
GENOMICA APPLICATA
The Human Genome



Intro

 Understanding 
 the organization, 
 variation, 
 and expression of the human genome is 

central to the principles of genomic and 
precision medicine.



 The comparison of individual genomes 
underlies the conclusion that virtually 
every individual has his or her own 
unique constitution of gene 
products



The «chemical 
individuality»



The «chemical 
individuality»



Variation in the human 
genome
 Variation in the human genome has long 

been the cornerstone of the field of 
human genetics, and its study led to the 
establishment of the medical specialty of 
medical genetics.



Genetics or Genomics

 While these terms seem similar, they in 
fact describe quite distinct (though 
frequently overlapping) approaches in 
biology and in medicine.

  Having said that, there are 
inconsistencies in the way the terms are 
used, even by those who work in the 
field. 



Genetics or Genomics

 The field of genetics is the scientific 
study of heredity and of the genes that 
provide the physical, biological, and 
conceptual bases for heredity and 
inheritance. 

 To say that something—a trait, a disease, 
a code, or an information—is “genetic” 
refers to its basis in genes and in DNA.



Genetics or Genomics

 Heredity refers to the familial 
phenomenon whereby traits (including 
clinical traits) are transmitted from 
generation to generation, due to the 
transmission of genes from parent to 
child.



Genetics or Genomics

 Genomics is the scientific study of a 
genome or genomes. 

 A genome is the complete DNA 
sequence, referring to the entire genetic 
information of a gamete, an individual, a 
population, or a species.



Genetics and Genomics



Genetics or Genomics

 “Genomics” gave birth to a series of 
other “-omics” that refer to the 
comprehensive study of the full 
complement of genome products
  proteins (hence, proteomics),
  transcripts (transcriptomics), or 
 metabolites (metabolomics).



Genetics or Genomics

 By analogy with 
genetics and genomics, 
epigenetics and 
epigenomics refer to 
the study of factors 
that affect gene (or, 
more globally, genome) 
function, but without 
an accompanying 
change in genes or the 
genome.



Genetics or Genomics

 Genomic Medicine refers to the use of 
large-scale genomic information and to 
consideration of the full extent of an 
individual’s genome and other “omes” in 
the practice of medicine  and medical 
decision making.



Genetics or Genomics

Examples:
 gene expression profiling to 

characterize tumors or to define 
prognosis in cancer

 genotyping variants in the set of 
genes involved in drug metabolism 
or action to determine an individual’s 
correct therapeutic dosage



Genetics or Genomics

Examples:
 scanning the entire genome for 

millions of variants that influence 
one’s susceptibility to disease

 analyzing multiple protein or RNA 
biomarkers to detect exposure to 
potential pathogens



Genetics or Genomics

Examples:
 Monitor therapy 
 predictive information in 

presymptomatic individuals



Characteristics of the Reference 
Human Genome

 The typical human genome consists of 
approximately 3 billion (3×109) base 
pairs of DNA, 

 24 types of nuclear chromosomes (22 
autosomes, plus the sex chromosomes, 
X and Y) 

 the smaller mitochondrial chromosome



Characteristics of the Reference 
Human Genome

Length of the human genome 
(base pairs)

3,096,649,726

Number of known protein-coding 
genes

20,441

Average gene density (number of 
genes/Mb)

6.6

Number of ncRNA genes 22,219

Number of known short sequence 
variants

156,148,362

Number of known structural 
variants

4,485,861

From Ensembl, database GRCh38, 
version 85.38 (accessed August 
2016).



Spectrum of resolution

 Individual chromosomes can best be 
visualized and studied at metaphase in 
dividing cells, and karyotyping of 
patient chromosomes has been a 
valuable and routine clinical 
laboratory procedure for a half 
century, albeit at levels of resolution 
that fall well short of most pathologic 
DNA variants





Spectrum of resolution

 The ultimate resolution comes from 
direct sequence analysis, and an 
increasing number of new 
technologies have facilitated 
comparisons of individual 
genomes with the reference human 
genome sequence



Spectrum of resolution in chromosome 
and genome analysis



Genes in the Human 
Genome
 the human genome contains an 

estimated 20,000 protein-coding genes
 there are some genes, including 

clinically relevant genes, that are 
currently undetected



Genes in the Human 
Genome
 In addition to being relatively sparse in 

the genome, genes are distributed quite 
nonrandomly along the different human 
chromosomes.

 Some chromosomes are relatively gene-
rich, while others are quite gene-poor, 
ranging from approximately 3 genes/Mb 
of DNA to more than 20 genes/Mb





 Chr1
 Chr22



Coding and Noncoding Genes

 There are a number of different types of 
gene in the human genome.
 Most genes known or thought to be 

clinically relevant are protein coding
 additional genes whose functional product 

appears to be the RNA itself



ncRNA



Variation in the Human Genome

 Any given individual carries 4–5 million 
sequence variants that are known to 
exist in multiple forms (i.e., are 
polymorphic) in our species.

 each and every base pair in the human 
genome is expected to vary in someone 
somewhere around the globe.



Variation in the Human Genome

 Types of Variation
 any two randomly selected individuals have 

sequences that are 99.9% identical

 The majority of these differences 
involve simply a single unit in the 
DNA code and are referred to as 
single-nucleotide polymorphisms 
(SNPs)



Variation in the Human Genome

 The remaining variation consists of 
insertions or deletions (in/dels) of 
(usually) short sequence stretches, 
variation in the number of copies of 
repeated elements or inversions in the 
order of sequences at a particular locus 
in the genome



Variation in the Human 
Genome



Variation in the Human 
Genome

 Schematic 
representation of 
different types of 
structural 
polymorphism in 
the human 
genome, leading 
to deletions, 
duplications, 
inversions, and 
CNV changes 
relative to the 
reference 
arrangement.



Common Variation in the Human 
Genome



Variation in the Human Genome

 http://www.internationalgenome.org/abo
ut/

http://www.internationalgenome.org/about/
http://www.internationalgenome.org/about/


the 1000 Genomes Project concluded that each 
genome carries 
 100 or more likely loss-of-function mutations
 10,000 nonsynonymous changes
 500,000 variants that overlap known gene 

regulatory regions.

Variation in Individual 
Genomes



thousands of genes in the human genome are 
highly tolerant to many mutations that appear likely 
to result in a loss of function

Variation in Individual 
Genomes



De NOVO MUTATION

• studies have shown that any individual carries an 
estimated 30–70 new mutations per genome that were 
not present in the genomes of his or her parents.

• generation of a new length variant depends on 
recombination, rather than on errors in DNA synthesis to 
generate a new base pair

• the measured rate of formation of new CNVs is orders 
of magnitude higher than that of base substitutions



Variation in Individual 
Genomes

the number of SNPs described for our species is 
still incomplete

each genome carries thousands of 
nonsynonymous SNPs

these measurements underscore the potential 
impact of gene and genome variation on human 
biology and on medicine.



Variation in Individual 
Genomes



Variation in Individual 
Genomes





Variation in Individual 
Genomes



Copy Number Variation

Over the past decade, a number of important studies have 
focused on the prevalence of structural variants in the 
genome,

collectively account for far more variation in genome
sequence (expressed in terms of the amount of genomic 
DNA affected) than do SNPs



Copy number variation

http://www.nature.com/nature/journal/v444/n7118/abs/nature05329.html



Amilasi



http://www.nature.com/ng/journal/v39/n10/abs/ng2123.html
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