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MASSIVELY PARALLEL SEQUENCING 

Part I: What’s all the fuss about? 
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Sequencing 
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Substitutions Indels Rearrangements 
Copy number 
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• Data processing 
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Limitations 

• DNA  
– Quality of DNA (Fresh frozen, FFPE) 

– Ploidy of DNA  

– Normal cell “contamination” 

 

• Sequencing 
– Variation in coverage 

– Systematic sequencing artefacts 

 

• Reference genome 
– Poorly-defined parts of the genome 

– Repeats 

 

• Mutation-calling 
– Sensitivity 

– Specificity 
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Sequencing 

Alignment 

Calling mutations 

Substitutions Indels Rearrangements 
Copy number 
aberrations 

Post-processing and validation 

Final high-quality dataset 

Bioinformatics 
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Summary I 

• Advances in sequencing chemistry has led to a vast increase in 

scale and speed of sequencing, permitting unprecedented 

access to all parts of the human genome 

 

• This technology is digital, providing quantifiable information for 

every mutation seen 

 

• A huge amount of compute is required for processing and for 

storage of raw data 

 

• A considerable amount of computational expertise is required to 

ensure high quality datasets with high sensitivity and high 

specificity 

 

 

 



DATA ANALYSIS 

Part II: Making the most out of NGS data 
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• Downstream analysis 

• Cancer genes  

• Somatic mutation signatures 

• Cancer evolution 
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• Genomic scenario 

 
• ERBB2 Amplification  

– (Breast Cancer) 
 

• BCR-ABL  
– (CML) 

 
• EGFR  

– (NSCLC) 
 

• EML4-ALK  
– (NSCLC) 

 
• KRAS-negative  

– (colorectal cancer) 
 

• BRAF(V600E)  
– (Metastatic Melanoma) 

• Targeted drug 
 

• Herceptin & Lapatinib 
 

• Imatinib (and others) 
 

• Erlotinib, Gefitinib 
 

• Crizotinib 
 
• Cetuximab 
 
• Vemurafenib 

Downstream analysis: Cancer genes I 
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Total            21 whole-genome sequenced breast cancers 

Somatic substitutions   183,916 

 

Somatic indels         2,869 

 

Somatic rearrangements          1,192 

  

  

 

Nik-Zainal et al, Cell, 2012a 
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Mutation signatures in human cells 
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What is the biological explanation for the mutagenic 
process underlying Signature 2/13? 



• Deamination of cytosine by one of the family of 
AID/APOBEC enzymes? 
 

• The family includes  
AID 
APOBEC1 
APOBEC2 
APOBEC3A-H 
APOBEC4 
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Which member(s) of the family is responsible 
for Signature 2/13? 

AID 
APOBEC1 
APOBEC2 
APOBEC3A 
APOBEC3B  
APOBEC3C 
APOBEC3DE 
APOBEC3F 
APOBEC3G 
APOBEC3G 
APOBEC3H 
APOBEC4 
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unknown 

Mutation signatures of unknown aetiology 



Mutation signatures in breast cancer 



Summary II 

• Modern sequencing technology permits unprecedented access to all parts 
of the human genome 

 

• The enormous datasets that we can now glean through these new 
approaches contain a vast amount of information 

 

• We need to ask questions of these datasets in order to extract maximum 
information from them  

– Ascertain all the “drivers” in a cancer 

– Use all the “passengers” to inform us about cancer biology through mutation signatures 

 



CONSTRUCTING EVOLUTIONARY 
TREES IN HUMAN BREAST CANCER 

PART III 
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68% cells 
Del 13 

100% cells 
26,700 mutations 

10 CN changes 
PIK3CA, TP53, GATA3, 
SMAD4, NCOR1 muts 

 

65% cells 
Del 13 & 

15,600 muts 

18% cells 
11,000 muts 

14% cells 
Loss of 6, 8,  
9, & 21  

Nik-Zainal et al, Cell, 2012b 
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Summary III 

• Exploiting the digital features of NGS technology, we can delve deep 
into the biology of tumours to gain insights into cancer evolution 
 

• Using the totality of base subsitution mutations as well as copy 
number information, we can integrate this data in order to draw up 
phylogenetic structures of each patient’s cancer 
 

• We can identify the main cancer clone as well as subclonal 
populations in cancers.  
 

• Not only can we place cancer genes within the phylogenetic tree of 
individual cancers, we can identify the signatures within different 
parts of a tree structure and examine how those signatures change in 
time 
 

 
 



WHAT DOES THE FUTURE HOLD? 

PART IV 
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Final Summary 

• The increased speed and scale of NGS technology allows the 

collection of vast amounts of genomic information about each 

person’s cancer genome 

 

• Crosstalk between clinicians, biologists and 

mathematicians/statisticians is required in order to extract the 

value-added information that is buried in cancer genomic data 

 

• We need to have an awareness that there are still difficulties in 

processing and analysis data (reproducibility).  

 

• The challenge is to design trials that best use the improved 

ability to stratify patients using genomic information 

 

• Notwithstanding, there is a future to look forward to which is 

altogether more individual to each patient 
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