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OVERALL GOALS 
 

 

 

- characterization of the whole spectrum of genomic/genetic alterations  

  within single tumors and across tumor types 
 

- discrimination btw relevant and irrelevant mutations (drivers vs passengers) 
 

- identification of prominent pathways involved in cancer 
 

- identification of patterns that underpin specific cancer phenotypes  

   (clonal evolution, histology, aggressiveness, resistance/sensitivity to therapies …)  

 

- identification of potentially “actionable” molecules  and mutation moieties 
 

- pave the way to individualized treatments  

   based on the genetic portrait of tumor and patient 

Cancer Genome Consortia 



Cycle of  

personalized  

cancer medicine  

Genetic/genomic/epigenetic 

 profile 
Patient risk stratification 

Personalized treatment 

Further investigations 

Improved diagnostic, prognostic 

therapeutic, monitoring approaches 
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Reads 

TACGTT…………TGCAT 

GGTACG…………ATGCA 

GGTACG…………ATGCA 

AAGTAA…………TATTT 

TACGTT…………TGCAT 

GGATTA…………ATTAG       TGAACCT………TGGATA 
ACTATGT…………CAAAT 

TGACTA………  GACTAT 

AGACTAT………  GCAAA 

TAGACT………..TATGTG 

GACTAT….…….GCAAA 

GACTAG………GACTAT 

ACTATGT…….…CAAAT 

TAGACT………..TATGTG 

   GCGGAT………GGATTA GATGAA………..TATGG 

                CCTTGTA……….TAGATA 

       TGAACCT……..TGGATA 

                CCTTGTA………TAGATA 

ATGACT………  ACTATT 

              TGTGTG…………TGTTTT 



Example of NGS analysis pipeline for mutation detection, From GATK pipeline, Broad Inst 

Bioinformagician… 
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Reaction occurs in solution 

 

Each DNA template is 

sequenced individually 

 

Long read lenght (~ 1kb) 
 

Low throughtput 

 

Limited sensitivity  

(max 20%) 

 

Qualitative 

Small-size abnormalities 

 

  

 

High costs for large-scale projects 

Lower costs for small projects 

 

Reaction occurs on solid-phase 

 

Thousands of DNA temples are  

sequenced in parallel 

 

Short read length (e.g. ~200 pb) 
 

High throughtput 

 

High sensitivity   

(depends on coverage) 

 

Quali/Quantitative 

Multiple types of abnormalities   

(SNV, InDels, CNV,  Gene fusions, Translocations/Inversions,  

Transcriptome, Pathogen genomes) 

 

“Low” costs for large-scale projects 

Higher costs for small projects 

 

SEQUENCING 

 

 

       First generation              Second generation        .   



MPS Applications 

Shendure  J & Lieberman Aiden E, Nature Biotechnology  (2012) 30:1084–1094  

Figure form Ding L et al. , Hum. Mol. Genet. (2010) 9:R 188-196  



Major MPS Applications 

NGS rule of thumb   Breath x Depth = Cost 
 

     ‘Complexity’ x ‘Accuracy’ = Cost 

Genome 

 

Structural variants 

Pont mutations/InDels 

CNV 

Exome  
(protein-coding regions) 

 
Point mutations/InDels 

CNV 

Transcriptome 

 
Gene expression 

Gene fusions 

Splice variants 

Selected list  

of genes/hot-spots 

 

Point mutations/InDels 

CNV 

Whole genome-seq Whole exome-seq RNA-seq Target-seq 

Breath 



Approach Advantages Disadvantages 

Whole genome-Seq 
 
 

1x diploid genome 
6x109 bp 

Comprehensive landscape of whole genome alterations 

Any type of genomic alteration: 

- Qualitative (chromosome rearrangements, somatic mutations in coding 

and non-coding regions,  active retrotrasposons,  pathogen genomes) 

- Quantitative (gain /loss) 

Expensive.. 

.. hence usually done at low/medium coverage to get 
a general picture (at the expence of accuracy) 

Huge amount of data to deal with, difficult to 
interpret 

Risk of incidental findings (ethical issues) 

Whole exome-Seq 
 
 

1x exome  
60x106 bp 

 

Cost effective 

Good sensitivity (high coverage) 

Small datasets, easier to interpret 

Gene alterations (SNV, InsDel) within the coding regions 

Covers only 1% of the genome 

Uneven capture efficiency across exons                                 
(may miss alterations) 

Off-target hybridizations 

Miss most fusion genes 

Risk of incidental findings (ethical issues) 

RNA-Seq 
ncRNA-Seq 
 
 

Millions of reads 

Cost effective 

- Qualitative (Fusion transcripts, Isoforms, RNA editing) and 

- Quantitative (mRNA and ncRNA expression levels)                         
Compared to Microarray: wider dinamic range; no dependent on known gene 
sequence; free of hybridization artifacts 

Small datasets  

Coverage dependends on expression levels 

Miss alterations in low-copy transcripts (low coverage) 

The inbalance in the representation of different     
mRNAs makes it hard the call of mutations 

Targeted-seq 
 
 

A priori selected list of 
genes/mutations 

  
Variable length 

Cost effective 

Mostly used to detect Point mutations/InDels/CNV 

Useful for diagnostics and NGS data validation 

Very small dataset, easy to interpret 

Very high sensitivity at high coverage 

Results are often actionable/Personalized medicine 

Miss alterations outside the targeted regions 

A priori knowledge of the genes/mutations of 
interest 



The power of NGS analyses 

Image from Ding L et al. Hum. Mol. Genet. 2010;19:R188-R196 



So far so good… 

 

…but cancer is not a “simple” genetic disorder… 



Genetics 
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Reference sequence 

Chromosome 1  

8/8 reads C  

(100% C) 

4/8 reads C, 4/8 reads A  

(50% C, 50%A) 

8/8 reads A  

(100% A) 
8X coverage 

Homozygous C          Heterozygous A/C       Homozygous A 



- Purity 

- Clonality 

- Aneuploidy & Rearrangments  

- Sample quantity & quality 

ANALYSIS OF TUMOR SAMPLES:  

ISSUES  



Purity 

Contaminantion by non-tumoral cells affects the ability to detect mutations 

Example:  an heterozygous mutation in a tumor sample 70% pure (30% non-tumoral cells) will be detectable in 35% of the reads 

ANALYSIS OF TUMOR SAMPLES:  

ISSUES  

10 cells, 2 alleles per cells (20 alleles total) 

7 tumor cells    (T)   Aa 

3 normal cells  (N)   AA 

 

A= 7 from T +(3+3) from N = 13/20 alleles are A 

a = 7 from T + 0 from N      =   7/20 alleles are a 

The actual allelic frequency of a in the sample will be 7/20= 35%  

A 

A A

A 

A

A 



Clonality 

Tumors may be highly heterogeneous 

ANALYSIS OF TUMOR SAMPLES:  

ISSUES  



The “polyclonal” evolution of cancer 

Passenger mutation 

Driver mutation 

Passenger mutation  
co-selected  

with driver mutation 

New driver mutation New driver mutation Passenger mutation  
co-selected  

with driver mutation 

      Driver mutation 
Causally implicated in cancer.  
It confers growth advantage to tumor cells, 
therefore undergoes positive selection 

     Passenger mutation 
No role in cancer 
No relevant impact on tumor cell growth or survival.  
May be selected as a result of a bystander effect 

New driver mutation 
associated with  

malignant progression 



Modified from: Chmielecki J & Meyerson M. (2014)  

DNA sequencing of cancer: what have we learned? Ann Rev Med. 65:63-79 
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Somatic mutation frequency in cancer 
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Somatic vs Germline (comparison with normal matched samples) 

Drivers vs Passengers 

Functional validation of candidate driver mutations 

ANALYSIS OF TUMOR SAMPLES:  

ISSUES  



Aneuploidy & Rearrangments 

Tumors are genetically unbalanced and rearranged 

Alignment to the reference genome may be challening 

ANALYSIS OF TUMOR SAMPLES:  

ISSUES  



Sample quantity & quality (FFPE) 

ANALYSIS OF TUMOR SAMPLES:  

ISSUES  



Purity 

Clonality 

Aneuploidy & Rearrangments  

Sample quantity & quality 

 

Intrinsic error rate of the technology  

Limits of bioinformatic tools 

ANALYSIS OF TUMOR SAMPLES:  

ISSUES  





Cibulskis et al. Sensitive detection of somatic point mutations  in impure and heterogeneous cancer samples. Nat Biotechnol. (2013) , 3:213-9. 

70%  
tumor cells 

Coverage depth 8X 

100%  
tumor cells 



Cibulskis, K et al., Sensitive detection of somatic point mutations in impure and heterogeneous cancer samples 

Nature Biotechnology (2013) 31, 213–219 

             f = 0.4                  f = 0.2                     f = 0.1   f = 0.05 

Coverage of  ~500X is required to detect mutations carried by a subclone representing ~ 1% of the tumor 

Sensitivity of mutation detection  
as a function of sequencing depth  

and mutated allele frequency (f)  



ANALYSIS OF TUMOR SAMPLES:  

ISSUES  

 Need of validation of mutation 

Orthogonal approaches (Sanger, Pyroseq, ASO, others) 

          Interrogation of large cohorts 

Higher coverage and  

Dedicated Bioinformatic tools 



The power of NGS analyses 

Modified from Ding L et al. Hum. Mol. Genet. 2010;19:R188-R196 



NGS and Sarcomas 
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NGS rule of thumb 
 

Breath x Depth = Cost 
‘complexity’ x ‘accuracy’ =  cost 
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TARGETED SEQUENCING 

Accurate, fast and cost-effective analysis  

of a selected set  

of clinically actionable mutations 
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Cycle of  

personalized  

cancer medicine  

Genetic/genomic/epigenetic 

 investigations 
Increased knowledge 

 

Hypotheses for  

Patient risk stratification 

Validation/Exploitation 

Personalized medicine 
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New technologies may be upsetting…. 





These technologies will become part of histopathology practice and will 

augment microscopy, either directly or indirectly, through the incorporation of 

novel sequencing-based diagnostics into routine pathology practice 


