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At the NASA Johnson Space Center, we produced new results with a BDSTRACKS: Biological Damage by

computational chromosome and radiation-induced DNA damage Stochastic (and Amor hOUS) Tracks
model, named BDSTRACKS (Biological Damage by Stochastic Tracks), _ _ P _
This new algorithm developed on massively

which simulates general types of chromosome aberrations (CA) from . | _ | |
parallel Linux architecture is based on functions Bi

low- and high-LET (linear energy transfer) radiations, using two ) i
different physical models of particle tracks: stochastic and fjeveloped n other.5|m|Iar models. These models
include NASARTI with the amorphous track -

amorphous. The chromosomes were simulated by a polymer random ) o h e ) ===
walk (RW) algorithm. The stochastic dose to the nucleus was structure and RITRACKS with the stochastic trac B

calculated with the code RITRACKS [1]. The new simulation results st.ructure. BDSTRACKS 'MProves predictions of g
were compared with results calculated with amorphous tracks, a high-LET DNA dama.ge |r.1 humcjm. cells, qnd _
common model for ionizing radiation transport in matter [2]. The produces DNA repair/misrepair in physical time.
number and spatial location of DSBs (DNA double-strand breaks) Besults from BDSTRACKS. are expected’to ————
were calculated using the simulated chromosomes and local (voxel) 'mprove our understa.ndmg of h(?w CA_S form ana £
dose. Assuming that DSBs led to chromosome breaks and simulating what physical factors impact their statistics.
the rejoining of damaged chromosomes occurring during repair, Scales of DNA
BDSTRACKS predicted the yield of various types of chromosome
aberrations. We reported some of these data in previous work and,
herein, we focus on deletions, inversions, and rings, which are
relevant biological endpoints for the prediction of risk from space
radiation in astronauts. Specifically, we simulated, previously hard to
model, ring-size distributions. We calculated these new data for a
number of ions: 1H*, 4He?*, 12C%*, 28Sjl4* and >®Fe?®*, with energies
varying from 7.7 to 1,000 MeV/u. We also present calculated RBE’s ,
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(relative biological effectiveness) for deletions, inversions and rings, . — .
which predict a realistic peak for LET values around 100 keV/pum. We " .
suggest using this model for situations that are hard to obtain LI L
experimentally and are looking forward to comparing this model of , , e . -
P : Y 5 .p 8 High-LET irradiation produces more clustered . _ . D
the experimental data, when they become available. . : A ¥ " B i C o
damage, as shown on a single simulated ™ A ] : ¢

: hromosome (Panels A, B, C), which i : | St £
[1] Plante I. et al (2013) Phys. Med. Biol. 58, 6393-6405. [2] cc)n gNZSOeo;Lti ?I:an,el; oC/)vl therci hst)based ; 4 /,,/ g . z ) s .
Ponomarev A.L. et al (2014) Rad Res 181, 284-292. g y gnt/. - Pl o ol |

Benchmark simulations (a general model check before fitting to the experiment) of the expected linear and linear-
guadratic behaviors of the simulated data for human fibroblasts. Panel A. Number of DSBs as a (linear) function of dose for

Paracentric inversions Deletions Rings He ions, E=100 MeV/u. Panel B. Number of DSBs as a (linear) function of dose for gamma rays. Panel C. The number of
- ' simple exchanges as a (linear-quadratic) function of dose for He ions, E=100 MeV/u. Panel D. The number of exchanges as
- a (linear-quadratic) function of dose for gamma rays.
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Observation of the UTMB scientists: . a - | : | .
* Specifictypes: o Acentric rings are deletions ) - ) )
Deletions, o Banding is less than ideal for studying } wwy LY
Terminal inversions | o | mma | | I ,
Deletions, ° Whole genome sequencing yet to o s 10 15 200 20 30 0001 001 01 j 10 100 0001 1 10 100
Inversions, prove useful panel A. Baseline simulation, D=0 Gy. The baseline f (ize PO.F. (probability density function] for hu
Translocations, Strand-specific FISH is robust for .ane . Base |.ne simulation, D=0 Gy. The baseline fragment-size P.D.F. (proba .| |ty. ermty unct!on) or | uman |
) : : : : fibroblasts, Fe ions, E = 1,000 MeV/u, at D=0 Gy. It shows no fragments due to irradiation; the spikes beginning with 50
Current physical resolution: Exchanges, inversion detection . . . .

) : : ~ Mbp (Y chromosome) correspond to intact chromosomes. Panel B. Fragment-size P.D.F. for a simulated nucleus irradiated
genome-wide ~ 1 Mb Dicentrics, o 1 Mb (500 BDSTRACKS monomers) . . . _ ,
theoretical < 6 kb Rings for whole genome “discovery” with 0.2 Gy of 1,000 MeV/u Fe particles, using the amorphous track model and the stochastic track model. The stochastic

o < 6 kb (3 BDSTRACKS monomers) for algorithm produces a larger yield of fragments smaller than 100 kbp. Panel C. Fragment-size P.D.F. for a simulated nucleus

irradiated with 0.4 Gy of 1,000 MeV/u Fe particles, using the amorphous track model and the stochastic track model. The

recurrent or “targeted” applications . . _ ) _
stochastic algorithm produces a larger yield of smaller fragments (<100 kbp) and slightly fewer larger-sized fragments. The

o Strand-Specific FISH has other uses . o ) . .
spikes beginning with 50 Mbp (Y chromosome) correspond to intact chromosomes, which are also counted as fragments.
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