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Questions for MSM PI’s

PI Name: James A. Glazier, Co-PIs: Mark Alber, Santiago Schnell, Charles Little
PI Project Title: Multiscale Studies of Segmentation in Vertebrate Embryos
1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?

2. What challenges did you experience?

3. What unexpected outcomes did you encounter?

4. What are the major advances that have occurred in your field this year?

5. How successful were your proposed tools, and did you adopt new tools?

6. Please share your individual experiences of collaborating with the broader community.

7. Please highlight your plans for year 2.

8. What is your primary MSM Working Group?
9. Please comment on your MSM Working Group(s), and what needs to be improved?

10. How do you foresee logical linking of models with others in the MSM?

11. Are you writing grants?

12. Are you finding new collaborations?

13. Relevant Publications?

Answers

Q1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?
James Glazier and Santiago Schnell:
During the first year we have advance our work on modeling somitogenesis. Wendy Zhang from Biocomplexity Institute has developed a GGH based model that is used to simulate somite formation and segmentation. In her model she has assumed that somite formation and segmentation is driven by how cadherin expressions translate into differential adhesivity between cells. Her model was able to capture most important aspects of somite segmentation and is in a qualitative agreement with experimental data. The entire modeling was done using CompuCell3D – an environment for simulating morphogenesis. We are currently preparing a publication based on this result. 

The Schnell group has already submitted a theoretical paper where he discusses whether the minimization of tissue surface tension drives the somite sculpting process.  Those two publications complement each other.  Prof Glazier group focused on understanding the forces which causes the separation of the forming somite from the pre-somitic mesoderm, while Prof Schnell group focused in the forces involved in the rounding of the separated somite.

In addition, the Schnell group has focused in the development of finite elements models to understand the formation of gradients during somite formation.  During the somitogenesis, the segmentation clock indicates when somites are formed, while an FGF8 morphogen gradient indicates where somites are formed along the PSM.  The Schnell group also analyzed a novel flow-distributed oscillator mechanism of wave pattern formation to the problem of somite formation.  This work has lead to three publications.

Charles Little:
The Little and Rongish lab at KUMC made substantial progress during the last year. A paper published in PNAS in December established our method of extracting tissue level motion during avian gastrulation and axis formation from cell-autonomous motility. The article, Zamir et al, 2006 was selected as a notable paper by the Faculty of 1000. Briefly we used time-lapse imaging to monitor the motion of the ECM (passive tissue drift) and the total trajectories of fluorescently labeled cells. Using a PIV algorithm devised in the Little/Rongish lab, the tissue level motion was subtracted from the total cell trajectories, the resulting difference being cell-autonomous motion. The results showed that a surprising degree of the “cell migration” in early warm-blooded embryos is actually tissue flow. Indeed there are regions were over 75% of the motion is due to tissue drift. 

We also published a method for precise elecctroporation of DNA plasmids into segmentation-stage avian embryos. The anatomical precision of the electroporation method allows an experimentalist to “tag” cells restricted to the presomitic/somitic mesoderm this allows for very detailed position-fate maps and cell shape changes during segmentation. 

On a different level we set up a time-lapse imaging system at The Stowers Inst for Medical Research, in the lab of Olivier Pourquie. Dr. Pourquie works in the segmentation clock.

Mark Alber: 

1) In the development of multiscale biological models it is crucial to establish a connection between discrete microscopic or mesoscopic stochastic models and macroscopic continuous descriptions based on cellular density. Alber group derived a continuous limit of a two-dimensional Cellular Potts Model (CPM) with excluded volume, describing cells moving in a medium and reacting to each other through both direct contact and chemotaxis. The continuous macroscopic model was obtained as a Fokker-Planck equation describing evolution of the cell probability density function. All coefficients of the general macroscopic model are derived from parameters of the CPM and a very good agreement is demonstrated between CPM Monte Carlo simulations and numerical solution of the macroscopic model. It is also shown that in the absence of contact cell-cell interactions, the obtained model reduces to the classical macroscopic Keller-Segel model. One paper was published on this topic in 2006, one is in press and one was submitted for publication. 

2) Most CPM implementations use a sequential modified Metropolis algorithm which restricts the size of simulations. Alber group in collaboration with James Glazier  developed a parallel CPM algorithm for simulations of morphogenesis, which includes cell-cell adhesion, a cell volume constraint and cell haptotaxis. The algorithm uses appropriate data structures and checkerboard subgrids for parallelization. Communication and updating algorithms synchronize properties of cells simulated on different processor nodes. Tests show that the parallel algorithm has good scalability, permitting large-scale simulations of somite formation (107 or more cells) and broadening the scope of CPM applications. One paper was published in 2006 and another paper is in press.

Q2. What challenges did you experience?
James Glazier and Santiago Schnell:
Most of the challenges in our somite modeling have been avoided by taking advantage of  ready-to-use simulation environment , CompuCell3D, as opposed to coding a model from scratch in a programming language such as C, C++ or Java . The only challenge that we see in the nearest future is that any extension of our model could be impeded by the lack of model sharing protocols. For example if we would like to hook up a segmentation clock model developed by other research groups we will have to write special interfaces to make their models compatible with CompuCell3D. Thanks to recent advances in CompuCell3D this task is now greatly simplified, mainly by the fact that we could script extension modules in Python. However, we feel that adhering to model sharing protocols could eliminate the necessity of developing such “compatibility modules” at all. This is a broader problem in general and is a subject of an ongoing effort to standardize description of cell level-models so that they can be easily exchanged.

Charles Little:
We have a pressing need for a means to house the huge amount of empirical data generated. We now have over 8 terabytes of data. 

Mark Alber: 

Ours was the first effort to obtain a continuous limit of the CPM and parallalelize it.
Q3. What unexpected outcomes did you encounter?
James Glazier and Santiago Schnell:
The biggest surprise to us was how quickly we were able to implement somitogenesis model using CompuCell3D. From research stand point, we continue to appreciate the fact that differential adhesivity between cells is a very powerful mechanism in biological pattern formation. Many, hard to explain pattern formation phenomena, are typically being associated with complicated gene expression mechanisms. In many cases however it turns out that physical properties of cells play a crucial role and pattern formation is a direct consequence of macroscopic physical properties of cells. 
From the biological point of view, we discovered that tissue rearrangement driven by tissue surface tension can completely account for the detachment of forming somite and its subsequent morphological changes to form a somite.  This is contrary to the established view in somitogenesis in developmental biology.  It was believe that the rounding of the somite was only driven by adhesion forces.  The differential adhesion between the two parts of the PSM can qualitatively explain the detachment of the forming somite, provided cross-adhesion is weak. Similarly Eph/ephrin signalling at the boundary of the forming somite leads to detachment of the somite. In both types of molecular mechanisms, the somite can be hypothesized to take its spherical shape due to short-range cell movement processes driven by tissue surface-tension.

Another interesting result from our finite element models of segmentation was the discovery of the existence of Turing patterns outside of the Turing domain.  This is a novel and unexpected result for the pattern formation community.  The flow-distributed oscillator mechanism can give raise to this pattern.  This mechanism have been applied to vertebrate segmentation in general.

Charles Little:
We were surprised by the degree of tissue-based motion in the early embryos. Virtually all embryology texts explain early vertebrate mophogenesis as being driven by “cell migration”; our work paints a markedly different picture of what cells are “really” doing.
Mark Alber:
 We were surprised by the fact that Monte Carlo CPM simulations were really close to the numerical results for the continuous system we derived
Q4. What are the major advances that have occurred in your field this year?

James Glazier and Santiago Schnell:

There are two major advances made in vertebrate segmentation during the last year:

The Palmeirim Group at the University of Minho (Praga, Portugal) has discovered that the segmentation clock also acts in limb development.  This brings into perspective the application of our models to understand further the process of limb development.

The Pourquie Group at The Stowers Institute for Medical Research (Kansas City, Missouri) have discovered a large number of genes and proteins involved the the molecular structure of the clock.  The discovery of these new genes bring challenges in the development of molecular models of the segmentation clock
Charlie Little:
No conceptual breakthroughs occurred; there are recent mathematical models based on molecular details of the repression/activation of the seqmentation clock (e.g., Cinquin O, 2007; Repressor Dimerization in the Zebrafish Somitogenesis Clock. PLoS Comput Biol 3(2): doi:10.1371/journal.pcbi.0030032). However, no one finding stands out as exceptional.

Q5. How successful were your proposed tools, and did you adopt new tools?
James Glazier and Santiago Schnell:
As already indicated, modeling morphogenesis using CompuCell3D resulted in a significant improvements in terms of efficiency of our scientific work. CompuCell3D has undergone a series of improvements both in terms of functionality as well as computational performance. The speed of run of models in CompuCell3D is on par with the speed of run of models which were hand-coded using low level languages (such as C,C++ or Java). The real improvement comes from the fact that while modifying or extending hand-coded models is usually inconvenient operation, in CompuCell3D same operation is very easy to do even by non-programmers. In addition to this CompuCell3D models written by different groups can be run on the same platform which allows models to be shared between different groups.
Charles Little:

We are the wet bench experimentalists and imaging experts; our suite of computer programs have been adopted by two well-respected labs (Bob Mecham, Wash U, St Louis and Oliver Pourquie, Stowers). Our computational tools, including the PIV algorithm have attracted attention from diverse groups. For example, David Cheresh’s lab in Pathology at UCSD, is collaboration with the bioengineer in our lab, Evan Zamir, to analyze time-lapse images of tumor growth in situ (mouse skin tumor model) and how such motion (growth) correlates with vascularization of the tumor mass.

Q6. Please share your individual experiences of collaborating with the broader community
James Glazier and Santiago Schnell:
James Glazier and Maciej Swat are leading Working Group 4 (WG4) and their goal is to push forward standardization of multi-scale cell-level modeling. During last year WG4 has made a considerable effort in bringing scientists and developers from various research backgrounds together to collaborate on establishing a strategy for implementing model sharing platform. We will be hosting a mini workshop devoted to model sharing issues at the NIH in April just before PI’s meeting but in a long term we are hoping to organize a series of workshops that would lead to establishing new standards for cell level modeling.

Santiago Schnell and James Glazier organized in collaboration with Philip K Maini (University of Oxford) and Timothy Newman (Arizona State University) the Biocomplexity Workshop 9 entitled “Multiscale Modeling of Multicellular Systems”.  This workshop was hosted by the Biocomplexity Institute at Indiana University in May 2006.  The workshop was designed to bring together many of the top names in the area of computer and mathematical modeling of developmental systems, along with some up-and-coming junior researchers, with the aim of critically comparing the many methods and theoretical approaches currently being investigated. The workshop was highly interactive, with many sharp and useful discussions following presentations. Such was the success of the workshop that all involved were enthusiastic about publishing a collection of focused reviews of the aspects of this emerging field in which they were involved, as a way of making it accessible to the wider developmental biology community.  We will be publishing the results of the workshop as a volume of Current Topics in Developmental Biology.  The publication is schedule by the end of this year.

Charles Little:
See answer to query #5.

Q7. Please highlight your plans for year 2
James Glazier and Santiago Schnell
Presently Prof Glazier and Schnell groups are working the formation of the epithelium during somite formation.  Our quantitative study shows that cells elongate in the outer region of the forming somite while those in the center are more rounded.  However, we found contrary to the current view that the first sign of radial cell alignment during epithelialization occurs in the lateral border adjacent to the neural tube and along the medial size of forming somite.  The motion of cell alignment then propagates from this point to the lateral plate mesoderm.

We are also planning to incorporate a model of the molecular clock driving somite formation into our CompuCell3D implementations.

The Schnell group will be developing a finite element model to study the mechanic-chemical forces involved in somite formation.  Our finite element analysis has some limitations since it is based on the viscous liquid model captures well the tissue's bulk movement but does not take into account some microscopic cellular processes which may be pivotal to somitogenesis. For example, the viscous liquid model cannot account for how the assembly and remodeling of the ECM changes the large-scale mechanical properties of the tissue. As it has been demonstrated by the Little group, it is possible to explain the long-range movement of cells across the forming boundary by postulating that cells preferentially follow oriented ECM fibres. However this proposition cannot be straightforwardly related to heightened adhesion or the Eph/ephrin signalling. It is also plausible that the chemical field we suggested in our models on this stage, instead of providing chemotactic cues to the cells, acts as a pre-pattern for fibre orientation, which consequently induces cell movement by contact guidance. This possibility we cannot presently exclude and will be explored in our future research.

Charles Little:

We will begin a series of studies with the Glazier group to combine our time-lapse imaging and cell v. tissue motion analysis with studies of the tissue material properties of the pre-somitic mesoderm. Evan Zamir, the young bioengineer at KUMC, will be involved in this project. The combination of quantifying the lines of principal stretch in the PSM combined with material properties measurements will allow approximations of tissue stress based on primary data from live embryos. 

Mark Alber: 

We are currently working on applying multiscale approach based on an established connection between CPM and continuous limiting model for simulating somite formation. We are also implementing newly introduced parallalezation algorithm in the CompuCell3D. We are also currently collaborating with Santiago Schnell on developing Boolean network model for somite formation.

Q8. What is your primary MSM Working Group?
James Glazier, Santiago Schnell, Mark Alber, Charles Little:
WG4

Q9. Please comment on your MSM Working Group(s), and what needs to be improved?

James Glazier and Santiago Schnell:

WG4 has been very active during last year and we managed to involve in our activities people from outside MSM Consortium but who have vast expertise related to mission of WG4. 
WG4 could be even more productive if we had funds to at least organize face to face meetings with all the members of WG4. Our long term goal is to host series of workshops on model sharing. This also requires funding from governmental agencies. We are in the process of preparing appropriate proposals. We feel that insufficient funding is a major obstacle that impedes progress within our group.

Charles Little:
We have had a very productive interaction with the Glazier Group, who share our strong interest in early vertebrate morphogenesis. We participated in a Biocomplexity Workshop at IU;. Further we have had informal interchanges with the Barocas Lab at U. Minn. 

Virtually all our interactions with the IU group have been thought postdoctoral fellows who visit each other’s respective labs and receive cross-training. This grass-roots level of interactions will foster collaborations across the careers of the young scientists involved. So while Evan (KUMC) may share his data and insights with Bera (IU); the materials measurements Bera makes will be shared with Evan. 

Dr. Rongish will also interact with the IU group to use their two photon microscope for analysis of 3-D reconstructions of early embryos that will be correlated with our “2-D” time lapse movie of axis formation and segmentation. This will be essential when we begin higher resolution analysis of somitogenesis with respect to cell shape change. Indeed, Cheng Cui’s electrporation method will allow analysis of cell orientation and shape during somitogenesis (20X objective); while the 3-D imaging of fixed embryos will allow cell geometry to be analyzed at high resolution (100X objective) on select specimens (after completion of time-lapse).

Q10. How do you foresee logical linking of models with others in the MSM?
James Glazier and Santiago Schnell and Mark Alber:

WG4 is committed to devising a strategy for efficient model sharing. Many members of WG4 are leading projects that enable model sharing within a given subfield. This is a first important step towards more general model sharing. We hope that once we get scientists’ attention to model sharing issues we will be able to come up with a set of standards that would make model sharing a reality. As of now, all the models developed by Glazier, Schnell, Alber and Little are shareable within the CompuCell3D community. We realize the importance of going further, however, until the broad community decides on model sharing strategy we do not see any other way of making our models shareable than distributing CompuCell3D and appropriate CompuCell3D models.
Charles Little:

As experimentalists we hope our empirical data are suitable for use by modelers. There is reason to think this is valid. In addition to our work with Dr. Glazier and his colleagues, we have been asked to provide time-lapse images of early blood vessel formation to mathematical modelers who study tumor angiogenesis, in this instance, Dr. Yi Jiang, a PI at the Los Alamos National Labs.

Q11.Are you writing grants?
Biocomplexity Institute has submitted an R01 proposal to the NIH to further improve and extend CompuCell3D. From our perspective and perspective of all the researchers who rely on CompuCell3D modeling this grant is of a great importance. While we have made a significant progress in terms of improving CompuCell3D there is a long list of tasks that need to be implemented to further increase sophistication and flexibility of our product. In addition to this we have been also submitting other grants that focus on science. Most significant proposals that we have submitted include:

James A. Glazier

1) Development of Analytical Tools for Vibrational Assessment of Bone, NSF/DMS, 01/01/06-12/31/06, $1,467,814—Declined
2) A Multidisciplinary Curriculum in Experimental and Computational Life Sciences, HHMI/NIBIB: Interfaces Initiative for Interdisciplinary Graduate Research Training, 11/05-11/08, $998,483—Declined
3) Development and Improvement of Tissue Simulation Tool Kit, NIH/NIGMS: PAR-05-057, 12/15/05-12/14/08, $2,160,006—Declined
4) Stochastic Modeling of Growth, Condensation, and Patterning in the Chick Limb, NSF/DMS, 09/01/06-08/31/09
$459,540—Declined

5) Quantification of the role of Fibroblast Growth Factors (FGFs) in Early Chick Limb Development using Microfluidics and Computer Modeling, NIH/NIGMS, 09/01/06-08/31/11
$725,000—Declined

6) Modeling Foam Drainage with Domain Monte Carlo Methods, NSF/CBET,
09/01/06-08/31/09
$380,018—Declined


7) Lattice Based Monte Carlo Methods for Reaction Diffusion Equations, NSF/DMS, 09/01/06-08/31/09, $629,004—Declined


8) Applying Depletion Force Methodology for Use in Tissue Engineering and Biotechnology, NSF/CBET, 09/01/06-08/31/09, $261,960—Declined


9) Biocomplexity Integrative Graduate Education and Research Traineeship Program, NSF 06-525, 09/01/07-08/31/10, $2,999,019—Declined
10) Biocomplexity Fellowship Proposal, Lilly Foundation, 09/01/07-08/31/10, $192,000—Declined
11) Collaborative Refinement of a Computational Method for Virtual Cancer Biology, IU/FRSP
, 01/01/07-12/31/07, $68,454—Current

12) Lattice Based Foam Simulation for Petroleum Recovery and Processing, ACS/PRF, 09/01/06-08/31/09, $135,000—Declined


13) MSPR Biosensors as Efficient, Effective Alternatives to Microarrays for Cancer Cell Analysis, Walter Cancer Institute, $100,000—Declined
14) Collaborative Refinement of a Computational Method for Virtual Biology, Walter Cancer Institute, $100,000—Pending

Santiago Schnell

1) Multidisciplinary Ventures and Seminars Fund Application, Office of the Vice Chancellor for Academic Affairs and Dean of Faculties, Indiana University, “Multiscale modeling of multicellular systems: An interdisciplinary workshop”', Santiago Schnell (Principal Investigators) and James Glazier, $5,000 —Awarded.

2) Division of Integrative Organismal Biology, National Science Foundation, ``Biocomplexity 9: Multiscale modeling of multicellular systems: An interdisciplinary workshop'' Santiago Schnell (Principal Investigators) and James Glazier, $10,000 —Awarded.

Q12. Are you finding new collaborations?
James Glazier and Santiago Schnell:
New collaborations include:

Ross Cagan and David Larson from Washington University in St. Louis, “Development of Drosophila Eye”

Tinri Aegerter from Swiss Federal Institute of Technology, Zurich, “Development of imaginal wing disc in Drosophila”

Sandy Anderson University of Dundee – “Modeling on cancer cell invasion of tissue”

Corneljis Weijer University of Dundee – “Simulating gastrulation in chick embryos”

Roeland Merks University of Ghent - “Development of vaslulatory system”
The Schnell group is in the process of setting up a collaboration with Isabel Palmeirim (University of Mihno, Braga, Portugal).  Prof Palmeirim has discovered the  segmentation clock and its role in somite and limb development

Alber group started collaboration with Dale Kaiser from Biochemistry Department, Stanford University, “Swarming in Myxobacteria”; 
Q13. Related Publications:
James A. Glazier
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