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REVIEW COMMITTEE QUESTIONS FOR CEGS APPLICANTS

Answers from the MGIC team in blue below.

1.
Research Plan: 

a. Would you provide the technical details for performing different PCR reactions in which the experiments depend on different starting material, for example, the exact conditions for amplifying large inserts from BACS (long range PCR)?

We did not propose "long range PCR" for BAC inserts. On page 90 we propose to try PCR up to 10 kbp. Instead we propose several options for obtaining long range sequence connectivity (specific aim 3) including in-gel or in-emulsion rolling circle amplification (SpeciPhi), jumping clone libraries, and multiple amplifications from single molecules (MASMO).  For BACs on page 89 we propose to use the SpeciPhi protocol. Unlike PCR this has been shown to produce 150kbp products.  To date, the largest product that we have amplified using Taq polymerase and standard PCR polony protocol is 4 kbp.  We have not yet attempted larger amplicons.  For longer products, we will use mixtures of processive and proofreading polymerases (e.g. Pfu and Taq) or commercially available PCR mixes such as Stratagene’s PfuTurbo kit (which uses a single enzyme but is able to amplify long products through the use of unspecified PCR “enhancers”).  
For most applications described in the grant, long range PCR is not necessary (specific aims 1, 2, much of 3, and 4).  For example, in specific aim 1 (polony sequencing), our libraries are made from genomic DNA using the protocol published in [Sin97].  Libraries for mRNA quantitation are constructed in an analogous fashion or by adopting SAGE or LongSAGE techniques without concatemerization of tags [Vel95][Sah02].  These libraries are then amplified using polony PCR or emulsion PCR as previously described [Mit03b][Dre03].  Using beads greatly reduces the need for longer amplicons as a means of decreasing polony size.  Probably the longest amplicons that we need for specific aims 1 and 2 are about 1 kbp for assessing complex RNA splice forms; technical details are in our August ’03 Science paper (located in our CEGS CD under [Zhu03]).  
b. Can you provide additional information/data relating to the technical feasibility of attaining increased read lengths?

The initial barrier to attaining long reads was gel detachment and fragility.  We have solved this problem by making several simple adjustments to our protocols.  First, we have lowered the pH of the reducing solution (from 9.2 to 8.0)  that is used to cleave the Cy5-SS-dNTPs.  This prevents etching of the glass surface.  Second, we have begun including a gel-strenthening reagent (Rhinohide, Molecular Probes).  Finally, we have also adjusted our sequencing protocol so that shearing force on the gel is greatly reduced.  As described in our CEGS update, we have recently begun sequencing on polystyrene beads trapped in an acrylamide layer.  This approach provides high signal to noise and small features (0.5-8 microns).  Upon implementing these changes and other adjustments to the protocol, we have doubled our maximum read-length from 8 bases (last update)  to 16 bases now (with accuracy of  90 to 99.3% depending on intensity cutoff).  Although we believe that longer reads and higher accuracy will come with further optimization, we emphasize that many of our applications require relatively short read-lengths (e.g. as discussed in specific aim 2, “compressed tag” read-lengths beyond 25-30 bp provide diminishing returns with respect to uniqueness in mammalian genomes). 
Also since our Sep 16 CEGS update, it has become evident to our new collaborators at Genovoxx that variations on the class of cleavable disulfide dNTPs that we have used for FISSEQ can be made into efficient reversible chain terminators.  We are working closely with them to determine the features which maximize and minimize this termination phenomena.  Maximal termination will help us read homopolymer runs and minimal termination may allow longer reads.
c. Can you provide performance statistics that give an indication of the robustness of the process?

This is a technology-in-progress, so we are constantly trying variations on established protocols (which often work and often do not work).  However, the set of established protocols are highly robust in their reproducibility on a day-to-day basis (>95%), both in obtaining results and in quantitation of those results.  For example, many of the experiments performed in [Zhu03] were performed in triplicate or quadruplicate, and statistical comparisons of splicing isoform quantitation between replicates (e.g. a series of slides with polonies derived from independent cDNA samples of the same cell-line) show that variations due to the polony technique are negligible relative to best-case biological variation.
d. What is the cycle time for the process?

In our current protocol and with minimal automation, the cycle-time for non-data-acquisition steps is approximately 35 minutes per cycle.  We anticipate that further automation and optimization will reduce this to 20 minutes per cycle.  Cleavage of the fluorescent dye is currently the rate-limiting step.  We are currently not using a motorized XY stage, but 1 second exposures are sufficient to capture 1600x1200 images at relatively low bead-densities (5,000 beads per frame).  With implementation of a motorized stage and upgrade of our camera to increase sensitivity, we anticipate that a gel covering a full-slide (4000 frames with 10x objective) can be captured in approximately 30 minutes (an effective rate of 32 million bases per hour).  Further improvements are feasible by increasing bead density (up to 500,000 per frame).
2. Management & Organization: 

a. The center includes senior investigators at three institutions and involves the development of wide-ranging technologies.   Would you provide additional details of the governance structure and process by which decisions, e.g. changes in scientific emphasis and reallocation of budgets between the groups, will be made?  

Based on our experience as part of the early MIT and GTC Genome Centers and our current DOE GtL center, we decided that changes in scientific emphasis which involve less than $20K/year will be made by the individual PIs generally accompanied by a phone call or email update to the center director.  Changes larger than that (and reallocation of budgets between groups) will be based on consensus of all 4 PIs.  If this is not achieved then a majority vote of the PIs plus the Advisory Board (page 123 of our June 1 proposal) will decide.

b. Comment on your plans for communication between the sites that you feel will ensure close coordination of the Center's efforts.

We try to maintain twice weekly lab meetings, frequent phone and/or video conference calls (as mentioned on p. 122 of the June 1 proposal). A good example is the rapid progress on the beads as documented in our Sep 16 update, which required then (and ongoing) input from the Edwards, Vogelstein, Mitra, and Church labs in 4 separate cities.  We would love to all be in one place, but for this topic not all of the expertise is available in one city.  The amazing nature of the project itself (and hopefully grant funding) are very powerful positive forces.
3. Data & Material Dissemination:

a. On page 133 you describe your plans for "software and protocol sharing".  To what extent have your collaborators been able to simply download software from the web site and use it, versus needing your help?  

The software tools that we have developed to date for polonies are early-stage open-source algorithms that we applied to our published data.  Consequently, individuals (both within and outside of the Center labs) attempting to use the software have generally needed assistance of the author(s).  One of the major goals of this grant (specific aim 5) is to assign additional personnel to this task such that we push beyond the current level to user-friendly “off-the-shelf” tools for image manipulation and analysis.  We have about 12 previous examples of fairly straightforward software sharing, e.g. AlignACE, masliner, ProbeSelect, ExpressDB, srnaloop, GAPS, and MoMA (and see below).
b. To what extent do you anticipate that a wider user community will need assistance from you in taking advantage of your open source model, and to what extent are you able to help them?

George Church has participated in this sort of software sharing by magnetic-tape from 1975-1982, by ftp since 1987, and by http since 1994.  We are also currently active participants is some very-large-scale software sharing projects, SBML and BioSpice [Seg03]. Typically the first few users need some personal help and then we update the software plus associated files and the distribution becomes much easier (at least until the next major software release).  We feel that we have adequate resources in the Lipper Center for Computational Genetics to handle such variation in user needs independent of and including the CEGS MGIC project.  

With respect to experimental protocols, individuals from over 10 labs have already visited one of the MGIC labs or have been assisted over e-mail/phone in beginning experiments involving MGIC-related technologies.  We also have a growing user group capable of support via our polony web discussion forum (http://www.genetics.wustl.edu/polonies/).  Finally, if polonies and our software become “too successful”, then we will enlist the help of a commercial software support team.

REFERENCES
[Dre03] 
Dressman D, Yan H, Traverso G, Kinzler KW, Vogelstein B. (2003) Transforming single DNA molecules into fluorescent magnetic particles for detection and enumeration of genetic variations.  Proc Natl Acad Sci U S A. 100(15):8817-22.

[Mit03B] Mitra RD, Shendure J, Olejnik J, Edyta-Krzymanska-Olejnik, Church GM. (2003) Fluorescent in situ sequencing on polymerase colonies.  Anal Biochem. 320(1):55-65
[Sah02] 
Saha S, Sparks AB, Rago C, Akmaev V, Wang CJ, Vogelstein B, Kinzler KW, and Velculescu VE.  (2002) Using the transcriptome to annotate the genome. Nat Biotechnol. 20:508-12.

[Seg03] 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. (Biospice special issue)

[Sin97] 
Singer, BS. Shtatland, D. Brown and L. Gold (1997) Libraries for genomic SELEX, Nucleic Acids Res. 25 : 781-6.
[Vel95] 
Velculescu, V.E., et al., (1995) Serial analysis of gene expression. Science 270:484-7.

[Zhu03]

Zhu J, Shendure J, Mitra RD, Church GM. (2003) Single molecule profiling of alternative pre-mRNA splicing. Science 301(5634):836-8. 

