
Analysis of 3D Localization of 
APOBEC-induced Mutations in the 

Cell Nucleus Using Hi-C Data
Marat Kazanov, Skolkovo Institute of Science and Technology

XXIX Symposium on Bioinformatics and Computer-Aided Drug Discovery, 2023





APOBEC implicated in cancer mutagenesis

DNA replication Non-canonical DNA structures

Some single-stranded DNA sources

M.D. Kazanov et al., Cell Reports, 2016

Transcription (R-loops)

V.B. Seplyarskiy et al., Genome Res., 2016
A.A. Chervova et al., NAR Cancer, 2021

G.V.Ponomarev et al., iScience, 2022



APOBEC specificity

from Sui et al., PNAS, 2020 from Law et al, JEM, 2020



APOBEC mutational signature

from Nik-Zainal et al., Nature Genetics, 2014



APOBEC mutagenesis occurs in episodic bursts

from Petljak et al., Cell, 2023



APOBEC associated with drug resistance to anticancer therapy



Clusters of APOBEC mutations (kataegis)



• Analyze 3D distribution of the APOBEC-induced mutations inside the 
cell nucleus using 3D chromatin models and mutational data from 
cancer samples

Project aim



What is Hi-C data?

from Lieberman-Aiden et al, Science, 2012



Methods

• Data:      Somatic mutations                 3D chromatin organization

• APOBEC-induced mutation density:
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• Estimation of APOBEC activity in a cancer sample:
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(Roberts, Gordenin, et al. 2012-2021)



• Mutational data from PCAWG project: six cancer types known for 

APOBEC activity were considered: 

• breast invasive carcinoma (BRCA), 

• lung adenocarcinoma (LUAD), 

• lung squamous cell carcinoma (LUSC), 

• head and neck squamous cell carcinoma (HNSC), 

• cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), 

bladder urothelial carcinoma (BLCA), 

• esophageal carcinoma (ESCA).

• Samples with high APOBEC activity were selected using enrichment 

metric (APOBEC enrichment > 2.0)

• 1D mutational clusters of APOBEC-induced mutations were detected 

and excluded from the analysis

Methods



3D genome structural models from Hi-C data



• 3D model allows to calculate distance between pair of mutations:

• We estimated tendency of mutations to form clusters in 3D using 
Hopkins statistic:

Methods



Results

Adapted from P.E. Garcia-Nieto, The EMBO journal 36, 2017



Results
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