome genes have been moved into his-tagged "in vitro" linear-vectors.  We now have synthesized tagged and untagged forms for all 23 genes of the 30S-ribosomal subunit.  From these we have synthesized all of the RNAs in vitro and most of the proteins.  The low levels of protein synthesis observed for a few of these normally very abundant proteins is rapidly revealing key design criteria for codon usage and secondary structure of the mRNAs.  We hence have developed software for general gene and genome design tools that takes these observations into account.  

We have also developed a new method for large scale synthesis of genes or genomes which has the potential of being 100-fold less expensive.  This has been successfully tested by synthesizing two full-length genes from the minigenome (rs3 & rs5) from a mixture of 512 chemically synthesized 70mers.  A report of invention has been filed with HMS-OTL. This is a major milestone for this project supplement.  We have been joined by Hui Gong (for the oligo design), Nijing Sheng (gene assembly expert, Research Asst. Prof. from the Univ. of Houston)  and a Harvard undergraduate, and CS-graduate student.  So this project is likely to continue to progress capturing this recent momentum.

5. Computational:

Our work on close-to-optimal networks as might occur in mutants,  "Minimization of Metabolic Adjustment" (MoMA) has been extended to allow automated access to new genomes  (Segre & Vitkup assisted by Jeremy Zucker, Tamar Mentzel, and Jeremy Katz)  requiring only KEGG or Genbank annotations as staring points.

Jeremy Zucker has generated SBML models from BioCyc version 7.5 for the following 14 organisms:

Agrobacterium-tumefaciens.xml

Bacillus-subtilis.xml

Caulobacter-crescentus.xml

Chlamydia-trachomatis.xml

Escherichia-coli.xml

Haemophilus-influenza.xml

Helicobacter-pylori.xml

Mycobacterium-tuberculosis-CDC1551.xml

Mycobacterium-tuberculosis-H37Rv.xml

Mycoplasma-pneumoniae.xml

Pseudomonas-aeruginosa.xml

Saccharomyces-cerevisiae.xml

Treponema-pallidum.xml

Vibrio-cholerae.xml

Plus, a program called biocyc2sbml.lisp which can take any organism in a Pathway/Genome database and generate the corresponding SBML

model.  The URL to download these models is http://genome.dfci.harvard.edu/~zucker/BPHYS/sbml.zip

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

The goals have been considerably reconfigured since the start of the grant due to discoveries, inventions and BioSpice.  New goals have been added relevant to the BioSpice team efforts (henceforth 5#1a & 5#1b).  5#1a addresses two major limitations of SBML2 which are polymer synthesis and space-time considerations as seen in our 4D-cell model.  5#1b Making our MOMA package compatible with BioSpice 2.1 and 3.0 (we have completed 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.

Aach JA, Church GM. (2003) Mathematical models of diffusion-constrained polymerase chain reactions: basis of high-throughput nucleic acid assays and simple self-organizing systems. Submitted to J Theor. Biol. 

Segre, D, Zucker, J, Katz, J, Lin, X, D'haeseleer, P, Rindone, W, Karchenko, P, Nguyen, D, Wright, M, and Church, GM (2003) From annotated genomes to metabolic flux models and kinetic parameter fitting. Omics 7:301-16. 

Zhu,J, Shendure,J, Mitra, RD, Church, GM (2003) Single Molecule Profiling of Alternative Pre-mRNA Splicing. Science. 2003 Aug 8;301(5634):836-8. 

Steffen, M, Jaffe, JD, & Church, GM (2003) Analysis of DNA-Binding Proteins by Mass Spectrometry. Submitted. 

King, OD, Lee, JC, Dudley, AM, Janse, DM, Church, GM, Roth, FP (2003) Predicting Phenotype from Patterns of Annotation. ISMB 2003; Bioinformatics. 2003 Jul;19 Suppl 1:I183-I189. 

Grad Y, Kim J, Aach J, Hayes G, Reinhart B, Church GM, Ruvkun G. (2003) Computational and Experimental Identification of C. elegans microRNAs Molecular Cell. May;11(5):1253-63.

Merritt, J, DiTonno, JR, Mitra, RD, Church, GM, Edwards, JS (2003) Functional characterization of mutant yeast PGK1 within the context of the whole cell. Nucleic Acids Research 2003 Aug 1;31(15):e84.  

Mitra,RD, Shendure,J, Olejnik,J, Olejnik,EK, and Church,GM (2003) Fluorescent in situ Sequencing on Polymerase Colonies. Analyt. Biochem. 320:55-65.

Mitra, RD, Butty, V, Shendure, J, Williams, BR, Housman, DE, and Church, GM (2003) Digital Genotyping and Haplotyping with Polymerase Colonies. Proc Natl Acad Sci USA. May 13;100(10):5926-31. 

Jaffe JD, Berg, HC, Church GM (2003) Proteogenomic mapping reveals genomic structure and novel proteins undetected by computational algorithms. Proteomics in press 

Lee M-LT, Bulyk ML, Whitmore GA, Church GM. (2003) A statistical model for investigating binding probabilities of DNA nucleotide sequences using microarrays. Biometrics 58(4):981-8.  

Segre, D, Vitkup, D, and Church, GM (2002) Analysis of optimality in natural and perturbed metabolic networks.  PNAS 99: 15112-7

Douglas W. Selinger, Rini Mukherjee Saxena, Kevin J. Cheung, George M. Church, and Carsten Rosenow (2003) Global RNA half-life analysis in Escherichia coli reveals positional patterns of transcript degradation. Genome Research  Feb;13(2):216-23. 

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 . Genome Research 12: 1723-1731.

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. Genome Research  12: 1723-1731 

Steffen, M, Petti, A, D'haeseleer, P, Aach,J, and Church, GM (2002) Computational Identification of Signal Transduction Networks. Bioinformatics 3:23. 

Wright, M and Church,GM (2002) An Open-source Oligonucleotide Microarray Probe Standard for Human and Mouse. Nature Biotechnology 20(11):1082-3. 

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. 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. 

(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  (now a collaborating Asst. Prof at Washington Univ.)

Jay Shendure  MD/PhD candidate in Harvard BBS program.

Research topic: Polony sequencing 

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.

Wayne Rindone PhD 1976 University of Wisconsin, Madison, WI in Bacteriology (minor in Computer Sciences).
(v)  Papers presented at meetings, conferences, seminars, etc.

May 18-22, 2003. American Society for Microbiology (ASM) Colloquium 215 on Systems Microbiology. Washington DC convention center.   4D and Optimality Models of Replicative Fitness (George Church)

Sep 16-19, 2003.Third Virtual Conference on Genomics and Bioinformatics, Access Grid locations (George Church)

(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 discussed possible application of our metabolic process optimization strategies to army projects with Jay Valdes of the US Army Soldier and Biological Chemical Command (SBCCOM) 9-Apr-2003.  We have relayed some this information to our corporate collaborators (BeyondGenomics and Genomatica).

We have continued support of our polony technology at 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.  We now have web support (http://arep.med.harvard.edu/Polonator/) and 21 registered members of the Polony user-group forum. Other distribution sites in progress include Washington University, directed by Rob Mitra and at TCAG/TIGR directed by Craig Venter in Bethesda, MD, and Eric Lander and Martin Polz at MIT.  

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

We (Greg Porreca, George Church and Jay Shendure) continue to develop devices to automatically perform the polony sequencing incubations and wash steps.  These have been refined for manufacturability in collaboration with Jim Horn, HMS. 

The same researchers have filed a report of invention on the extension of polonies to the one micron scale mentioned above.

