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Basics of cancer genomics: genomic sequencing data and 
somatic mutations identification

Exploring and obtaining tumor mutation data from cBioPortal

Characterization of the patterns of mutations in cancer
Mutational matrix generation using Maftools

Exploration of the biological processes generating mutations in 
different cancer types

Mutational signature analysis using MutationalPatterns
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Helleday et al. 2014 Nature Reviews Genetics

The mutational profile of a cancer patient is a mix of different 
processes characterized by specific mutational signatures



The final cancer genome represents an archaeological record of 
the effect of the different mutagenic and DNA repair processes
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Mutational signatures can be determined based on 
mutational profiles across a set of individuals
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Nik-Zainal et al. 2012 Cell

Mutational signatures can be determined based on 
mutational profiles across a set of individuals

Now need a mathematical approach to answer:
What are the mutational signatures that make up my set 

of mutational profiles?



Mathematical models allows the un-mixing
and the extraction of mutational signatures

Blind signal separation problem

Non-negative matrix factorization
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Lee & Seung 1999 Nature

Mathematical models allows the un-mixing
and the extraction of mutational signatures
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Baez-Ortega & Gori 2019 Briefings in Bioinformatics

Mathematical models allows the un-mixing
and the extraction of mutational signatures
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Alexandrov et al. 2013 Nature

Reference mutational signatures have been
extracted from thousands of samples

v1 (August 2013)

• 21 SBS signatures



Alexandrov et al. 2015 Nature Genetics |  Nik-Zainal et al. 2016 Nature

Reference mutational signatures have been
extracted from thousands of samples

v1 (August 2013)

• 21 SBS signatures

v2 (March 2015)

• 30 SBS signatures



Alexandrov et al. 2020 Nature

Reference mutational signatures have been
extracted from thousands of samples

v3 (May 2019)

• 67 SBS signatures

• 11 DBS signatures

• 17 ID signatures



Tate et al. 2019 Nucleic Acids Research

Reference mutational signatures have been
extracted from thousands of samples

Current set (v3.3)

• 78 SBS signatures

• 11 DBS signatures

• 18 ID signatures

• 21 CN signatures

https://cancer.sanger.ac.
uk/signatures/

https://cancer.sanger.ac.uk/signatures/
https://cancer.sanger.ac.uk/signatures/


Goncearenco et al. 2017 Nucleic Acids Research

Reference mutational signatures have been
extracted from thousands of samples

Other reference databases exist that include different variant classes

https://www.ncbi.nlm.nih.gov/research/mutagene/ https://signal.mutationalsignatures.com/

|  Degasperi et al. 2020 Nature Cancer  |  Degasperi et al. 2022 Science

https://www.ncbi.nlm.nih.gov/research/mutagene/
https://signal.mutationalsignatures.com/


Reference mutational signatures
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Overview of mutational signature assignment analysis
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Assigning reference signatures to individual samples
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Assigning reference signatures to individual samples



Grolleman et al. 2019 Cancer Cell

Mutational signature analysis marked a turning point
in cancer diagnosis, prognosis and treatment

|  Davies et al. 2017 Nature Medicine



• Different mutational processes generate somatic mutations, including 
endogenous and exogenous sources

• The pattern of mutations imprinted by a particular mutational process is known 
as mutational signature

• Reference mutational signatures have been identified and deposited in COSMIC 
after the analysis of thousands of cancer samples

• Leveraging these reference signatures, the contributions of the different 
mutational processes to a given tumor can be quantified

• Mutational signatures can be used clinically as biomarkers for cancer prevention, 
prognosis and treatment

Summary



How do you know mutational signature etiologies?



Signature SBS4 is likely due to tobacco smoking



Lung adenocarcinoma Lung squamous carcinoma

Low grade glioma Breast cancer

Smoking induced 
cancer types

Non-smoking 
induced cancers

Contributions of mutational signatures to smoking induced 
and non-smoking induced cancer types
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Tobacco smokers Life-long non-smokers

Contributions of mutational signatures to
lung adenocarcinomas
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Signature 4 extracted from 
human cancers 

Signature of benz[a]pyrene
exposure in vitro

The mutational signature of in vitro benzo[a]pyrene exposure 
is similar to signature 4
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Identified only in cancer types epidemiologically known to be caused 
by tobacco smoking

ighly enriched in tobacco smokers when compared to tobacco non-
smokers

attern matches in vitro experimental results in which cells were 
exposed to tobacco carcinogens 

Evidence for the aetiology of signature 4
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Identified only in cancer types epidemiologically known to be caused 
by tobacco smoking

Highly enriched in tobacco smokers when compared to tobacco non-
smokers

The pattern of signature 4 matches in vitro experimental results in 
which cells were exposed to known tobacco carcinogens 

Evidence for the aetiology of signature 4



Clinical examples



Putative Driver Mutations

Azathioprine, sold under the brand name Imuran among others, is an immunosuppressive medication.
Azathioprine is on the World Health Organization's List of Essential Medicines, the most effective and safe
medicines needed in a health system. Epidemiological studies by International Agency for Research on Cancer have
provided "sufficient" evidence of azathioprine carcinogenicity in humans (Group 1), although the methodology of
past studies and the possible underlying mechanisms are questioned.

Azathioprine MEF

Inman et al. 2018 Nature Communications

(Somewhat) unexpected carcinogens: Azathioprine



B-Cell ALL
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UV-light high confidence cancer types:
• Basal Cell Carcinoma
• Squamous cell carcinoma
• Cutaneous melanoma (NOT in uveal melanoma)
• Lip cancer (H&N)
• B-cell ALL (childhood)
• Sarcomas (adulthood)
• Squamous cell lung carcinoma (all melanoma

metastasis)

Similarity extends to strand bias, dinucleotide, and indel patterns. Confirmed in three other cohorts.
Signature found only in white Caucasian children. Much lower mutation burden compared to skin cancer.

Ma et al. 2018 Nature

Known carcinogen in unexpected cancer types: UV-light



Ng et al. 2017 Science Translational Medicine

Quantification of known carcinogens in suspected cancer types
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