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Horizon 2020



… and metabolites



Specie Numero 
di geni

E. coli O157:H7 (batterio) 5.416

Drosophila melanogaster (moscerino 
della frutta)

~17.000

Riso 28.236

Cane 19.300

Uomo ~21.000

Topo ~23.000

Quanti geni ci sono nel genoma di...
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With new technologies even 
lower (end 2016/17)
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Medicina Personalizzata

“In the future, a family physician might routinely order a 

whole genome scan, or deploy algorithms that query 

pharmacogenetic or Mendelian carrier data, or interrogate 

genomic information.”
Scott et al., Nature Biotechnology, 2012
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• Sangue, saliva, urina

• Giornata tipica:

700-1000 volontari

4-5 tecnici, 12 robot

• In 10 anni...

• Alzheimer’s (9.000 individui)

• Tumore alla mammella (10.000)

• Malattia cardiovascolare 
(28.000)



Qualche dato…

Eiseman,E.&Haga,S.Handbookof HumanTissue Sources (RAND, 1999). 

> 300.000 milioni campioni tissutali 
mantenuti in banche tissutali USA (circa 
1999)

Aumentano ad una frequenza di più di 20 
milioni all’anno



Campioni (DNA, RNA, cellule, tissuti, 
tumori, sangue ...)

Condizioni (specifiche patologie, tumori...)

Anatomia (occhi, ossa, cartilagine...)

“dati” (analisi molecolari, microarrays...)

Caratteristiche...



J. Natl. Cancer Inst. Monogr. 42, 24–31 (2011)



Hawgood et al., Sci. Transl. Med., 2015



The “Technological” Doctor



with pathogenic variants in these genes can now take preventive action 
through monitoring and prophylactic surgical procedures8 and those 
with active breast cancer are candidates for targeted treatments9,10. 
In addition, large collaborative programmes led by the US National 
Institutes of Health (NIH)-supported Clinical Genome (ClinGen) 
Resource11 and the Global Alliance for Genomics and Health have 
begun to tackle the development of reliable resources for systemati-
cally defining the pathogenicity of all human variation through broad 
and targeted efforts.

When optimized, the infrastructure that supports the precision-
medicine ecosystem efficiently manages and integrates the flow of 
material, knowledge and data needed to generate, validate, store, refine 
and apply clinical interpretations (Fig. 1). Biobanks link samples with 
patient data to support discovery. Research databases record the data, 
calculations and results that provide evidence for clinical interpreta-
tions. Clinical-knowledge-sharing networks enable the refinement of 
interpretations. Clinical laboratories and their information systems 
facilitate the consolidation of interpretations into reports and alerts. 
Electronic health records (EHRs) and associated systems help clini-
cians to apply results, both when they are received and as the patient’s 
condition and knowledge of the variants evolve. Patient-facing infra-
structure or ‘portals’ provide individuals with access to their genetic 
data and — if appropriate — the ability to decide how they should be 
used, including whether to participate in research. At present, much 
of this infrastructure is at a very early stage of development. However, 
the infrastructural foundation for precision medicine is beginning to 
emerge. In this Review, we explore its crucial components.

The patient viewpoint
The role of the patient in supporting precision medicine is becoming 
increasingly important. Patients are obtaining a growing number of 
genetic results in the course of their care. Typically, clinicians involved 
in their treatment order such tests for them. However, patients are also 
now able to access direct-to-consumer testing, sometimes through the 
help of someone who is not directly involved in their care. To ensure 
that precision medicine is tailored to the unique genetic make-up of 
each patient, we must gather as much information as possible from indi-
vidual patients. Yet there are risks associated with widespread sharing 
of patient data. To gain access to these data, researchers must actively 
engage patients, teach them about the benefits of data sharing and help 
them to weigh up the risks and benefits. This can be done by making 
the process of obtaining consent more effective.

There are two major forms of consent that are relevant: consent for 
receiving medical treatment or procedures; and consent for releas-
ing data or samples for use in research.  In both cases, the risks and 
benefits must be conveyed to the patient. However, the conventional 
distinction is that obtaining consent for treatment focuses on benefits 
to the individual whereas obtaining consent for research focuses on 
generalizable knowledge12. Increasingly, the line between clinical care 
and research is blurring; participation in research studies can lead to a 
direct improvement in outcome for the patient13,14, and the continuous 
capture of clinical-care data has been proved an effective way to inform 
generalizable knowledge15. As a result, efforts are under way to ask all 
patients who enter the clinical-care setting to sign a form that permits 
their data to be used in research16–19. In addition, those signing clini-
cal genetic-testing consent forms now commonly agree to share their 
data broadly to help advance knowledge11. Nevertheless, there is still a 
need for more uniform consenting processes. It is difficult to generate 
consent forms in language that is both easy to understand and robustly 
conveys the main issues associated with genetic testing. Sharing such 
language across institutions could be helpful in this context. Harmoniz-
ing consent language across providers, laboratories and biobanks would 
make it easier to administer and adhere to those agreements. Recently, 
the Regulatory and Ethics Working Group of the Global Alliance for 
Genomics and Health published a framework for the responsible shar-
ing of genomic and health-related data20. The group has also created 

consent tools and policies to aid the development of standardized 
approaches to obtaining consent and that support data sharing in the 
global community. Consistent with the Global Alliance for Genomics 
and Health framework, ClinGen has developed standardized consent-
ing approaches (http://clinicalgenome.org/data-sharing/) for use in the 
clinical-care setting, which will enable sharing of genetic-test results 
and accompanying phenotypic data in the absence of research-study 
enrolment.

Some patients are extremely interested in supporting research and 
are willing to take proactive steps to facilitate the sharing of genetic 
information. The Global Network of Personal Genome Projects recruits 
volunteers who are prepared to share their genomic data and medical 
histories publicly. ClinGen manages the GenomeConnect patient por-
tal, built on the Patient Crossroads platform, which allows individu-
als to share health and genetic information to form communities. The 
Platform for Engaging Everyone Responsibly (PEER), supported by 
the Genetic Alliance, enables individuals to control sharing, privacy 
and access preferences for their health and genomic data with a high 
degree of precision.

The clinician viewpoint
Clinicians gain access to patients’ genetic information through tests. 
Tests have two components: a technical component that focuses on 
identifying which variants are present in the patient; and an interpretive 
component in which the implications of identified variants are assessed. 
In most scenarios, genetic testing is performed to determine either 
the cause of a specific indication or the most appropriate treatment21. 
However, exome and genome data can be reused to perform multiple 

Figure 1 | The precision-medicine ecosystem. The precision-medicine 
ecosystem contains building blocks that optimally connect patients, clinicians, 
researchers and clinical laboratories to one another. Patients and clinicians 
access information through portals or EHRs. The ecosystem can include 
displays or CDS augmented by curated knowledge that is supplied and shared 
by multiple stakeholders. Case-level databases and biobanks receive case data 
and samples from clinical and research workflows. Researchers benefit from 
all of these information sources and also contribute to knowledge sources. 
Clinical laboratories leverage data and inform the clinical community as they 
assess genomic variation and its impact on human health.
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with pathogenic variants in these genes can now take preventive action 
through monitoring and prophylactic surgical procedures8 and those 
with active breast cancer are candidates for targeted treatments9,10. 
In addition, large collaborative programmes led by the US National 
Institutes of Health (NIH)-supported Clinical Genome (ClinGen) 
Resource11 and the Global Alliance for Genomics and Health have 
begun to tackle the development of reliable resources for systemati-
cally defining the pathogenicity of all human variation through broad 
and targeted efforts.

When optimized, the infrastructure that supports the precision-
medicine ecosystem efficiently manages and integrates the flow of 
material, knowledge and data needed to generate, validate, store, refine 
and apply clinical interpretations (Fig. 1). Biobanks link samples with 
patient data to support discovery. Research databases record the data, 
calculations and results that provide evidence for clinical interpreta-
tions. Clinical-knowledge-sharing networks enable the refinement of 
interpretations. Clinical laboratories and their information systems 
facilitate the consolidation of interpretations into reports and alerts. 
Electronic health records (EHRs) and associated systems help clini-
cians to apply results, both when they are received and as the patient’s 
condition and knowledge of the variants evolve. Patient-facing infra-
structure or ‘portals’ provide individuals with access to their genetic 
data and — if appropriate — the ability to decide how they should be 
used, including whether to participate in research. At present, much 
of this infrastructure is at a very early stage of development. However, 
the infrastructural foundation for precision medicine is beginning to 
emerge. In this Review, we explore its crucial components.

The patient viewpoint
The role of the patient in supporting precision medicine is becoming 
increasingly important. Patients are obtaining a growing number of 
genetic results in the course of their care. Typically, clinicians involved 
in their treatment order such tests for them. However, patients are also 
now able to access direct-to-consumer testing, sometimes through the 
help of someone who is not directly involved in their care. To ensure 
that precision medicine is tailored to the unique genetic make-up of 
each patient, we must gather as much information as possible from indi-
vidual patients. Yet there are risks associated with widespread sharing 
of patient data. To gain access to these data, researchers must actively 
engage patients, teach them about the benefits of data sharing and help 
them to weigh up the risks and benefits. This can be done by making 
the process of obtaining consent more effective.

There are two major forms of consent that are relevant: consent for 
receiving medical treatment or procedures; and consent for releas-
ing data or samples for use in research.  In both cases, the risks and 
benefits must be conveyed to the patient. However, the conventional 
distinction is that obtaining consent for treatment focuses on benefits 
to the individual whereas obtaining consent for research focuses on 
generalizable knowledge12. Increasingly, the line between clinical care 
and research is blurring; participation in research studies can lead to a 
direct improvement in outcome for the patient13,14, and the continuous 
capture of clinical-care data has been proved an effective way to inform 
generalizable knowledge15. As a result, efforts are under way to ask all 
patients who enter the clinical-care setting to sign a form that permits 
their data to be used in research16–19. In addition, those signing clini-
cal genetic-testing consent forms now commonly agree to share their 
data broadly to help advance knowledge11. Nevertheless, there is still a 
need for more uniform consenting processes. It is difficult to generate 
consent forms in language that is both easy to understand and robustly 
conveys the main issues associated with genetic testing. Sharing such 
language across institutions could be helpful in this context. Harmoniz-
ing consent language across providers, laboratories and biobanks would 
make it easier to administer and adhere to those agreements. Recently, 
the Regulatory and Ethics Working Group of the Global Alliance for 
Genomics and Health published a framework for the responsible shar-
ing of genomic and health-related data20. The group has also created 

consent tools and policies to aid the development of standardized 
approaches to obtaining consent and that support data sharing in the 
global community. Consistent with the Global Alliance for Genomics 
and Health framework, ClinGen has developed standardized consent-
ing approaches (http://clinicalgenome.org/data-sharing/) for use in the 
clinical-care setting, which will enable sharing of genetic-test results 
and accompanying phenotypic data in the absence of research-study 
enrolment.

Some patients are extremely interested in supporting research and 
are willing to take proactive steps to facilitate the sharing of genetic 
information. The Global Network of Personal Genome Projects recruits 
volunteers who are prepared to share their genomic data and medical 
histories publicly. ClinGen manages the GenomeConnect patient por-
tal, built on the Patient Crossroads platform, which allows individu-
als to share health and genetic information to form communities. The 
Platform for Engaging Everyone Responsibly (PEER), supported by 
the Genetic Alliance, enables individuals to control sharing, privacy 
and access preferences for their health and genomic data with a high 
degree of precision.

The clinician viewpoint
Clinicians gain access to patients’ genetic information through tests. 
Tests have two components: a technical component that focuses on 
identifying which variants are present in the patient; and an interpretive 
component in which the implications of identified variants are assessed. 
In most scenarios, genetic testing is performed to determine either 
the cause of a specific indication or the most appropriate treatment21. 
However, exome and genome data can be reused to perform multiple 

Figure 1 | The precision-medicine ecosystem. The precision-medicine 
ecosystem contains building blocks that optimally connect patients, clinicians, 
researchers and clinical laboratories to one another. Patients and clinicians 
access information through portals or EHRs. The ecosystem can include 
displays or CDS augmented by curated knowledge that is supplied and shared 
by multiple stakeholders. Case-level databases and biobanks receive case data 
and samples from clinical and research workflows. Researchers benefit from 
all of these information sources and also contribute to knowledge sources. 
Clinical laboratories leverage data and inform the clinical community as they 
assess genomic variation and its impact on human health.
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will involve leveraging the frameworks of standards bodies, such as 
Health Level Seven (HL7) International, and the Logical Observation 
Identifiers Names and Codes (LOINC) database, as well as ontology 
and rule creators such as the Clinical Pharmacogenomics Implemen-
tation Consortium (CPIC). The National Human Genome Research 
Institute (NHGRI) has also established several consortia with EHR 
working groups to investigate how genetics can be supported in the 
EHR. These include: the Electronic Medical Records and Genomics 
(eMERGE) Network28, Clinical Sequencing Exploratory Research 
(CSER) and ClinGen11.

However, the problem that these organizations are trying to solve 
is very difficult. Standardized message formats and ontologies are the 
best way to reduce the cost of establishing the laboratory–provider and 
provider–provider interfaces needed to underlie precision medicine. 
However, these standards are helpful only if they robustly account for 
the different real-world scenarios they are intended to support and are 
broadly implemented by the vendor community (Fig. 3). Developing 
such standards requires an enormous amount of input from groups that 
combine deep clinical, laboratory, vendor and information-technology 
expertise. The DIGITizE AC has found that even defining the specific 
requirements for its initial set of narrow-use cases entailed a consider-
able amount of interdisciplinary effort. Much more work is needed to 
build truly robust, general-purpose standards.

The clinical laboratory viewpoint
Clinical laboratories sit at the core of the interpretative process. Ideally, 
they provide both the evidence for individual variants as well as a case-
level report that places all potentially relevant variants in the context of 
the patient’s presentation. Laboratories that perform genome sequenc-
ing often discover variants that they have never seen before, which must 
then be assessed. Similarly, variants that have been seen before might 
need to be reassessed as new knowledge emerges. Variant assessment  
is becoming an important factor in the cost of genetic tests. It must be 
performed by skilled individuals because errors could result in inap-
propriate patient care. Yet we know that variants can be interpreted 
differently. As of 11 September 2015, 369 organizations had submitted 
a total of 158,668 variants to ClinVar, a National Center for Biotechnol-
ogy Information (NCBI) database that acts as a single centralized public 
repository to which institutions can submit their interpreted variants 
as well as retrieve data from others29. At least 2,000 of these have been 
interpreted differently by submitters11.

Laboratories and clinicians can be assisted in two ways: better access 
to variant assessments performed by other institutions using consistent 
approaches, and tools to improve and standardize the variant assess-
ment process.

Building clinical genomic knowledge
Sharing variant- and gene-level assessments between laboratories and 
clinicians can increase the quality and efficiency of the variant assess-
ment process. Multiple efforts are under way to increase the sharing of 
such knowledge30–34. The ClinGen programme is building an authori-
tative central resource that defines the clinical relevance of genomic 
variants for use in precision medicine and research. The programme 
aims are to increase the rate of submission to ClinVar and to improve 
the content of ClinVar and other genomic resources through expert 
curation. ClinGen has worked together with ClinVar to create a ‘star 
system’ that defines the level of review for each variant that is submitted 
to ClinVar11. ClinGen working groups have been established in multiple 
clinical domains to curate gene–disease relationships and to interpret 
variants through expert consensus.

Centralized knowledge repositories can also be created by linking 
together the infrastructure that supports different laboratories. For 
example, laboratories that use the GeneInsight Lab application35 are 
able to use the system to communicate and share knowledge in real 
time. This functionality has been used to create a network called Vari-
antWire and also supports the Canadian Open Genetics Repository 

(COGR)36 network of Canadian labs. Importantly, an organization can 
both participate in a knowledge-sharing network and contribute their 
data to ClinVar. By adopting a standardized infrastructure that helps 
to structure data for submission to ClinVar, public sharing becomes 
cheaper, more efficient and more comprehensive with respect to sup-
plying the supporting evidence.

Case repositories and biobanks
An important driver of improvements to variant assessment processes 
is the collection and analysis of case data. Clinical and research labora-
tories often develop case repositories. The power of these repositories is 
a function of the number of cases that they contain. Therefore sharing 
cases across institutions is beneficial. However, it is difficult to combine 
data that have been stored in information systems developed by dif-
ferent groups. Trade-offs must be made when deciding what data to 
capture and how deeply to standardize and structure them. The amount 
of data in a case repository can be increased by allowing contributors 
to deposit heterogeneous data that are incomplete or inconsistently 
validated and may therefore be difficult to process downstream

37
. If 

repository developers insist on the submission of complete, validated 
and consistent data, many cases will have to be excluded.

Several databases have been launched that share case-level data across 
broad disease areas. The NCBI’s database of Genotypes and Phenotypes 
(dbGaP)38 places minimal restrictions on the types of case data that can 
be submitted and therefore serves as a generalized repository. However, 
because phenotypic data are often limited, making informative use of 
the information is difficult. Similarly, the European Bioinformatics 
Institute (EBI) maintains the European Genome-phenome Archive 
for storing case-level genomic data. The International Cancer Genome 
Consortium (ICGC)39 and The Cancer Genome Atlas (TCGA)40 have 
each set up large repositories of somatic cancer sequencing data. The 
American Society of Clinical Oncology (ASCO) is looking to incor-
porate the tracking of patient outcomes to enable a learning health-
care system in its CancerLinQ platform41. Repositories have also been 
developed through direct patient participation and span non-profit, 
academic and commercial activities.

Access to clinical specimens associated with patient data is often 

Figure 3 | Creating and implementing robust standards for the description 
and structuring of data in laboratory processing and patient-care systems. 
Professionals with diverse expertise interact with vendors of laboratory-
information systems and EHR systems to iteratively design and implement 
standards that effectively enable techniques to be used in the clinic.
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Genomics of Infectious Diseases

Multidrug Resistance (Comitato Controllo Infezioni)





Single-cell genomics



Our soul is cast into a body, where it finds number, time, 

dimension. Thereupon it reasons, and calls this nature necessity, 

and can believe nothing else 

Blaise Pascal


