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Major genomic projects – 1000 Genomes Project

The first project that sequenced whole genomes of a large cohort of people 
aiming to find most genetic variants with frequencies of at least 1% in the 
populations studied.

Launched at the Wellcome Genome Campus in 2007, it was completed by 2015.

>100 contributors from several institutes, corresponding Author: Gil A. McVean 

The final data set contains data for 2'504 individuals from 26 populations. The data is free for download provided it is 
properly cited. The 1000 Genomes Project also developed guidelines on ethical considerations for investigators collecting 
the samples. 



  

Major genomic projects – HapMap

Started in 2002, the International HapMap Project was a world-wide 
collaboration of different academic centres and private companies that aimed 
to develop a haplotype map (HapMap) of the human genome, to:

   -  describe the common patterns of human genetic variation
   -  find genes and genetic variations that affect health and disease
   -  study the genetic factors contributing to variation in response to 
      environmental factors, in susceptibility to infection, and in the
      effectiveness of and adverse responses to drugs and vaccines.

Although being considered a stepping stone for the 1000 Genomes Project, it 
has now become obsolete and the NCBI decided to withdraw it last year:



  

Major genomic projects – UK10K

The UK10K project aimed to help uncover rare variants contributing to disease by studying the genetic code of 
10'000 people at an order of magnitude deeper than the 1000 Genomes Project. In particular, the consortium 
performed:

  - Whole genome sequencing of 4'000 people whose physical characteristics are well documented, trying to 
identify those changes that have no discernible effect and those that may be linked to a particular disease

  - Exome sequencing of 6'000 people with extreme health problems, in order to study the changes within 
protein-coding areas of DNA that tell the body how to make proteins  and comparing them with the first group

The project started in 2010 to provide a genotype/phenotype open access resource to all researchers.



  

Major genomic projects – The 100'000 Genomes Project



  

Major genomic projects – WGS500



  

Major genomic projects – ExAC



  

Major genomic projects – gnomAD



  

Major genomic projects – POBI



  

Major genomic projects – TCGA (ICGC)

TCGA is the biggest component of the 
International Cancer Genome 
Consortium (ICGC), a collaboration of 
scientists from 16 nations that has 
discovered nearly 10 million cancer-
related mutations.



  

Recent advances in sequencing technology

The sequencing cost has significantly dropped during the last decade, with a 10'000-fold reduction that 
made it possible to reach the target of sequencing a human genome for USD $ 1'000 (announced by 
Illumina in 2014, through the HiSeq X Ten machine), thus marking the beginning of a new era of 
personalized medicine.

Sequencing costs, 
particularly after 2008, did not 
decrease proportionally to the 
capacity of the hardware 
used for sequencing, as 
stated by Moore’s Law. 

This was due, mostly, thanks 
to the introduction of new 
generation sequencing (NGS) 
techniques, a revolution 
compared to the traditional 
Sanger sequencing.



  

The timeline of DNA reading capacity per platform

Garrido-Cardenas et al. Sensors 2017 Mar 14;17(3). pii: E588.
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Technology targets (adapted from K. Kassahn's slides) 

● Sequencing cost

● DNA input material

● Workflow duration

● Platform size

● Sequencing accuracy

● Read length

● Detection of DNA base 
modifications

● Single-molecule sequencing 
(→ less PCR cycles)

Key concepts: 

- miniaturisation 
- parallelisation
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Genetic variation – types of mutations

The nucleus of a human somatic cell contains:

● 22 autosomal pairs + 1 pair of sex chromosomes (XX or XY) 
● One set of chromosomes inherited from each parent
● Multiple copies of mitochondrial circular DNA from the mother

Somatic mutation

● Not inherited from the parents
● Present only in a portion of the organism
● Acquired from spontaneous mutations during DNA 

replication (mitosis), environmental factors (e.g. 
chemicals, UV or X-rays)

● Can result in cancer

Germline mutation

● Inherited from the parents
● Present in every cell of the organism
● If a mutant sex cell participates in 

fertilization, the mutation is passed to the 
offspring

Polymorphisms

● SNP: Single Nucleotide Polymorphism, found at a frequency of 1% or higher in the population (1 in 
every 300 bp, ~10 millions in the human genome)

● CNP: Copy Number Polymorphism, structural change in the # of copies of a part of a chromosome

Types of variants

● Indel: small (1bp – 1kb) insertion or deletion
● SNP: 1bp mutation (does not cause a frameshift) 
● Structural variant: large (> 1kb) variant; e.g.: inversions, translocations, copy number variants (CNVs)



  

Genetic variation – genotype and haplotype

Genotype: single or multiple traits inherited together from the parents at a particular locus. 
                  The genotype determines a specific characteristic (phenotype) of a given cell /
                  organism / individual, and is one of three factors that determine the phenotype  
                  (the other two being inherited epigenetic factors, and non-inherited environmental factors).

Haplotype: set of DNA variations (SNPs or STRs) that are usually inherited together from a single parent,
                   being located on the same chromosome. The alleles making up a haplotype can be located in
                   different places on the chromosome.

Haplogroup: the SNPs that represent the clade (= set of people sharing a common ancestor) to which a 
                      collection of particular human haplotypes belong. The most commonly studied ones are Y-
                      chromosome (Y-DNA) haplogroups and mitochondrial DNA (mtDNA) haplogroups, both of 
                      which can be used to define genetic populations and human migrations.



  

Genetic variation – downstream effects

Variants can have different effects on the adjacent or overlapping transcripts. 

Ensembl classifies variants based on their impact in four categories:

HIGH: The variant is assumed to have high (disruptive) impact in the protein, probably causing protein truncation, loss 
of function or triggering nonsense mediated decay.

MODERATE: A non-disruptive variant that might change protein effectiveness.

LOW: Assumed to be mostly harmless or unlikely to change protein behaviour.

MODIFIER: Usually non-coding variants or variants affecting non-coding genes, where predictions are difficult or there 
is no evidence of impact.



  

Incidental findings (1)

“In clinical exome and genome sequencing, there is a potential for the recognition and reporting of 
incidental or secondary findings unrelated to the indication for ordering the sequencing but of medical 
value for patient care.”



  

Incidental findings (2)

Primary finding = “pathogenic alterations in a gene relevant to 
                                the diagnostic indication for which the 
                                sequencing was ordered.”

Incidental finding = unexpected positive (secondary) findings, 
                                  namely “pathogenic or likely pathogenic 
                                  alterations in genes that are not apparently 
                                  relevant to a diagnostic indication for which
                                  the sequencing test was ordered.”

(…)                    (…)       (…)        (…)        (…)          (…)    (…)        (...)

NOTE: KP means known pathogenic, EP means expected pathogenic

 (...)

 (...)

 (...)



  

Variant sequencing techniques

Depending on the aim (and funds!),
different types of DNA sequencing 
can be chosen:

● whole-genome
● exome
● targeted panel

The amount of generated data
can range from a few MB to 
several hundreds of GB!

Sequencing depth also plays an important 
role in identifying mutations.

For example, for 
cancer samples, it 
is recommended 
to use a coverage 
>= 100X.

Targeted panel < l%

Adapted from:



  

Variant analysis workflow scheme – overview

Genomic DNA extraction from sample

Library preparation:
 

● fragmentation
● end-repair and A-tailing
● adapter ligation
● PCR amplification

[ for exome: target capture enrichment ]

Template preparation

>
>

>
>

De-multiplexing

Sequencing

Base calling

>

Quality control

>

Adapter trimming, lane merging

Read mapping to ref. genome

Read deduplication
>

Variant calling

>

Variant annotation

>

Variant filtering (prioritisation)

>
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Visual inspection (e.g. IGV)

Confirmation by:

● Sanger sequencing
● MLPA (Multiplex Ligation-dependent Probe 

Amplification, a multiplex PCR method 
detecting copy numbers at 1bp resolution)
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Variant analysis workflow scheme – DNA extraction

Genomic DNA extraction from sample
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Variant analysis workflow scheme – library preparation

Genomic DNA extraction from sample

Library preparation:
 

● fragmentation
● end-repair and A-tailing
● adapter ligation
● PCR amplification

>

1.
 W

et
 la

b



  

Variant analysis workflow scheme – target capture

Genomic DNA extraction from sample

Library preparation:
 

● fragmentation
● end-repair and A-tailing
● adapter ligation
● PCR amplification

[ for exome: target capture enrichment ]

>
>
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Variant analysis workflow scheme – template preparation

Genomic DNA extraction from sample

Library preparation:
 

● fragmentation
● end-repair and A-tailing
● adapter ligation
● PCR amplification

[ for exome: target capture enrichment ]

Template preparation

>
>

>
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Illumina's strategy: read clusters formation by bridge amplification



  

Variant analysis workflow scheme – sequencing strategies

Genomic DNA extraction from sample

Library preparation:
 

● fragmentation
● end-repair and A-tailing
● adapter ligation
● PCR amplification

[ for exome: target capture enrichment ]

Template preparation

>
>

>
>

Sequencing
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Seq-by-Scan (e.g. Nanopore)

Seq-by-Syn (e.g. Illumina, PacBio, IonTorrent)

       Detecting:          fluorescence           pH



  

Variant analysis workflow scheme – base calling and BCL file format

Genomic DNA extraction from sample

Library preparation:
 

● fragmentation
● end-repair and A-tailing
● adapter ligation
● PCR amplification

[ for exome: target capture enrichment ]

Template preparation

>
>

>
>

Sequencing

Base calling
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This information gets written 
“on the fly” (as opposed to 
waiting until the run is over 
and calling bases for the 
entire read) into BCL files 
(“.bcl”), binary files containing 
base calls and qualities for 
each flowcell's tile in each 
cycle.



  

Variant analysis workflow scheme – de-multiplexing

Genomic DNA extraction from sample

Library preparation:
 

● fragmentation
● end-repair and A-tailing
● adapter ligation
● PCR amplification

[ for exome: target capture enrichment ]

Template preparation

>
>

>
>

De-multiplexing

Sequencing

Base calling

>
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pooled
FASTQ

FASTQ
sample 1

FASTQ
sample 2

FASTQ
sample N[...]



  

Variant analysis workflow scheme – FASTQ file format

Genomic DNA extraction from sample

Library preparation:
 

● fragmentation
● end-repair and A-tailing
● adapter ligation
● PCR amplification

[ for exome: target capture enrichment ]

Template preparation

>
>

>
>

De-multiplexing

Sequencing

Base calling

>
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The FASTQ format is a text-based file format to store both biological 
sequences (DNA or RNA) and their corresponding quality scores. It is 
usually generated from a BCL file. Both the sequence letter and the 
quality score are encoded with a single ASCII character for brevity. A 
FASTQ file normally uses four lines per sequence:

● Line 1 begins with a '@' character and is followed by a sequence identifier and an optional 
description

● Line 2 is the raw sequence letters
● Line 3 begins with a '+' character and is optionally followed by the same sequence identifier 

(and any description)
● Line 4 encodes the quality values for the sequence in Line 2 (therefore must be as long as 

Line 2).

Example of a FASTQ file containing a single sequence read:

  @SEQ_ID
  GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
  +
  !''*((((***+))%%%++)(%%%%).1***­+*''))**55CCF>>>>>>CCCCCCC65

Here are the quality value characters in left-to-right increasing order 
of quality (ASCII):

  !"#$%&'()*+,­./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ      
[\]^_`abcdefghijklmnopqrstuvwxyz{|}~

E.g. Python code to convert ASCII to number and viceversa:

  >>> ord("%")
  37
  >>> chr(37)
  '%'

mailto:?@ABCDEFGHIJKLMNOPQRSTUVWXYZ


  

Variant analysis workflow scheme – quality control

Genomic DNA extraction from sample

Library preparation:
 

● fragmentation
● end-repair and A-tailing
● adapter ligation
● PCR amplification

[ for exome: target capture enrichment ]

Template preparation

>
>

>
>

De-multiplexing

Sequencing

Base calling

>

Quality control

>
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It is useful to have a look at the overall quality of the reads before 
and after trimming, e.g. using FastQC :
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