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MOTIVATION AND OBJECTIVES

® |onizing radiation induces DNA damage, which have been shown to leave a distinct mutational signature on the P
DNA after repair mechanisms have run their course. These signature include base-substitutions, insertion- - &
deletions, balanced inversions and chromosome aberrations. [1][2][3]

® The Kildea Lab employs a Monte Carlo simulation pipeline using TOPAS and its extension, TOPAS-nBio, to predict [ nucearona

DNA double strand breaks caused by high-energy particles. [4][5] The DNA damage is then sequenced with
RadiSeq, a sequencing simulator built in the lab. [6]
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® However, the current pipeline does not include the repair of DNA damage. | A

® This project aims to integrate a DNA repair model, Medras-MC, before the genome is subjected to sequencing. [7] S

® Medras-MC, in its base version, only outputs post-repair statistics. In this project, we modified it to output Kildea lab’s nuclear DNA model,
the post-repair genome containing structural variants. built in TOPAS-nBio.

Image credit: James Manalad [5]

m m— ® |n this work, a double-strand break (DSB) is defined as two or more DNA backbone lesions occurring on
D NA DOU ble separate strands of the DNA within 10 base-pairs (bp) distance.
Stra nd Brea k w m ® When a DSB occurs, the chromatin can be cleaved into two pieces, resulting in mutation, carcinogenesis, or
Double-strand break Il death
(DSB) cell death.

Im redit: [5]
98 ® When the broken ends of DNA fragments are not rejoined with

Error-free Insertion | their original pair, a structural variant (SV) can occur.
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ariants ( S) ® Some SVs may lead to formation of lethal chromosome aberrations,
1 124 3 1 4 | 1 Y24 3 1 4 1 Repair such as dicentrics and acentric fragments. Their presence disturbs
‘ Repair lﬁepair 13| cell mitosis and may cause massive loss of genetic information.
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Acentric fragment + Ring ® This project aims to create a file format capable of storing complex

SVs that can be later mapped to a genome for sequencing.

METHODS

® The DNA damages in DSBs from existing TOPAS-nBio DNA damage simulations are TOPAS-nBio : :
recorded in the Standard DNA Damage (SDD) file Format. [8] The DNA damages are then B0000500000000 DNA repair using
used to perform DNA repair with the Python software package Mechanistic DNA Repair DNA damage AL MEDRAS-MC
and Survival (Medras-MCQ). [7] induction =»  Double-strand break >

® Medras-MC rejoins all unpaired DSB ends across every chromosome and reconstructs the
post-repair chromosomes as an intermediate step for its statistical calculations. In this

project, the code was modified to pass the repaired DNA strands to a file making extension. S DNA sequencing Existing pipeline
® The file stores the repaired DNA strands in a novel Standard DNA Repair (SDR) file that is SOR with RadiSeq —> | This project
inspired from the SDD Ffile fFormat.

RESULTS

Author: Zhenlun Dai
® Asingle SDR file can store multiple cells.  In each fragment, there is Master | | Author | sl b I siintaithe s el
information on: header | | Associated SDD file name 121.3, 113.8, 106.9, 94.7, 83.5, 81.8, 68.0, 66.6, S
® The SDR file has a master header for ® The intact strand’s ID where Intact chromosome sizes h2oaay SN ARS8 95,4308y (AR =21 402201 208
infFormation common to all cells. the fragment came from ***end of master header***
Ol'iginallY- ***subheader - cell 1%**
® A separate per-cell header exists to Cell 1 Cell ID :  Cell ID: 1
: : : : : .. i Damaged Chromosome Sizes: {47: 149.75081461527725, 4
hlgbllght Ipformatlon unique to the ® The start position on the header | [Damaged chromosome sizes 7.36966824774754e-05, 51: 2.2564984537914654}
cell's repair results. intact strand. Intact strands ID ;gta; S:gang; ID: [gi L, 245 3,4 5, 6, 7, 8, 9, 16
Medras-MC output lo Medras-MC Log: ['©', ‘47°, ‘@', '43', '9' ‘a'. ‘g’
® A cell's data section stores the post E 9 S ' D
reDaIr DNA Strands that wWere T:e ec?d pOSItlon on the IntaCt C ” 1 I d DNA t d 1 ; 0 33?67}836?;:;8/13422808657/8Q 36845702014217/0; ©;
incorrectly repaired. >trand. Ce” 1 € repalre stran e; 48; 7/111.47325367899996/111.a733144786729:3/e: 7/
data & 111.473?5367896996/9, 7/111.47281426244076/111.47281
® Each DNA strand is made of fragments ® If 3 centromere exists in this Cell 1 repalred DNA strand 2 @; 49; 7/71.65495272511848/71.65343549466824/0, 7/71

71.65343549466824/@, 7/71.8713584271327/71.871316972
From the intact DNA strands. fragment. ©: 50: 4/0/70.20679426647001/0, 4/70.2072582300885/7

An example SDR file. The syntax was inspired by the SDD Ffile format.
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® By identifying these misrepairs, this project aims to find DNA inversions, e B o D st ot Rt Roseaton oy g «+ KoY. - . Merchant, M. J. et al. (2016). A new
insertions and deletions, as well as inter-chromosome misrepairs.

. . , . o ACKNOWLEDGEMENTS
® This work seeks to contribute to our lab’s overarching goal of identifying a

genomic biomarker of exposure to ionizing radiation using single-cell sequencing, The authors would like to thank the members of the NICE-ROKS team of
providing preliminary mutation and translocation information before investing in the Kildea Lab for their insights and assistance.
. . . Santé
eXpenSIVG SequenC|ng kItS. et Services sociaux NSERC Centre: gr]inrsiFaire @ McGill Univefsity w .
Québec crsnG e W can R Vc(Gll

For questions, please contact: zhenlun.dai@mail.mcgill.ca




	Slide 1

