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Geant4-DNA for radiobiology
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6 Geant4

/A SIMULATION TOOLKIT

Extension of the Geant4 Monte Carlo
simulation toolkit for radiobiology
»Track structure code: simulate each
particle-matter interaction
> physical stage
»Simulate the production and tracking of

radiolytic species, together with their
mutual interactions

> physico-chemical and chemical stages

»DNA-scale geometries



MolecularDNA: can simulate early DNA damage using
only Geant4 macro commands - No C++ skills needed
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Simulation of physics, physico-chemistry and chemistry processes
in DNA geometries.

/world/worldSize 10200 nm
/cell/radiusSize 3 3 3 um

/dnageom/setSmartVoxels 1
/dnageom/checkOverlaps false

/dnageom/radicalKillDistance 9 nm
/dnageom/interactionDirectRange 7 angstrom Geometry InfO

/dnageom/placementSize 30 30 100 nm

/dnageom/fractalScaling 1 1 1 nm

/dnageom/definitionFile geometries/prisms200k_r3000.txt
/dnageom/placementVolume prism geometries/straight-216-0.txt

# Damage Model
/dnadamage/directDamageLower 17.5 eV
/dnadamage/directDamageUpper 17.5 eV

/dnadamage/indirectOHBaseChance 1.0
/dnadamage/indirectOHStrandChance 0.65

/dnadamage/inductionOHChance 0.0

Damage model
/dnadamage/indirectHBaseChance 1.0

/dnadamage/indirectHStrandChance 0.65

/dnadamage/inductionHChance 0.00

/gps/particle e-

/aps/ang/type iso

/gps/energy 4.5 keV

/aps/pos/type Volume .
/gps/pos/shape Sphere Particle source
/gps/pos/radius 500 nm
/aps/pos/centre 0 8 0 nm
/run/beamOn 1000



Physical stage

G4EmDNAPhysics_option2, GAEmDNAPhysics_option4 or GAEmMDNAPhysics_option6 constructors are
recommended to use in the molecularDNA example.

Chemistry stage

Independent Reaction Times (« IRT ») approach 2
* From the 1980’s by Clifford, Green et al., widely used today. . / [
* |terative process where the approximation of « independent pairs » is
assumed: calculates the reaction times between all possible pairs of { o

reactive species, as if they were isolated.

* No longer necessary to diffuse the molecular species and to calculate
the possible reactions between the species at each time step.

* A «synchronous » alternative hybrid version (« IRT-sync ») which gives
all spatio-temporal info. on radicals required for combination with
geometries
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Geometry model

Design principle

The molecularDNA application was made to make it easy to define a DNA geometry, and then place it
repeatedly to model a complex geometry at large scales, as below.

Placements

Geometry Modelled
Geometry

Turn Turn

Straight

Straight|Straight

It will join chains together correctly even when placement
volumes are rotated along the lines of the image




Damage model

Direct Damage occurs when energy from physical processes is deposited near a DNA (DSB) -
molecule. In moleculardna, we associate damage either with a ‘strand’ molecule (sugar or
phosphate placement) or a base molecule.

Indirect damage is scored when a chemical reaction leads to a strand break.
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Geometry library

DNA fibre Chromatine fibre Fractal geometry Cell nucleus

cylinders

Human cell

plasmid




DSB yield (Gy-1 Gbp-1)

Benchmarking and will need more...
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DSB yield for incident protons as a function of LET, for
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Documentations

molecularDNA

Home

Overview
molecularDNA macro files
Physics model
Chemistry model
Geometry model
Damage model
Results and analysis
Repair model
Configuration glossary

Available geometries
Parameter study
Bacterial cell
Human cell

Running the example

Publications

Building geometries
Fractal DNA package
DNA placements

Geometry placements

ses Just the Docs, a

2 molecularDNA on GitHub The Geant4-DNA Project

molecularDNA
Radiation-induced DNA damage simulations in Geant4.

molecularDNA is a Geant4-DNA example built to allow easy simulation of radiation-induced DNA
damage with flexible geometries and well defined damage parameters.

Get started right away in geant4/examples/extended/medical/dna/moleculardna with a library of pre-
existing geometries, or dive into the documentation.

(a) DNA double helix (b) i in fiber (c) Fil cell nucleus
molecular structure

Hilbert curve

human cell example

Get started from example See publications Available geometries

Want to know more about how it all works? You'll want to visit our Overview page.

Built using Just The Docs.

# FractaDNA

Structure Models

DNA Models

Examples

API Reference

# » FractalDNA View page source

FractalDNA

FractalDNA is a Python package to make DNA geometries that can be joined together like jigsaw
puzzles. Both simple, sections of DNA and Solenoidal DNA can be built. This module was built to
enable DNA-level simulations to be run in Geant4-DNA, part of the Geant4 project.

Structure models define the large scale structure of DNA, seeded from fractals. An example seeding

fractal is below:

DNA Models provide straight and curved segments that can come together to make DNA for use in

simulations.

Documentation is divided into three main sections, focused on building DNA models, high level
structure models, and then some notebook examples. showing how the code works.

e Structure Models
e DNA Models
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