PHD PROJECT IDEAS

Andrew Noske

What I want in my project:

I want my project to:

1. be INTERESING – must interest me for three years!
2. be achievable – numerous people fail due to over-ambition

3. induce minimal stress – good supervisors who aren’t busy and overloaded

4. be valuable – (eg: mozzie project had both theoretical and practical value) – will my project be used
5. not involve too much research in unknown fields – (eg: cell pathways) – ideally my research will have discipline value in other fields
6. not require too much time coding – first priority is writing thesis
7. have a visualization component – enhance my coding skills

8. make me employable – advance computing skills – I may want to do real work before returning to research/lecturing
Project Idea: VISIBLE CELL (Visualization?)

Overview:
· In applying for an APA scholarship at UQ I had no time for research or investigation.

· The first lecturer who replied to my e-mail was Ralf Muhlberger

· I had no knowledge of cell biology at that stage, but came up with a quick idea, which Ralf said had merit.

· The original idea: modelling of forces and use of haptics in protein docking has been successful, so how about modelling forces and use of haptics inside mammalian cells. This project was to be part of the “Visible Cell project”. The cell is like a “bag of soup”, so how much force does it take to move this organelle through this thing, instead of over this way. This information can be conveyed though haptics, and various visualization techniques; for example, taking 3D Euclidean space and distorting it around a point to show how much force is required. 

· Problems:
· BIGGEST PROBLEM is the sheer complexity of cells. There are some random/stochastic processes involved, but most processes are established.

· Vesicles travel from ER to Golgi, then to outer membrane via microtubules.

· Actin and other cytoskeleton filaments expand and contract and; also drive cell movement.

· Most organelles play (many specific roles), and modify proteins etc. eg: mitochondria are powerhouse, make energy.

· Phase transition very important – triggered by change in PH, electrons… all sorts of things.

· Too much to model – maybe create small model?

· How do you model a bag of soup?!

· Scale: there are (I think) thousands of organelles in a cell.

· {|| Eukaryotes (H. sapiens) - compartments~103–4 || components~1017–18 molecules, ~104–5 species || component types ~101 ||}
· No appropriate haptic devices in UQ – and basic phantom device would cost $1500 (estimate).
· Having doubts about the value of simulating organelle movement – how is it relevant to cell biologists

Potential Value:

What could 3d modelling type project achieve? (biological question X)
· 3D data can be used to obtain surface area measures – can this help predict rates of reaction of some kind – simulate diffusion?
· Cell very crowded – high res images used to estimate difficult of various proteins/shapes to enter & travel through cell.

· Wounded cells, with missing membrane, still survive – cytoskeleton & gel-like layered water help it survive and not break apart.

· Cell water exists in layers – what properties – can 3D simulation prove anything here?

Input/Suggestions:

· Prof. Mark Ragan:

· Developing/optimizing algorithms not enough – are many IT solutions with no matching problem.

· Need to answer some biological question X.

· Need some programming, but don’t get bogged down – maybe employ/use undergrad (risky though).

· Prof. Kevin Burrage:

· Interests/background: Maths. Development of mathematical models for understanding genetic regulation. 3D visualisation of cellular processes.
· Haptics waste of time.

· Thinking about agent based modelling of cells – less complicated.

· E-mailed me a couple of papers to read.

· Dr. Brad Marsh:

· Modelling forces inside a cell good area to be in – will become more important later.

· Can supply 3D data – model just a small part, caricature.

· Dr. Francis Clark (Kevin Burrage’s old student):

· Feeling in IMB building IT people not useful, due to lack of understanding – they may not pay off.
· Dr. Ralf Muhlberger:

· Cell biologists do not understand benefits of IT practices, and won’t understand value of looking at problem from another perspective.
· If you try solving predictive 3d structure problems within cell, or try finding effective new ways to present data, and fail, still partial success – still a PhD paper.
· Dr. Lindsay Wood:

· (Does parallel computing stuff)

· Talked about agent-based models

· Lent me couple of books.

· Dr. Nick Hamilton: (next-door)

· Find something specific

· Forwarded me some papers to read.
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Project Idea: WOUND SIMULATION (AGENT BASED?)

Overview:
· Hope is to simulate humans getting injured and healing – starting with small area of skin, and working up. This is more in area of biology and physics (kinematics) than cell biology or molecular biology.
Preliminary Project Idea:

· Simulate humans being wounded/injured and also the healing process.

· Hope is that most systems, starting with skin, can be modelled by breaking up into small parts – starting with just cells – although most wounds would involve so many of cells (humans have an estimated 100,000 billion = 1014 cells), there must be a way to adjust scale of simulation – use same properties of component cells (stretchiness, brittleness, particle size), but approximate wounds.

· To increase size of cells is probably inappropriate (extreme example: each cell is size of arm and falls off at incorrect point) – may need some way to adjust properties and approximate large groups of cells – initial point of impact at higher resolution perhaps. Call these cells “particles” (even through each has geometry).

· Start human in normal state/position, and then strike with some object.

· Point of impact is detected, and cells in immediate area are mapped – a nearest neighbour system is used to allow cells to interact, deform, absorb, impact, break etc.

· Visualization shows skin/muscles/bones breaking and bruising – probably very processor intensive and slow (depending on resolution of particles).

· Skin may deform, break etc, and affected regions of skin are shown.

· Once impact subsided, may decide to wound again (in real time) or simulate blood loss perhaps.

· Once happy, can simulate healing process (on a faster time scale), whereby cells mend, scabs form…. other systems/organs heal (could be complex/unknown).
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Plan of Attack

· To simulate wounds would first involve getting real data and learning about the properties of various systems (especially skin) and how these properties can be modelled and approximated.

· The system might initially be designed with just skin cells (at a small level) and test the physics involved in tiny wounds/cuts. Also simulate wounds healing – returning to normal state (probably omit signalling, but maybe use some type of agent based modelling). These simulations will try to approximate real data and results compared.

· Experiment with data structures to speed up simulations – use of fixed grid probably faster, but possibly use hierarchical grid – like binary tree but greater resolution?

· Next, try scaling up the operation for larger wounds in skin – try inventing methods to reduce simulation time without too much loss in accuracy of original model.

· Try mapping other systems such as blood vessels, and then muscles & then bone.

· Try modelling complete human, and wounding in different ways with different implements.

· Add organs and investigate healing of such organs, as well as tools to predict/show damage, pain and chance of survival.

· Optimistic: Incorporate more realistic physics engine so that person struck with crowbar falls down. Rag doll effects of person falling onto floor potentially very complicated – maybe instead of testing surface area for impact with ground, use system of “surface points” – representing high resolution particles in collision detection. Dropping a man from some height would be another interesting experiment.

· Consider how human movement affects wound and deformation of cells.

Scope:

· Scope is especially critical in this project – expecting to achieve everything outlined here would only lead to disappointment.

· Just modelling a small volume of skin cells (wounding and healing) realistically might prove too difficult, and/or may entail enough work for an entire PhD project. My honours project demonstrated to me that finding and testing ways to optimize spatial algorithms can be very time consuming. If however, initial test are successful, applying scale to the system could be valuable research – because same software could be used to model microscopic cuts, as well as knife wounds.

· Adding other systems may be ambitious – circulatory system may require another approach altogether. Since blood is a liquid, fluid dynamic technique may need to be applied – or maybe considered outside scope of project.

· Hopefully initial skin simulation will be successful, and modelling muscle and bone beneath that skin will be possible. The ideal goal would be to model a whole human, and be able to test the affects of various impacts on his body.

Value of project:

· The potential value of modelling wounds is tremendous. Performing these kinds of tests in the labs on living people is generally frowned down upon.

· Following are some example applications for this type of software/research.

Application Examples:

· Safety test.

· Car crash dummy. Real simulations expensive, wish to test in silica probability of pedestrian surviving impact of car crash – consider position, human reaction, muscles tensing etc.

· Medical.

· Remote patient. Unable to get to patient, but wound described, doctors model/recreate wound, to better understand damage, predict chance of survival and best cause of action.

· Estimate healing or change of death. Doctors recreate wound, run simulation and estimate time to heal and if scars will be permanent. If wound bad enough, computer might give crude estimate of chance of survival.
· Criminal Investigation.

· Dead baby, cause of death. Mother claims dead baby feel from cot, three feet above the ground – investigator suspects lady is lying, wants to run tests/simulations to prove bruising and death on baby not caused by falling from three feet.

· Weapon identification. Unusual wound on victim, investigator runs tests/simulations attempting to identify type and/or shape of weapon.

· Other:

· Investigate effectiveness of weapons; particularly ancient weapons – how many times would you have to strike a person in the chest to kill them.

Existing work:

· As of yet, no research has been done to determine what has been done in this field. It’s likely this project has already been attempted – or if not, I’m certain they have designed simulations for training medical students (especially in use of haptic devices for remote/sensitive operations) which would employ various algorithms to simulate skin being cut etc.

· Most papers use agent based modelling of cells. Most seem to be in 2D and focus on mitosis (cell division); one uses a 2D Veroni graph, but not to great effect.

Factors involved in a wound:

· What materials involved

· Body systems – skin, blood vessels, muscular system, skeletal system, organs, nervous system?
· Weapon/projectile/ground etc – metal, wooden.

· Properties of involved materials – density, hardness/softness, brittleness (snap), elasticity (stretch/twist), tear (surface tension?), snap – maybe can simply to several basic properties. Might be hard to model – or not realistic.

· Age of person – as age, bones & skin become more brittle.

· Existing wounds/abnormal growths – burnt skin different properties.

· Forces involved – a blunt knife must have force applied to pierce arm, what if arm moving backwards, is knife grating – gets complex.

Side-projects:

· Map/approximate real (documented) wounds/injuries onto human models and see if similar results are obtained using computer simulation.

· Make a database of real injuries/wounds such that doctors can lookup keywords (eg: “fall >> three meters vertically”), specify age & other details and get a series of matches (and maybe statistical results). Each entry shows what damage was caused on 3D model, written descriptions of accident (eg: 40 y/o female, fell approximately four meters off bridge onto road, landed on elbow on her side, ten broken bones, as shown, elbow never fully healed, etc) plus photos and maybe even a crude animation (in this case to show how they landed).

· Other examples: “gunshot >> stomach”, “knife >> neck”, “lighting >> head” (electricity another thing to simulate?).

· Use same cell models to simulate/approximate malignant growths and cancers.

· Use same principle of particles (smaller interacting parts) to simulate breaking other materials – snapping wood, breaking glass, blasting rock, smashing vase, etc. If physics model advanced enough, could simulate collapsing structures (& maybe put person on structure), crashing cars etc.

Project Idea: DYNAMIC CELL ENVIRONMENT MODELLING SYSTEM

Possible thesis title: | A spatial-temporal-probabilistic/stochastic modelling framework/algorithms for agent-based movement of cells.
Possible software name ideas: | Cell Modelling Environment (Cell-ME) | (Cell-MES) | (Cell-PMS) | (CellSim<taken by mobile phone thing) | (Cell Simulator<taken?) | (Cell-Box) |
| Predictive, Dynamic, Moving | Cell | Modelling, Visualization | Environment | System, Simulation |
Overview:
· The goal of this project is to create an environment where cell biologists can test hypothesis regarding behaviour (particularly movement) of different cells (mammalian cells & bacteria), and create meaningful simulations which can approximate in vitro experiments (both known and unknown).
· The project will involve making a 3d Cell Modelling Environment (Cell-ME) whereby cells, bacteria etc are generated or placed inside a bounding box, rules & gradients are specified, and a simulation runs numerous times to make predictive model. Most of the movement will be random (eg: red blood cell float about slowly), but there will be many rules imposed on the cell (eg: if a white blood cell is near bacteria, it will chase that bacteria; movement less random). Once the same simulation has run X times, Cell-ME will allow you to see where cells are likely to travel over time, and show quantitative results such as “number of bacteria over time” (which can be compared to real data).
Preliminary Project Idea:

· Cell biologists have certain theories about how various cells move around in various environments, based (mainly) on observation. For instance, a white blood cells move in one direction several seconds, then its internal cytoskeleton structure randomly forms a new “front end”, and then goes off in that direction; but if a bacterium is nearby it will probably chase that bacterium. Furthermore, the white blood cell’s lifecycle is such that it may die or divide at certain times (there is randomness in that too).

· The goal of this project is built an easy-to-use, but powerful simulation program which allows cell biologists to test theories and create plausible models. Simulation runs which yield quantitative data which closely matches data from in vitro experiments will support a particular model for movement, and (just as importantly) those which do not match in vitro data will indicated that the proposed solution is incorrect or incomplete. Hopefully simulation results can also be analysed against recorded in vitro animations.
Plan of Attack

· The rules governing cell movement and shape are extremely complex, but the first models created will be highly simplified – for instance cells may just be represented as points or spheres plus a vector representing its front facing direction.

· Initial rules will be hard coded, and simulations run as proof of concept. Initial simulations may also be limited to two dimensions (mainly so results will be easier to visualize & compare to in-vitro experiments).
· If successful, more complex rules regarding distances, shape and proximity will be added. Ideally cells will be able to morph shape, increase in volume, and basically behave like normal cells.

· Next, various methods of displaying results will be investigated. This entails a qualitative assessment indicating what type of data and visualizations are most meaningful to users of the system.

· Ideally, a cell biologist with no programming knowledge should be able to write his own rules and understand existing rules intuitively. User-friendliness is critical. My idea is that a life-cycle and movement rules (both involving random elements) will be attached to each type of cell in the simulation. I don’t yet know what type of rules will work best, but following is an idea of what a set of rules may look:
	· Rules for bacteria X:

· Meta-data: …{author, descriptions, etc}
· Average lifespan (without interference) = 50 mins ± 5 mins.

· Probability of entering mitosis over time = 
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· Movement model = MOVE_STOP_CHANGE_DIRECTION
· Volume = … probably shape info be stored elsewhere, or have types of shapes
· Frequency of direction change = avg:4ms, min:3ms, max:10ms.

· Speed = min:3µm/s, max:6µm/s

· Direction change = minAngleChange:0o, maxAngleChange:120o.

· Interaction with specific bodies:

· White blood cell:

· Direction change: probability of facing away from white blood cell = 3.5×timestep×(separation distance in µm)2.
· Speed: If within 5µm of white blood cell min_speed=5µm/s.

· Red blood cell:

· *use default collision avoidance rules – prevents them from overlapping.
· … {NOTE: if some type of cell in the simulation does not appear here, default interaction rules will be used}
· Affect of other parameters:

· If PH > 6: die.

· If temp < 0oC: go half speed.

· If sodium gradient: travel towards least sodium.

· … {NOTE: may need to include several special rules here – there are always exceptions in biology}


· NOTE:

· Rules could get pretty complicated, and especially in the case of life-cycle, may not be representable as mathematical curves, and may even be graphed (as shown above for mitosis).

· Different cells might move in different ways (and their shapes can deform), and this will probably be the most complex thing to define and represent. One solution is to hard-code serval movement functions, and let the user chose which one best matches their cell, and specify parameters for it.

· Lifecycle can also be tricky; a cells behaviour various over the different stages of its life.

· A large, but critical challenge will be finding:

· the type of rules cell biologists need
· an appropriate syntax for rules

· the best method(s) to view, enter and apply rules
· the best way to store rules.

· Some possibilities are:

· invent my own syntax (probably easiest, but will be specific for my program & program functions),

· use XML files (ruleML?); one for each cell type, (probably better option) or

· use a high-level interpreted programming language such as Python (best flexibly, but bad for non-programmers),
· use some type of hybrid approach combining above ideas; or let “power users” add modules when a particular function they want is not available,
· although XML files are a good option, complexity of interaction rules, and repetition may require some kind of database system
· Another challenge will be allowing cell biologists to set up initial setup and parameters for a simulation. The system should allow users to place cells/objects using point and click – and also let them generate random configurations – for example: set up a box of water 50µm×50µm×10µm, 80% crowded with: 90% red blood cells, 2% white blood cells, 8% bacteria X.
· NOTE: may need to write a separate program to generate more complex/structured configurations, such as a one with layers (different types skin tissue), or cylinder through the middle (blood vessel, hair follicle?).
· More initial data might include:

· Temperature & pressure (may want to change and/or measure this over time)

· Gradients (actually, gradients of certain substances could lead to additional simulation challenges, whereby we might want to model, say, diffusion of certain molecules in the liquid containing our cells)

· What boundary conditions to use on each box face – (periodic boundary conditions | solid boundary | reflective boundary | other).

· Other user options will probably include:

· Timestep to use – shorter timestep will give more accurate results, but simulation will take longer

· Time to run each simulation (measured in number of timesteps to execute, not processing time – although a max processing timeout is a wise idea).

· Number of simulations to execute
· Which optimization algorithms to use (eg: might have one setting where cells change shape, one where they don’t, and one where only points are used)
· What type of quantitative results to record (eg: number of bacteria over time)
· Any additional spatial data to record (eg: we might want to view the stochastic movement of one particular cell over time, or save the state of the box at the end of each simulation for visual comparison)
· Cell rules/models should be based on SOMETHING substantial – not just observation and guesswork. Modelling certain important elements inside of the cell – (eg: actin cytoskeleton front reformation in white blood cells), and known cell signalling might help give this work scientific merit.

· Assuming everything goes well, and meaningful results are generated, the project may be extended further so that the computer can automatically change rules to better approximate in-vitro results. For instance certain AI learning algorithms (hidden markov models maybe?) might be used to adjust rules until quantitative values match.

· How many times must a simulation be run to attain an accurate probabilistic distribution (Figure 0.1)? I suspect it may require hundreds of runs; there must be a better way to take the rule set and determine where the cell is likely to travel.
· A different approach is to use AI image-tracking algorithms to help map real in-vitro animation in 3D (although maybe only 2D is possible). Real data sets can presumably then be analysed to see what types of rules appear to govern cell movement. Algorithms may, for instance determine red-blood cells don’t appear to move much on their own, while white blood cells go through a start, stop, change direction cycle. Hopefully some form of data mining, or at least comparing different types of cells, will determine that white blood cells behave differently when nearby bacterium. To think that AI systems can figure out the white blood cell is trying to consume the bacterium and adjust rules to form an near-ideal solutions is hugely overambitious, but such algorithms may at least be able to help us find unusual relationships, which humans may not notice on their own.
· What about system where simulation is sets up to perfectly match in-vitro simulation & each time step/time period T computer maps predictions (using rules) & compares it to what actually happens in the next step ( a control for this is generate a single simulation, record all movements over some time, then use same rule set again, & compare movement (should give some coefficient to represent how well rules match).
· May be very valuable to setup/propose a framework/scheme whereby spatial time step simulations can be compared, and some type of probability/confidence measure given to predict if simulations match. This has application in MANY biological problems where certain finite sets of real data exist – time steps may vary tremendously, but we want an automated way to find out what rules govern movement (and other events).
· Keep in mind all results taken with a grain of salt. Movement rules may vary across different regions, and results not as meaningful – also depends on how well initial parameters set up (impossible to get perfect). Many, many biases can be introduced, so human analysis of results essential; but at least computers can tell which of two models is better for a given set of real results.
· Examples:

· Dengue outbreaks using dengue mosquito feeding pattern and movement rules.

· Travel/pathways of ant colonies (applied to many insects).
· Movement of people in shopping environment (bit of a stretch).
· Significantly, the history of a cell (ie: how long ago did it do what, how long has it been alive) and the state of a cell dictates what it does. Ultimately these are “multi-state cells”; each state exhibits different behaviour.
· Cell-cell interactions are one aspect; cell-microenvironment interactions are also required. Investigate different methods to modelling of chemical gradients (eg: using binary space partitioning and/or grid system?).

Scope:

· Scope is especially critical in this project – expecting to achieve everything outlined here would only lead to disappointment. However, creating simple models and rule sets shouldn’t be too difficult, and the work can expand from there.

Value of project:

· The main value of this project is to help gain insight into rules governing the movement of various cells. This may lead to such inferences as: if this person has a low percent of red blood cells, it should take about this long to get bacteria levels under control.
· The type of questions I want to answer are:

· How much can we improve our understanding of cell movement, and formulate predictions, using various spatial modelling/simulation & visualization techniques?

· Can these 3d agent-based probabilistic modelling better approximate real-world results than other mathematical means?

· What are the best models/frameworks/standards for future work in trying to model cell movement in 3d space?

· Although I have only talked about an example with white blood cells chasing bacteria around red blood cells, this system can hopefully be used in many different scenarios. I have no idea really what type of systems, but maybe some of the following are valid:
Application Examples:

· Simulate (test models) white blood cells chasing bacteria around red blood cells.

· Simulate growth of tumours.

· Simulate nerve regrowth.

· Simulate wound healing on surface of eye.

· Simulate skin surface (mitosis).

· Simulate binding/cell attachment to artificial blood vessels, plastic bone structures etc.

· Simulate sperm cells.

· Simulate bacteria in polluted water?
· Probably NOT plants ( little to no movement.
Existing work:

· As of yet, little research has been done to determine what has been done in this specific field/topic. It’s likely this project has already been attempted (but hopefully not).

· I have read a couple of papers which use agent based modelling of cells. Most seem to be in 2D and focus on mitosis (cell division); one uses a 2D Veroni graph, but not to great effect.

My Personal Thoughts & Concerns:

This project appeals to me because:
1. it’s related to my honours thesis – instead of simulating atoms in a box I’ll be simulating cells (with a much more complex rules system)
2. unlike alternatives, this shouldn’t involve copious hours learning new stuff outside my field (specifically: the complex workings & molecules inside a cell)
3. I think it has good practical value as well as theoretical requirement – hopefully resulting in a set of techniques & piece of software cell biologists will use.

4. I like the fact there is a visualization component, it’s my own idea and I’m pretty confident I can maintain interest in it for 3 years.

My concerns are:

1. This project has already been done (hopefully hasn’t),

2. The programming component could take the bulk of the time,

3. Results not publishable, because not enough science involved ( hopefully has computational AND scientific method.

4. Results from the program will not be valuable; because there may be too many factors involved, or an agent-based, proximity-based simulation of cells might be far too simplistic.

Structure of Thesis:

This is a rough idea of what the thesis might look like and contain, using a traditional layout:
· Introduction
· *see value of thesis

· Related work

· Background in field

· Literature review on attempts to model cell movement and life-cycle.

· Literature review on techniques employed to model agent-based proximity-based simulations.

· Problem Formulation

· What is best format for representing/implementing rules?

· Implementation

· New techniques to speed up proximity-based simulations – very much related to my honours project.

· New techniques for modelling cell movement using rules.

· * How to parallelise such simulations.

· * Techniques for computer to generate “best fit” rules.

· * Techniques to map in vitro results into 3d, analyse results and use results to make better simulation rules.

· Testing and Results

· Quantitative results – compare different methods of optimizing simulation – compare performance and accuracy.

· Quantitative results – compare quantitative results of various simulation methods to in vitro results (and also compare with results from stochastic simulations – eg: Monte Carlo, partial different equations etc.).
· Discussion

· Qualitative investigation into how cell biologists react to system:

· Which probabilist result-visitation techniques most meaningful.

· How user-friendly is system & how could it be improved.

· Discuss results; how useful is this system.
· What questions can this frameworks answer.

· What other fields/applications can this work be applied to.

· Conclusion and Future Work

* - means there is a good change I won’t have time to include this.

NOTE: An alternative layout would be to talk about computational/optimization issues completely separate from discussion about cell rules – almost dividing the paper into two halves.

Alternative layout:

· Introduction

· *see value of thesis

· Related work in cell biology

· Background in field

· Literature review on attempts to model cell movement and life-cycle.

· Literature review on techniques employed to model agent-based proximity-based simulations.

· Problem Formulation

· What is best format for representing/implementing rules?

· Computing issues - new techniques to speed up proximity-based simulations (very much related to my honours project)
· Technique 1 – explanation, implementation, results.

· Technique 2 …

· * How to parallelise such simulations

· * Techniques for computer to generate “best fit” rules

· * Techniques to map in vitro results into 3d, analyse results and use results to make better simulation rules.

· Cell biology issues - new techniques for modelling cell movement using rules

· Technique 1 – explanation, implementation, qualitative results.

· Technique 2 …

· Testing and Results

· Compare quantitative results of various simulation methods (finished product) to in vitro results (and also compare with results from stochastic simulations – eg: Monte Carlo, partial different equations etc.).

· Discussion

· Qualitative investigation into how cell biologists react to system:

· Which probabilist result-visitation techniques most meaningful.

· How user-friendly is system & how could it be improved.

· Discuss results; how useful is this system.

· What questions can this frameworks answer.

· What other fields/applications can this work be applied to.

· Conclusion and Future Work

NOTE: Will probably have to wait until much later until trying to figure out what structure is best.
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Figure 0.1: Basic visualization and results proposed Cell-ME will generate


[image: image5]
Figure 0.2: Can actin filament formation be simulated meaningfully?

As leading margin (either stubby pseudopodia or fine filopodia) extends; membrane surface pushed forwards by extending filament structure, we can assume gaps in structure cause smaller particles (single acting units, arp2/3 complex, and to lesser extent cofflin) surge/diffuse forwards to fill space created.
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Figure 0.3: Four steps in cell crawling.
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Figure 0.4: Analysing simulations against real data.
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Figure 0.5: Methods of representing spatial data.

Input/Suggestions:

· Prof. Mark Ragan:
· Initial thoughts: negative – not useful unless ties down to what’s known about internal workings of cell.
· Still need some solid biological questions answered.
· Dr. Jennifer Hallinan:

· Need biological question. 2D behaviour results different from 3D behaviour.
· Interests/background: agent based stuff. Building a complete picture of the biochemical interactions that occur in a cell – six degrees of biological separation. Developed statistical techniques to aid the detection of cell abnormalities invisible to the naked eye.
· Nick Hamilton
· Bad idea, because no supervisor to match project idea. Talk to Kevin Burrage.

· To become IT lecturer chose PhD topic carefully.
· Dr. Ben Hankerman:

· Have not spoken to yet
· Dr. Jim Hanan: 

· Have not spoken to yet
· Interests/background: Computer Modelling Development of simulation and visualisation techniques for biological research on the cellular, tissue and organism level. Plant Architecture Informatics. (ARC & ACMC)
· Brad Marsh:

· Have not spoken to yet
· Geoff 
· Have not spoken to yet
· Bob Colomb
· Have not spoken to yet

· Rule systems ( level 6 GPS
· Tim Bailey
· Have not spoken to yet

· Level 6 IMB
· Raffi
· Have not spoken to yet

· Level 6 IMB
(a) Probably of cell to move in different direction next iteration.





(a) Pathway (as lines) & end position (as polygons) of specified cell (& initial position all other cells), over several runs.





(b) End position of two specified cells, after several runs (as points). (NOTE: showing all cells would be too crowded!)





(c) Probability of area occupancy over time (as transparent volumes).
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(b) Quantitative result showing number of bacteria x over time averaged over many simulation runs. Similar results could (perhaps) be yielded for entropy, temperature, distances travelled, crowdedness of box, # of mitosis, # of cell deaths etc.





# bacteria X





Arp2/3 Complex – form Y junctions (approx 70o) in filament





cofflin (ADF) – causes actin filament disassembly at back – gradient?





capping protein – stops filament from growing further





G-actin – single acting unit – recruited at barbed end of filament





#2) Adhesion





#3) Contraction





Questions: 


New membrane appears to add at front of cell – where does this come from?


Can we assume volume is conserved (probably).


Can we model this process; can we simulate a  “bag of jelly” moving forwards and deforming with some type of 3D particle model?


How much internal structure is needed for a meaningful simulation?


Can such a simulation help us learn more about how actins (and other substances) drive cell movement?





REF: “Cell Movement”, pg 125





#1) Extension





Original state





#4) Detachment





(b) Area results of multiple simulations based on rule set R1.





(a) Organelles inside cell show in normal 3D. Brad Marsh & Ben Hankerman has this type of high-resolution stationary data, and are investigating better methods to analyse it.





NOTE: For each cell you can see where it lands relative to prediction. In R1 the red cell falls in the 80% likely zone, in R2 it falls in the 100% likely zone. In above timestep – R1 is generally a better approximation than R2. However what if your model has very large regions; well then TOO many cells will fall in, say the 60% likely zone.


QUESTIONS:


Should you also measure cell entropy – how far each cell travels? (probably)


Movement of one cell (eg: red cell), has big affect on many other cells (pushes at least 4 cells far aside); will this have negative affect on rating.
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(b) Representing force by showing distortion around a certain point. This shows that although the yellow blob is only narrow, it will take lots of force for the red vesicle to move through it. You could drag this vesicle around with a haptic device, and watch it change.





(c) Area results of multiple simulations based on rule set R2. 





(a) In-vitro result showing starting positions (faint lines) & positions after one timestep t (solid lines).





(c) Is it valuable trying to determine the chance of say, a particular organelle reaching the nucleus? Can it be done using regular shortest path algorithms? What is the best way?





(b) Healing. Agent based approach used; simulates wound healing.





(b) Wounding. Kinetic force applied; breaking cells apart.





(a) Box of epithelial (skin) cells, which can be replicated across a space.











(c) Radial plots – good idea?





(b) Weighting on grid cells – most efficient?





(a) Polar plots representation (good for showing bias toward angle… but not distance?)





(d) Simulation runs N times, showing N end positions
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