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1. Abstract

The workshop "Applied Genomics in the Clinic" was organised in Istanbul on 17-19
October 2012 within the context of JRC Enlargement and Integration Activities
(E&IA). The main aim of the workshop was to get an overview of the state of the art
of applied genomics in the clinical context in accession and candidate countries, as
well as new members, to share best practices in EU and to evaluate these in the light
of a public health perspective. There is a clear divide behind the genomic services
offered in a country and the awareness among research scientists of the available
genomic applications and the future impact of genomic technologies on health
services and clinical approaches. In all countries there are a number of common
obstacles that delay penetration of genomic technologies in clinical applications: lack
of recognised experts (medical genetics has to be recognised as a medical specialty)
lack of a regulatory framework that involves political determination of decision
makers, lack of common databases on methods and experts, lack of on-going
education for physicians and most importantly reimbursement of testing. Stronger
connections and collaborations with the EU for research and technology transfer will
function as leverage for these countries in adopting genomic tools and harmonising
the quality of healthcare services they offer. It is very important to establish
recognized objective state of the art guidelines for application of genomic
technologies in clinical practice. Such guidelines adopted by countries could
contribute to form the basis of reimbursement policies at national and cross border
levels. In addition establishing reliable, not for profit, open access databases for
building reference datasets for correct and efficient interpretation of complex data
generated by advanced genomic technologies will speed up adoption of the
technology in the clinic.

2. Executive Summary

In the coming decade, advanced genomic technologies are expected to have a
substantial impact on, and even change current frames of public health. Disease
classification and taxonomy, molecular diagnostics, drug development processes,
stratified and personalized medicine as well as lifestyle and nutrition choices are
some of the areas that will be directly affected. While the cost of whole genome
sequencing reduces and test specificity and sensitivities improve, huge amounts of
data are being generated that require proper management, guided and monitored
validation, extensive analyses and customised clinical interpretation to help serve
the medical community and health of individual patients in general.

Technology has evolved at such a rapid pace that today a consumer can have his or
her entire genome sequenced by a single company in a matter of days for less than
$ 5,000, though the addition of interpretation may extend this timeframe. With the
next-generation sequencing technologies currently being developed, the cost is
projected to continue to decline significantly over the next few years, to the point
that large-scale genome sequencing is expected to become comparable in cost to a
single gene test or to a diagnostic imaging test such as a computed tomography (CT)
scan (Mardis, 2006). Given the rapid technological advances, the potential effect on
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the lives of patients and the increasing use of genomic information in clinical care, it
is important to address how genomics data can be integrated into the clinical
setting. Genetic tests are already used to assess the risk of breast and ovarian
cancers, to diagnose recessive diseases such as cystic fibrosis, to determine drug
dosages based on individual patient metabolism, and to identify therapeutic options
for treating lung and breast tumours, melanoma, and leukaemia.

Recent studies have also demonstrated the usefulness of genomics for diagnosing
disease and guiding treatment in the clinic. For example, genetic testing of the
relatives of patients newly diagnosed with colon cancer has suggested a prevention
strategy for identifying individuals with Lynch syndrome (Coates et al., 2011).
Genomics data have been used to provide definitive diagnoses for patients with
neuropathy, inflammatory bowel disease, and Proteus syndrome as well as to guide
therapeutic care for patients with arterial calcifications, movement disorders, and
Miller syndrome (Bainbridge et al., 2011; Lindhurst et al., 2011; Lupski et al., 2010;
Ng et al, 2010; St. Hilaire et al., 2011; Worthey et al., 2011). Although applications
of genomics technologies are currently limited in number, their number will only
continue to increase. Thus, it is important to determine how genomic data can best
be integrated with clinical practice so as to maximize patient benefit.

It is becoming increasingly clear that large-scale genomic information would be
integrated more fully into clinical practice, which meant that issues related to
implementing this change needed to be addressed. On the other hand, most
patients and health care providers have not yet realized just how broad an effect
genomic discovery is likely to have on treatment course and health.

The main aim of the workshop was to get an overview of the state of the art of
applied genomics in the clinical context in accession and candidate countries, as
well as new members, to share best practices in EU and to evaluate these in the
light of a public health perspective. Experts from target countries attending the
meeting as country representatives presented a summary of the molecular genetic/
genomic services available in their respective countries both from the clinical and
research environment perspective. Selected speakers presented examples of
current applications of diverse genomic technologies in healthcare services. The
European Best Practice Guidelines for Genome-based Information and Technologies
and the EU policy on rare diseases, including a summary on the legal basis for the
developments of the EU Policy on rare diseases were also shared with the
attendants. The European Project for Rare Diseases National Plans Development
(EUROPLAN) is a project co-funded by the EU Commission (DG-SANCO) to promote
and implement National Plans or Strategies to tackle rare diseases, to share
relevant experiences within Countries, linking national efforts with a common
strategy at European level. Participants also presented the situation in their
respective countries regarding the elaboration and the implementation of Rare
Diseases National Plans/Strategies.
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3. Presentations and session highlights

The morning session of the first day started with the welcome address given by Dr
Laura Gribaldo from the European Commission's Joint Research Centre. She
introduced the role of the Institute for Health and Consumer Protection (IHCP) at
the JRC, as provider of scientific and technical support to the EU policies for the
protection of European citizens in the areas of food, consumer products, chemicals
and public health. Furthermore Dr. Gribaldo summarized the role of DG
Enlargement in managing the process whereby countries join the European Union.
The concepts of sharing knowledge, improve communication and strengthen
networking have been identified as the basis of any harmonised effort to enlarge
Europe.

A general introduction on the University of Istanbul was given by Prof Ugur Ozbek,
the local host. This University counts 20 faculties and 74 000 students, it has on
going protocols with 56 Universities worldwide and 483 Erasmus Agreements. In
terms of health services it counts 2 University Hospitals, a Cardiology Institute, an
Oncology Institute and a Faculty of Dentistry, with a total of 3500 bed capacity, 2.5
million outpatient/year and 100.000 in patient/year. The Institute of Experimental
Medicine (DETAE) which co-hosted the meeting is dedicated solely to medical
research, and it is one of the first and largest biomedical research institutes in
Turkey established in 1992. Five departments belong to the Institute: Genetics,
Immunology, Molecular Medicine, Neurosciences, and Animal Model Organisms. In
the Genetics Department there are five units/laboratories: Tuberculosis Molecular
Epidemiology unit, Diabetes research and application unit, Molecular Andrology
unit, Whole genome sequencing laboratory (FLX-454-lon torrent), Whole genome
expression microarray laboratory (lllumina). They are partners in a number of
European initiatives including Orphanet, ELN, MedGeNet (Euro-Mediterranean
Network for Genetic Services), ITFOM and the FP7 project Epicure.

In summary, they combine multidisciplinary research and education, coordination
of the postgraduate programs on Immunology, Genetics, Molecular Medicine,
Neuroscience and conduct competitive international projects in medical sciences
through development of novel approaches for the prevention and diagnosis of
common human diseases. Their strengths are: enthusiastic young scientists eager to
learn new techniques, and expand their vision, established strong infrastructure for
varying projects (a unigue whole genome analysis laboratory in operation in
Turkey), a suitable environment for collaborations on a complex disease like
diabetes (diabetes centres, immunology and genetics departments all in one place).

The first scientific session focused on new technologies like Single Nucleotide

Polymorphism (SNP) Microarrays for Genotyping and Next Generation Sequencing
(NGS).
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Dr Jeremy Sujie Cao from BGI, one of the largest genomic organizations in the
world, gave a presentation on "Application of Next Generation Sequencing in
Human Disease Research and Clinical Application", showing how the BGI Healthcare
Platform provides a series of hereditary disease testing services. Monogenic disease
and hearing impairment tests are available at all life stage. At the prenatal stage,
Non-Invasive Fetal Trysomy (NIFTY) test is significantly better than other
conventional prenatal screening methods available at the present time. For a new
born, inherited metabolic disease screening can be applied. Non-invasive and
invasive test of chromosomal microdeletion/microduplication and Pre-implantation
Genetic Diagnosis (PGD) technologies are still in research, but are coming soon and
they are expected to be better strategies than the existing tests.

Dr. Teodor Zamfirov, representative of lllumina Inc. from Bulgaria introduced us to
which technological applications find way nowadays in the health care system, how
the technology revolutionizes our deep understanding of the pathology process for
many diseases, what is the prevention capacity employing genomic technology in
the field of public health and medical conditions such as: Metabolic disorders, rare
disease diagnostics, oncology, cardiology, personalized medicine, reproductive
genetics, inherited diseases, pre and postnatal diagnosis and more. He exemplified
various applications of the lllumina Inc. SNP microarrays in healthcare. Further in his
presentation he described the latest developments regarding Illumina's personal
next generation sequencer - The MiSeq. This presentation was in depth and
covered capacity, pricing, and the perspectives for further development of an entire
new medical discipline - Personalized Medicine, based on the information coming
out of the individual genome of each patient.

In the second session of the first day, Prof. Angela Brand, Director of the European
Centre for Public Health Genomics at the Institute for Public Health Genomics in
Maastricht University, gave a presentation on European Best Practice Guidelines for
Genome-based Information and Technologies — The Public Health Genomics
European Network (PHGEN ) Declaration of Rome, a document endorsed by experts
from the field of public health genomics representing key European and national
organizations from policy making, academia and private sector. The on-going
success of genome wide association studies (GWAS) followed by chromosomal
microarrays and eventually Whole Genome Shotgun (WGS ) in uncovering genetic
risk factors for many common diseases has fuelled expectations of a new era of
health care based on personalized treatment, early detection, and disease
prevention. An optimal process is needed for appropriate translation of these new
genomic discoveries into practice. The process should include mechanisms for
developing an understanding of the relationship between these newly discovered
factors and clinical outcomes (clinical validity), and the costs, benefits, and harms of
genome-based technologies in real world settings (clinical utility). Furthermore, the
process should facilitate the development of evidence-based guidelines for the use
of genomic applications; and appropriate implementation of these applications in
practice, including protection of individuals and communities against discrimination
based on genetic information. The application of genome-based technologies and
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informatics with the aim of combating diseases of public health significance brings a
slew of ethical and social issues that challenge the normative frameworks used in
clinical genetics until now.

In the same session Dr Gribaldo summarised the EU policy on rare diseases, from
the legal basis for the development of the EU Policy on rare diseases, to the
emergence of concepts and initiatives surrounding rare diseases in Europe, the
content of the Commission Communication and the Council Recommendation, and
the history of support of rare diseases research at the European level, as well as the
future way forward.

In the afternoon session the country representatives discussed the state of the art
of genomics penetration in clinical services in their respective countries. Country
information ranging from the distribution of Genetic Diagnosis Centres, to the tests
performed in different areas in a given country, availability of genetic testing in
public and private (if any) laboratories has been presented. The state of medical
genetics as a medical specialty, availability of genetic counselling and education for
genetic counsellors, current coverage of rare diseases were among covered topics.
The most frequently mentioned and underscored clinical applications within
context were: dysmorphology testing, foetal examination, genetic counselling,
management of congenital disorders, translation of research on complex disorders
in Clinical genetics, chromosome analysis on peripheral blood samples, amniotic
fluid, Chorionic Villus Sampling (CVS) or cord blood, Fluorescence In Situ
Hybridization (FISH) in cytogenetic, and Capillary electrophoresis-based DNA
sequencing Short Tandem Repeat (STR) analysis, Real-Time Polimerase Chain
Reaction (RT-PCR), Quantitative Fluorescence Polimerase Chain Reaction (QF-PCR),
Multiplex Ligation-dependent Probe Amplification (MLPA) and Array Comparative
Genomic Hybridization (CGH )in molecular genetics. SNP based or chromosomal
microarrays and NGS currently are not offered in any of the target countries of the
workshop although there is awareness among researcher clinicians.

Dr Ewa Stephien, from the Department of Clinical Biochemistry, Jagiellonian
University in Krakow, gave an overview on the reorganisation of Health System in
Poland with procedures in medical genetics for physicians and laboratory
diagnosticians, with special emphasis on educational and financial issues. She
underscored new initiatives like the new Centre for rare cardiovascular diseases in
Krakow) and international co-operation for genetic diagnostics of rare diseases that
has been created with the incorporation (2011) of The Children’s Memorial Health
Institute in Warsaw to the JOINT ACTION "Development of the European portal of
rare disease and orphan drugs — ORPHANET Europe". Main achievements and main
failures in clinical genetic diagnostics in Poland have been presented over a
timeline. Organization of genetic counselling in Poland covered by National Health
Fund is one of the achievements, like the education program in Medical Genetics
(Specializations) for physicians and laboratory geneticists. New private laboratories
and companies dedicated to clinical genetics have been established, and there is
increasing number of diagnostic centres equipped with high throughput methods in
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genetics. The main obstacles to the penetration of new technologies were
presented as lack of comprehensive financial and education programs supporting
development of scientific research in clinical genetics, dispersion of procedures over
the list of guaranteed services (so-called "basket"), lack of interest in introduction of
quality control system in genetic laboratories and limited availability to prenatal and
pre-implantation genetic diagnostics (high costs).

Dr Ahmet Yesilyurt from the University of Ankara, made an overview of current
applications of medical genetics in Turkey. The Social Security Institute (SGK) is
responsible for reimbursement; the frequency of the genetic test of each genetic
centre can be followed with a global system called “MEDULLA” and PGD can be
charged for just some disorders which can be treated via Human Leukocyte Antigen
(HLA) typing compatible bone marrow transplantation from siblings. The most
challenging problem presented was introducing a new test using next-generation
sequencing since new technology hardly gains coverage by the social security
system. Bottlenecks in genetic applications in Turkey were stated as: lack or
insufficiency of infrastructures for genetic testing laboratories in some
university/state hospitals, lack of well-educated staff to perform complex genetic
tests, not homogeneous education programme (4 year) of medical geneticist, and
insufficiency of bioinformaticians to evaluate complex and huge data from high
throughput systems.

Dr. Lejla Kapur-Pojski¢ presented data on Bosnia. Apparently at the moment any
regulation is still lacking in Bosnia, as well as any official role for medical genetics.
Laboratories are basically equipped with PCR facilities and RT PCR analysis are
conducted on 30-40 patients per year, to detect leukaemia/lymphoma markers, as
well as for Huntington diseases. Medical genetics is not recognised as specialty.
Prenatal diagnosis is covered by insurances. There seems to be a lot of cross border
patients'sample traffic to neighbouring Croatia where a special bilateral agreement
for reimbursement of tests exists.

Dr. Irena Drmic Hofman represented Croatia, as Chief of the Department of
Pathology and Department of Biochemistry at the University Hospital Split and
University of Split School of Medicine. Cytogenetics in Croatia is conducted in three
hospitals: namely in the University Hospital “Rebro” Zagreb, Pediatric Clinic, Clinical
Hospital Center “Sisters of Mercy,”and Clinical Hospital “Holly Spirit”, Clinic of
Obstetrics & Gynecology. The services offered are mainly cytogenetic analysis of
foetal and peripheral blood lymphocytes, amniotic fluid and spontaneous abortions,
FISH analysis of bone marrow, FISH analysis for enumeration, microdeletion and
microduplication syndromes, and whole chromosome painting, subtelomere
analysis. In the Clinical Hospital Centre Sisters of Mercy Zagreb, molecular analysis
of non-syndromic deafness, acondroplasia and hypocondroplasia, Rett syndrome
and MLPA are carried out. The diagnostics focuses on monogenic diseases,
leukaemia and lymphoma, tumour tissues, infectious diseases, risk factors, HLA
typing and transfusion testing as well as molecular testing in Forensic Medicine.
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Dr. Simona Dimitriu from the University of Medicine and Pharmacy "Victor Babes"
in Timisoara, especially pointed out the consented effort in Romania for establishing
a national plan for rare diseases which, she thinks, could serve as basis for a
regulated, quality assured, up-to-date genetic testing environment in general. In
Romania there seems to be a divide in the technology level among regions, and
research and university settings. Chromosomal Microarray Analysis (CMAs) and NGS
are finding way into the clinic through private laboratories.

The day was ended with an informal round table discussion on the state of research
in the represented countries and notes were taken that served as basis for the
SWOT analysis of the last day.

The first session of the second day was dedicated to the state-of-the-art
applications of genomic technologies for clinical purposes. Dr. Francesca Grati from
TOMA, Italy, gave a presentation on "Chromosomal microarrays in prenatal
diagnosis: overview of the actual application and experiences”. With the
development of advanced genome-wide or targeted techniques for interrogating
the human genome, new methodologies are becoming available for prenatal
screening and diagnosis, and the implementation of these methodologies into
healthcare provisions will soon be changing the landscape of prenatal diagnosis. It is
widely accepted that this technology can be considered as unique if not mandatory
in challenging prenatal cases to clarify the pathogenicity of cytogenetic
abnormalities and their prognosis.

These challenging prenatal cases are: cases requiring a paternal uniparental disomy
(UPD) condition exclusion on AF upon a mosaic trisomy for an imprinted
chromosome is found in Chorionic Villi, cases having a high risk of false negative
result due to the incompleteness of the combined cytogenetic analysis on CVS,
cases with an apparently balanced ‘de novo’ rearrangement and in foetuses with US
abnormalities and an apparently normal karyotype.

On the other hand, it is still necessary to improve knowledge on human genome
architecture in ‘normal’ considered populations, on the entire phenotypic spectrum
of microdeletion and microduplication syndromes and on uncertain variants, as well
as pre- and post- test counselling approach models for prenatal CMA.

Dr S. Birep Aygun presented a current overview of the state-of-the-art in non-
invasive prenatal diagnosis, and a case study on non-invasive foetal Y chromosome
detection from maternal plasma via RT-PCR. Non-invasive molecular techniques
include genetic analysis on foetal cells or on free foetal DNA or RNA isolated from
maternal blood. Non-invasive genetic testing for Anti-D and foetal gender when
mother’s genetic status is indicative is already common practice in some EU
countries e.g. UK, the Netherlands. Non-invasive genetic tests for common
aneuploidies like Down syndrome, Trisomy 18, and Trisomy 13 foetal DNA present
in maternal blood are already in the market and simultaneously under
development. If an elevated risk of chromosomal or genetic abnormality is indicated

JRC.I.1.Form.CAT.032A Ver.3 Page 11 of 184



* X
*
* *
*

* 5k

European
Commission

by a non-invasive screening test, a more invasive technique may be employed to
gather additional information. The case study presented demonstrates the
feasibility and reproducibility of a biomarker system for non- invasive Y
chromosome determination via real time PCR with 100% specificity.

Dr Uysal-Onganer from the Department of Surgery & Cancer, Faculty of Medicine,
Imperial College, London, discussed what has been done till now in UK in "Applied
Genomics in Cancer". She underlined the fact that CMA and NGS studies have led to
significant advances in our understanding of the cancer genome of several tumour
types. Furthermore, current efforts are aimed at bringing sequencing discoveries
into the clinic in the form of biomarkers (diagnostic, prognostic, and predictive) and
biomarker-designed clinical trials. However, the new discipline of public health
genomics, which seeks to evaluate the use of emerging genomics information
effectively and responsibly to improve the health of individuals and populations, is
essential. New diagnostic and predictive markers are still needed; pros and cons are
still an issue, however a lot has been achieved considering drug response and
tumour recurrence in certain cancer types. The stratified medicine programme by
Cancer Research UK (CRUK) was highly praised.

At the end of the second day a complete session was dedicated to Bioinformatics:
Dr S. iseri from Istanbul University, Dr M. Fabbri from IHCP and Mr. llker Karacan
from DONE Genetics, a local genomics and bioinformatics company, presented
various case studies that served as examples of data analysis and result
interpretation in the field of gene expression analysis, karyotyping, linkage and Copy
Number Variation (CNV) analysis.

On the last day of the workshop a whole session was devoted to Strengths,
Weaknesses, Opportunities, and Threats (SWOT) analysis on penetration of
Genomic Technologies into the Clinical Services. Contributions of all participants
were noted and results were deduced in the afternoon by Dr. Gribaldo and Dr.
Aygun to be disseminated to the participants for review, further contribution and
discussion. The results of the SWOT analysis serve as the basis for the
recommendations presented in this report.

4. General Conclusions

e There is a clear divide between the genomic services offered in a country
and the awareness among research scientists of the available genomic
applications and the future impact of genomic technologies on health
services and clinical approaches.

e Medical specialists of no / minor genetic / genomic background may

generally overlook available technologies and influence local decision
makers in certain ways that leads to a lag in adoption of genomic tools.
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e Establishment of the necessary infrastructure for generation, storage,
transfer and interpretation of genomic data may be a heavy cost burden for
target countries.

e In all countries there are a number of common obstacles that delay
penetration of genomic technologies in clinical applications: lack of
recognised experts, lack of a regulatory framework that involves political
determination of decision-makers, lack of common databases on methods
and experts, lack of on-going education for physicians and most importantly
reimbursement of testing, lag of local health impact / health technology
assessors behind technological advancements in the field.

e There is a unanimous opinion that public health in the near future is going to
be shaped by data generated via genomic technologies. A general agreed
upon universal definition for clinical utility and its demonstration will
facilitate this process.

e The two and a half days agenda was in general considered sufficient and
satisfying as seen in the post event evaluation forms. There was a
unanimous request for a next workshop.

5. SURVEY RESULTS

Prior to the workshop all participants had received a copy of the country expert
survey and where kindly asked to present relevant data. The survey results are
summarised in the Table 1 of the Annex I.

The roundtable discussion following country presentations and presentations of
invited speakers yielded the two technologies expected to penetrate into clinical
services the fastest were agreed upon to be Chromosomal Microarrays and Next
Generation Sequencing. The two areas where genomic applications are estimated
to enter fastest into clinical services came out to be prenatal diagnosis and cancer
genotyping/treatment.

Penetration of Genomic Technologies into the Clinical Services- HOW?

At the end of the workshop a whole session was dedicated to an open SWOT
analysis on penetration of Genomic Technologies into the Clinical Services with
contributions from all participants.

SWOT Outcome

Participants agreed that genomic medicine may not be cost-effective today but said
that it may become cost-effective soon as costs go down and efficacy goes up.
Furthermore, when people (be it a physician, patient, citizen or family member of a
patient) are well informed on the availability of such approaches, they are usually
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interested in the technology. Probably the correct best approach for scientists and
clinicians would be to work closely and define the mode(s) of utilising the
technology in such ways that are relevant, significantly contributing to the health of
the patient and involve minimum risk or harm.

Strengths: existing research environment, international collaborations, awareness
of researchers, already trained academic personnel

Weaknesses : lack of regulation, existing regulation stopping or lagging new
advancements, lack of political will, lack of trained physicians, lack of hardware
software infrastructure to maintain data, lack of trained bioinformaticians to
analyse generated data, interpretation of results.

Opportunities: awareness in the society (patient demand), existing bilateral, pan
European and international networks for data and experience sharing, technology
becoming more readily available.

Threats: Technology platforms still too expensive, testing usually reimbursed on
basis of price may lead to outsourcing to biotechnology company run laboratories,
resistance of old school physicians, inability to generate reference open access
databases.

Factors most effective:

e Genomic Medicine/ Personalized Medicine not always the same thing

e Data interpretation

e Data storage

e Clinical implication of data

e Education of physicians

e Availability of open access/ public databases

e Drug/therapy design ( individual response?) one size does not fit all

e Who pays for the test?

e Technology advancing rapidly

e Research

e Legal/ Ethical Issues

e Clinical Implementation

e The Industry

e Research Funding

e Political will/ regulation/ reimbursement

e A number of studies already underscore the rapidly shifting landscape for
genomic tools in the diagnostic setting. The results could influence decision
makers to revisit guidelines concerning [prenatal] genetic testing.
Chromosomal microarrays can provide additional clinically relevant
information to traditional karyotyping, and will probably become a standard
approach in prenatal diagnostics going forward.

e Research which employs whole-genome sequencing for the clinical diagnosis
of prenatal samples highlights how sequencing is being used increasingly for
prenatal testing. A number of biotechnology firms, such as Sequenom,
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Ariosa, LifeCodexx have already launched commercial tests that use
sequencing to noninvasively detect aneuploidies in prenatal samples.
Research results demonstrate the possibility of mapping foetal balanced
chromosomal translocations via next generation sequencing.

e Chromosomal microarrays will most probably be applied also in the area of
cancer genomics, mainly covering the issue of patient dependent drug
response and development of cancer type specific expression panels. Such
disease specific panels are more affordable and comparatively quick yielding
when there are no means of NGS.

e Next generation sequencing will also play a major role in the field of cancer
research and diagnosis, by most probably allowing cheaper and faster
profiling.

e Stronger connections and collaborations with the EU for research and
technology transfer could function as leverage for these countries in
adopting genomic tools and harmonising the quality of healthcare services
they offer.

e Regulations to control cross-border movement of samples should take into
account that the patient himself is also the sample and can move freely, any
regulation should allow if not promote ease for finding an expert centre for
a given condition/ disease.

e The study of rare diseases offers a way of implementing the tools and
procedures that will later be used in more widespread applications of
genomic medicine.

Analytical validity and clinical utility
e Increasing the sensitivity of sequencing.

e There needs to be agreement upon standards for both analytical and clinical
validation.

e C(linical actions need to be determined through collaborative efforts
involving physicians, patients, their families, and laboratories.

e For genomic testing to be accepted, it should have not only analytical
validity but also clinical and social utility.

e Genomic testing should be used as a tool that is integrated with traditional
tests for making a disease diagnosis and guiding therapy.

Human genetic diversity and genetic differences between maternally and
paternally derived chromosomes need to be considered when interpreting
genomic data.

e Pharmacogenetics results can be important for patient care, but data need
to be carefully integrated into patient records and care processes.
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e Sequencing devices, interpretation software packages, and testing
laboratories will all need to meet stricter proficiency standards as genomic
medicine progresses.

Ethical issues

e Patients’ genomic information should always be obtained within the
confines of a doctor—patient relationship.

e |f patients are empowered to make their privacy preferences available to
caregivers and researchers, the delivery of care and the use of patient data
for research could both be enhanced.

e Health care providers have a responsibility to provide patients with clinically
significant genomic information but not necessarily other less clearly

actionable information.

e Patients’ concerns about confidentiality cannot be completely resolved with
technological approaches.

e Assuring patient privacy.
Education and training

e Education and training should focus on competencies. For a non-specialist
health care provider, these competencies may include recognizing when a
genomic diagnostic test is needed or how pharmacogenomics testing can
guide decisions about therapy.

e Genetics and genomics should be integrated into health professional
education from undergraduate study through to maintenance of
certification.

e Collaborative efforts among health professionals will be essential in
implementing genomic medicine.

Databases and repositories

e Genomic data should be put into meaningful formats in order to be most
useful to health care providers.

e Clinical data will need to be linked to genomic databases in order to further
understanding of the phenotypic effects of genetic variants.
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e Many laboratories do not have the resources to place their data in the public
domain. Grant support may be necessary to move data into the public
domain so that experts can be engaged to curate it.

e Establishing a curated genomic-variant database: who is going to curate it
and whether the database is clinically validated.

e Aclinical-grade genome sequence and phenotype repository is needed first,
and the curating at that point will revolve around collecting the proper
information about the data being deposited. A clinical variant database can
then be derived from those data by grading and assessing the sets of
sequence and phenotype information in order to build decision-support
tools.

e Databases for genetic variants involved in cancer may be quicker to achieve,
considering the more wide spread efforts for cancer inventories and
registries. However cancer variants raise somewhat different issues than
maintaining databases for germ line variants. Sequencing cancer genomes
also uncovers germ line sequence information, but in sequencing cancer
genomes there tends to be a much more direct link between acquired
mutations and the disease. These might be interrogated specifically for
interactions with drugs, the ability to treat, or even to prevent the
development of tumours.

¢ Including cancer genomes in a master database could be problematic unless
is possible to create very definitive (CANCER) subsets among general data.
Data should be clearly annotated to specify whether a variant has somatic
effects, germ line effects, or both.

6. ORGANISER IMPRESSIONS

e The most difficult part in organising this workshop was to spot, find and
contact experts from the target countries. Tools for professional networking
which, allow direct access to the expert need to be devised and promoted.

e A SWOT analysis being held during the workshop, together with the survey
results presented by the country experts served as seed for this report
intended to serve as a recommendation for target countries.

e A social media connection has been formed for maintaining and continuing
contact among all participants which, is also open for new members to join
in order to establish a networked community.

e Regional and International cooperation should be further enhanced, and
guided , if possible by the EU, since this allows stronger acceptance by the
local authorities/ decision makers in implementing new policies regarding
public health.
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7. RECOMMENDATIONS

e |t is very important to establish recognized objective state-of-the- art
guidelines for application of genomic technologies in clinical practice. Such
guidelines adopted by countries will form the basis of reimbursement
policies at national and cross border levels.

e |t is very important to establish reliable, not for profit, open access
databases for building reference datasets for correct and efficient
interpretation of complex data generated by advanced genomic
technologies.

e Medical genetics has to be recognised as a medical specialty both at clinic
and laboratory levels.

e The genomics field should take a systems approach* especially to whole-
genome sequencing, which will require important changes by government,
healthcare providers, and patients.

e There should be more collaboration between clinical entities and
laboratories, a greater emphasis on the fact that some parts of the genome
will remain refractory to analysis, and public to laboratories to establish
databases that can be used to refine and deliver genomic medicine.

e Informatics capabilities should be leveraged to create clinical genotype—
phenotype databases, education should be improved, and reimbursement
should be set at levels that make it possible for the healthcare system to do
analytical thinking about how best to serve patients.

e There should be greater interoperability of medical records systems
(Electronic Health Records, EHR) so that information relevant to health care
follows people throughout life and that genomic information is always
accessible for further innovation.

e Auniversal healthcare information technology system should be established
that includes both genetic and clinical information, and barriers to data
sharing should be reduced.

e There should be funding for education, novel research to explore gene—
phenotype relationships, and improved sequencing technologies.

e More emphasis should be placed on genetics and genomics in medical
schools.

* Systems approach is defined as an interdisciplinary method of study that involves
consideration of all the components involved in a process and their interactions with each other.
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Table 1 Results of the survey
1. Which of the following new/emerging a- BUL, POL, UK
technology platforms do you employ in b- BUL
your laboratory? c- TR, BH, CRO, POL, UK
d- BUL, POL
a. Microarrays for expression e- BUL
profiling mRNA/miRNA f- RO
b. Next Generation Sequencing
c. Real-Time PCR
d. Array CGH
e. More than one of these
f. None of these
2. Which of the following new/emerging a- POL, UK
technology platforms are employed b- TR, RO, UK
regularly in the clinical context in your c- POL, CRO, TR, RO, BUL, UK

country ?

d- POL, TR, RO, BUL, UK

e- UK
a. Microarrays for expression f-
profiling mRNA/miRNA
b. Next Generation Sequencing
c. Real-Time PCR
d. Array CGH
e. Chromosomal microarrays
f. None of these
3. In your opinion which technology a- NONE

platform will penetrate fastest in to
clinical applications? Please justify very
briefly

a. Microarrays for expression
profiling mRNA/miRNA

b. Next Generation Sequencing
c. Real-Time PCR

d. Array CGH

e. Chromosomal Microarrays

f. None of these

b- TR, RO, BUL, UK
c- POL, BOS, RO, UK
d- CRO, BOS, RO

e- TUR, BUL, RO

4. In your opinion which application area
of genomic technologies will the clinic
benefit from the earliest? Please justify
very briefly

Cancer genotyping

Prenatal testing

Preimplantation genetic diagnosis
Rare diseases

Personalised medicine

Some other area ( please specify)

000 OCTw

CRO, POL, BOS, RO, BUL, UK
CRO, BOS, RO, BUL, UK, TR
POL, BUL, UK, TR

POL, RO, UK

TR, BUL
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5. What is the scope of health/social a- CRO, POL, BOS, TR, RO, BUL, UK
security/ insurance system coverage in b- POL BY SPECIAL PROGRAMMIES, RO,
your country for : UK
c- POL AS SUPPLEMENTARY
a. Prenatal testing employing DIAGNOSTICS, TR, BUL, UK
conventional karyotyping d- UK
b. Prenatal testing employing molecular e- CRO, POL COVERED AS PART OF
karyotyping ( microarrays) CANCER GENOTYPING
c. Sequencing for disease diagnosis ( f- TR FOR DISORDERS WHICH CAN BE
common/rare) TREATED BY STEM CEL
d. Next generation sequencing for TRANPLANTATION, UK
disease diagnosis (common/rare)
e. Pharmacogenomic testing for drug
responsiveness
f. Preimplantation genetic diagnosis
6. Which type of testing is offered as a a- CRO SL/PL, POL SL/PL, BOS SL, TR
regular service by a state / private SL/PL, RO SL/PL, BUL SL/PL, UK SL/PL
laboratory in your country, please b- POL SL/PL, TR PL, RO SL/PL, BUL PL,
indicate as SL or PL UK SL/PL
c- POL SL/PL, BOS SL, TR SL/PL, BUL
SL/PL, UK SL
a. Prenatal testing employing d- TRPL, BULPL, UKSL
conventional karyotyping e- CROPL, POLSL/PL, TRPL, BULPL
b. Prenatal testing employing molecular f-  POLPL, TR PL, BULPL, UK PL
karyotyping (microarrays)
c. Sequencing for disease diagnosis
(common/rare)
d. Next generation sequencing for
disease diagnosis (common/rare)
e. Pharmacogenomic testing for drug
responsiveness
f. Preimplantation genetic diagnosis
CRO RDD ONCE EVERY THREE TO SIX
7. How often do you collaborate with a MONTHS
laboratory outside your own country for POL: RDD / RESEARCH ONCE OR TWICE A
research / for diagnostic purposes? YEAR
Please state scope ( e.g. rare disease BOS : RDD UPTO 10-15 TIMES A YEAR
diagnosis, populations study, etc.) TUR : RDD FEW TIMES A MONTH, RESEARCH
ONCE A FEW YEARS
RO: NO REPLY
BUL: RDD ONCE A MONTH, RESEARCH ONCE
EVERY 3 MONTHS
8. In your opinion what is the biggest CRO: ORGANISATION AND FINANCES
obstacle in your country in particular for POL: DISPERTION OF PROCEDURES OVER THE
penetration of genomic applications in LIST OF GUARANTEED SERVICES (so called
clinical services ? basket), LACK OF COMPREHENSIVE
FINANCIAL /EDUCATIONAL PROGRAMS
SUPPORTING RESEARCH IN CLINICAL
GENETICS
BOS: LACK OF POLICIES REGULATING GENETIC
TESTING SERVICES IN FRAME OF MEDICAL
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DIAGNOSIS/ HEALTHCARE, LACK OF
INVESTMENT IN THE FIELD BY PUBLIC HEALTH
AUTHORITIES

TUR : REIMBURSEMENT PROBLEM,
RECOGNITION OF SERVICES BY THE SOCIAL
SECURITY SYSTEM

RO: POLITICAL WILL, ORGANISATION,
EDUCATION

BUL : SOCIAL SECURITY COVERAGE

UK: FINANCES AND POLICIES

CRO: ONLY FOR MEDICAL DOCTORS AS A

9. Is medical genetics recognised as a CLINICAL SPECIALTY ( NO LABORATORY
"medical specialty branch" in your SPECIALTY, NOT OFFERED TO NON MEDICINE
country's education system? ORIGIN STUDENTS)
POL: YES, NOT AS A LABORATORY SPECIALTY
BOS: NO
TUR: YES, NOT AS A LABORATORY SPECIALTY
RO: YES
BUL : YES
UK: YES
CRO: 1. PRIORATISATION FOR INCLUSION
10. Name three measures at local BACKED UP BY MAPPING OF COMPETENCES,
authorities' level that will benefit METHODS AND SOURCES
incorporation of genomic applications 2. STANDARDISATION AND HARMONISATION
in healthcare services offered in your OF SERVICES ( QUALITY ASSURANCE)
country 3. EDUCATION AND DISSEMINATION OF
KNOWLEDGE

POL: 1. INTRODUCTION OF A REGULATED AND
HARMONISED QUALITY CONTROL SYSTEM

2. LEGAL REGULATIONS THAT ALLOW MORE
COMMON USE OF PRENATAL AND
PREIMPLANTATION DIAGNOSTICS AND STATE
COVERAGE

3. MESURES TO IMPROVE COMMUNICATION
BETWEEN THE CLINIC AND RESEARCH
LABORATORIES

BOS: 1. DEVELOPMENT OF A LIST OF MORST
FREQUENTLY REQUIRED TYPES OF GENETIC
TESTING AND RECOGNITION FOR PUBLIC
HEALTH COVERAGE

2. DEVELOPMENT OF EXPERT PANEL(S) FOR
GENETIC COUNSELING SERVICES

3. POLICY REGULATING QUALITY AND
HARMONISATION OF GENETIC TESTING
SERVICES FOR ALL LOCAL AND
INTERNATIONALLY FUNCTIONING
LABORATORIES

TUR: 1. STANDARDISATION AND
HARMONISATION OF QUALITY OF SERVICES
VIA A REGISTRY

2. RECOGNITION OF AVAILABLE TESTING AND
PUBLIC HEALTH COVERAGE, UPTODATE
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HEALTH IMPACT AND  TECHNOLOGY
ASSESMENT BY INDEPENDENT EXPERT PANELS
3. AWARENESS RAISING AMONG PHISIANS
AND PATIENTS ( CREATE PUBLIC DEMAND

RO: 1. COMPLETION AND IMPLENEMATION
OF THE NATIONAL PLAN FOR RARE DISEAES

2. DEFINITION AND INVENTORY FOR CENTERS
OF EXPERTISE

3. HARMONISED QUALITY ASSURANCE

BUL: NO REPLY
UK: STANDARDISATION, PUBLIC HEALTH,

BETTER BUDGETTING (CUSTOMISED CANCER
DRUGS)
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ANNEX 11

-3

Applied Genomics in the Clinic

Istanbul University Rectorate Campus Kiliclik Hall

17-19 October 20312

|

IHCP-JRC Enlargement and
Integration Activities (E&IA)
Our mission is to provide scientific and technical support
to the EU policies for the protection of the interests and

health of European citizens in the areas of food, consumer
products, chemicals and public health.
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DG Enlarg?nent policy

The EU’s enlargement policy, as enshrinedin the Treaty on
European Union is the response to the legitimate aspiration
of people of our continent to join the endeavour of 3
unified Europe

« Manage the process whereby countries join the European Union, under

the guldance of the Commissioner for Enlargement.

« Assist candidate countries and potential candidates in meeting
the"Copenhagen criteria”,monitor their progress and embracing the
objectives of the Europe 2020 strategy.

« Define and implement the EU's stabifisation and association policy in the
Western Balkans.

« Manage the Commission’s information and communication policy relating
to enlargement in candidate cou“ and potential candidates.

How to get a successful meeting
Apply win-to-win concept
Sharing knowledge

Improve communication
Strengthen networking

Final goal

Producc a report with the outcome of the
recommendations by
paniopams countries
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HEALTH SERVICES -

I Istanbul

2 University Hospital
* Cardiology Institute
Oncology Institute

Faculty of Dentistry

3500 bed capacity
+ 2.5 million outpatient/year
100.000 inpatient/year
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Istanbul University,
Institute of Experimental Medicine (DETAE),

Istanbul University has 7 Institutes having 492
postgraduate programmes. They are 254
master and 238 doctora programmes.

Institute of Business Economy {11 Master]

Institute of Forensic Sciences (2Master, 3 Doctorate)
Institute of Marine Sciences and Management (% Master, ¥ Doctorats)
Institute of Health Sciences (83 Master, 79 Doctorate)
Institute of Basic and Applied Sciences (57 Master, 54 Doclorate)
Institute of Social Sciences (30 Master, 92 Doctorate)
Institute of Atoturk's Principles ond Reforms (1 Master, 1 Doctorate)

Istanbul University,
Institute for Experimental Medicine

Five Departments

- Genetics

~ — Immunoclogy

L Molecular Medicine

— Neurosciences

- Amimal Model Organisms
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@ Istanbul University,
=

Institute for Experimental Medicine
(DETAE)

Five Units/Laboratories

— Tuberculosis molecular epidemiology
unit

— Molecular andrology unit
— Whole genome sequence lab (FLX-454-
lon torrent)

— Whole genome expression array unit
(lHumina)

Istanbul University
Whole Genome Sequencing Laboratory
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MedGeNet

Meaditerranean Network for Genatic Sarvices

2
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In Summary...

+ Tasks driven by DETAE:

— Combining multidisciplinary reseach and education under
one ceiling.

— Coordination of the postgraduate programs on
Immunology, Genetics, Molecular Medicine, Neuroscience
of the Istanbul University

— conducting competitive international projects in medical
sciences through development of novel approaches for the
prevention and diagnosis of common human diseases.

JRC.I.1.Form.CAT.032A Ver.3

Page 33 of 184



European

Commission
I

Application of
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in Human Disease Research
and Clinical Application

Jeremy Sujie Cao

Oct. 17th
Workshop on "Applied Genomics in the Clinic"

cientific Pariner

N el
Tarscapisme 3

ANASc: [ mitNA ST
ImctMA oz

Buiuanbas |1y

e rerssesa -3

Feote s level

Proi=me profirg
CQuanitaive protcomia
Tag= prot=mia

Metszcite lavel
veRchn emiteaion
coctagmet momtclema
et meabclomia 2

Meays Baler Messiclomsar fom smallmclondo e g idem sames
mcdteds Malues MeRo@ S, 22720

My Lord, they
have discovered
the human

genome!

Pamn hackers,
I will have to
change the

)\ password now
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PP Haplotype Map of the Human Genome

International

The goal of the International HapMap Project is
to compare the genetic sequences of different
individuals to identify chromosomal regions
where genetic variants are shared.

BGl--> 10%

#®The first GWAS paper 2boutAge-relsted
macular degeneration was published in Science
in 2005
®hore than 1000 totsl publicstions until now
®More than 4000 associated SNPs related
with common diseasessuch as disbetes, breast
cancer, have been identified and replicated in & o
GWAS, icatich o
GWAS paper publication 8

« International projectto constructa next generation baseline data setfor
human genetics

e Aims

- Find=95% accessible SNPs atallele frequencies above 1%, down
towards 0.1% in coding regions

- Genotyping them and place on haplotype backgrounds

— Alsodiscoverand characterize indels, structural variants

$RER
3G

9as Genome of the Netherlands

In the next few months, the genomes in 750 samples
from Dutch biobanks will be analysed by BGI, the Beijing
Genomics Institute, based in Shenzhen, which today has
the best experience in high throughput sequencing. The

Unique in-depth perspective
on regional genetic variants

e ;
BEM : 1 ¥ umee &g (‘{.‘;":‘.., k % pxun am@ 9 mga nb":i
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Are rare and novel variants
more functional?

Extreme cases--Mendelian Disorders

Sequencing Technologies

#»Whole genome resequencing
+Completeness
+ LongInserions/deletions, Structural variations, CNVs detection

#» Whole Exome sequencing
« Cover majority of causative mutations of MDs
+ Cost-effective NO. papers

WOWES MOWGET N TargetSeq

> Target capture sequencing

» Economical

» Pre-knowledge of Candidate region

B 1 VWA Dot e 353 B TN 1ER MN0ane | 30

BRAIN

TGME identified as a novel causative gene of
spinocerebellar ataxias using exome sequencing

Jun Ung W-",‘ Fo V-np! * Kun Xa " Zheng Mao Hu.” Ling Weng." Xin Jin,**
Hong Jang. Pong Zhang.” Lu Shen. '™ i Feng Cuo, ** Nan 1L Yieg Rl U.° U Fang Led

Jie Z Y Juan Du,’ Ya Fang Zhou,' Qlan Pan,? Jian Wang.” Jun Wang>* Rul Qlang Li** and Bel
Sha Tang'**
R 4
- e z . - cme m-o@e @ J 1
i I r
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.
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N - - »
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e mtunatan, seant. (8 Patgm o1 Sty (¥ A WAt 8 (g yeeevet
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WanglL, etal., 2010
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EAHRA H i
ool L Are rare variants more functional?

Oren G A0CESY frowdy snadobd ambone PLOS
An extreme case to show

Exome Sequencing Identifies ZNF644 Mutations in High 41+ -0 0 variants has
Myopia

stronger effect
i $hi' ", Vingrsd U™, '3, Hao Zhang”, !, Fang Lu', Xisoqi Liu'?, Fel He', 2 -
80 Gong', U Cai', Relqiang L%, Shitwang Liso", Shi Ma™%, e Uin' ", Jing Cheng'?, nmnu' Mendelian Disorder

Ying $han’, Bin Chen', Jlanbin Hu', Xin Jin®, Peiquan Zhao®, Yiye Chen®, Yong Zhang’. Yisg Ua' 2 aLl' & L
Yingchuan Fan', Husamisg Yang”, Jus Wang", heaglin Yang'** I 2 T222
8cd Fro
- P ne - . 3 4 K o}
i i il ii of hzddt 3 £
t t LU i - -
I um ! ]
| coding ]
st o AT a B Dl LB
Mo

BRARR SR \HEND SHMNA
Genomic Accomplishments: Base Palirs to Bedside
TRERGN TRERGN TRERN NBEH A
L] sarna Sarnn Hrum ETER
Understanding the e Emproving the

Swructure of Genomes Bickogy of Genomes Mdm Sclence of Effectiveness of

1890-2003
Humen

nature
ExHE genetics
Exome sequencing identifies MVK mutations in
disseminated superficial actinic porokeratosis

w2 23 x4 |ns e

W1 OR2 W3 Re 55 ne Ak | me u

nM1ow2

* We performed exome sequencing in one unaffected and two affected
individualsfrom a DSAP family. The mevalonate kinase gene (MVK) emerged
asthe onlycandidate

* Sanger sequencing in 57 individualswith familial DSAP and 25 individualswith
sporadic DSAP identified MVK mutations in 33% and 16% of these individuals
(cases), respectively. All 14 MVK mutations identified in our study were absent
in 676 individualswithout DSAP.
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3G Objective

Application

* Personal genome &
Personalized medicine
Human Genome

= To discoverthe
relationship between
phenotype and genotype.

Complex

\"_""i_“/\___/

Population research

* To understand the
baseline and build the reference
standard of the population.

Basic research R

gg—;ﬂ; Our genetic testing strategy

Before Before
Prenatal
marriage pregnancy

Monogenic disesse

? Monogenic disesse

Monogenic disesse T e Hesring impsirment
e Hesring impairment

Hearing impeirment 7 : Inherited metsbolic
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What is monogenic disease?

You may also heard single-
gene disease, rare disease,
Mendelian disease

pEScY Challenge !

Estimated Worldwide Population Drug Orphas Designation T housand
who Suffer from Rare Discases Disease that affects less

than 200K people in the

US each year

US Gowt. passes Annual cost of treating
Orphan Drugs Act overy patent with an

AMERICANS

Suffer from Rare Diseases

1366

WY, genomics.

Million ©»n s
1in10 1383

RAXY

Percent

< Rare Diseases

N that have 3
v Genetic Origin
S e o e N\ N g

3G Background

+ asingle mutated gene, Mendelian pattern of
inheritance

« point mutation, deletion, insertion, frame shift

+ Autosomal dominant/recessive; X-linked
dominant/recessive; Y-linked

+ >7000 monogenetic diseases, 10-50 more every
year.

+ 1in every 200 newborns

» Genetic testing is the gold standard

WA QENCMICS.cn
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+ Nucleic acid amplification (gPCR, RT-PCR, MLPA)
« Sequencing {Sanger, NGS)
« array CGH, SNP array

PCR and Sanger sequencing are the two main techniques

available for testing are limited

Lack of genetic disease database, poor in analysis ability

(=T Technical strategy at BGI
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PCR,
Sanger
sequencing

i Technique principle

+ A customized chip containing a series of oligonuclectide
probes that specifically recognize the interested sequence is
generated. DNA sequence of target area can then be
captured by hybridizing to the probes on chip, following the
NGS and bioinformatics analysis

" ) {
&S99 B

[EYeT] databases
dhSHP Hapmap 1000 genome Local 100
£ oot ZENOME
frequency requency proje: database
II |
I
Normal persons SNP
database
| OMIM Newly reported I

J

DMIM: onfine Mendefian inheritancs in Men. A i

i . i
HGMD: Human Gene Mutstion Database. Cardiff University, UK hittp:fewwhemd cf scukfecindexphp
LOVD: Leiden Open \aristion Database. i
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S3C51 Advantages

*High throughput
Multiplex testing; detect 144 monogenic diseases (over 300 genes)

*Wide detection scope
Simultaneously detect point mutation, minor insertion/deletion (<20bp),
and large homozygous deletion/dupliction; able to find novel mutation

*Accurate and sensitive
Covers »85% target gene, sensitivity »5%%

*Automated bioinformatics analysis
Fast mutation identification; disease database and genetic polymorphism
database avaizble

e e e S e caae e
e —— I
— o . s, s s, s, s - e
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WWwW, genomies
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et Workflow

Patlem_:or Hospitl Clln!c‘.al
guardian — all ST
| Pre-testgensticcounzeling, Vel intary, conzentinfarmed | {}
[Pttt chbanibubiionniisi o § it ittt I
A est form fol
Payment | Requ Request for
i | 3 -and consent @ Eenetic tasting
1< & | |
JL
S i
Sample L »| BGIClinical : .
| collection™="%,| |aboratories |~ | SSaERating
[
N
Dactor
interpret Test report
report |

EXHEHA
Elc]
e BO1 Clinical Labotatorin (= piommges Bes BGI Clinlcal Labaralorim 1= FEmgm———

T e

Gt Tesiag Rpan i (S
et

Clinical

e . L Cimicareferemes

PEYT Report

30-50days
* Sequencing quality assessment (depth, coverage)

« Variation sites including deletion/duplications and single base
variations (dbSNP frequency, HapMap frequency, 1000 genome
frequency, local database frequency)

+ Possible mutations (nucleotide change — amino acid change)

s Interpretations

+ Reference
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¢ Patients with clear phenotypes

¢ Patients with suspected disease but not sure

¢ People with no phenotypes but have family
history

¢ Carrier screening

¢ Assisting diagnosis: provide genetic proof for
uncertain phenotypes

¢ Research collaboration: deeperunderstanding
of genetics, human mutations

www.genomies.cn

el Case; Duchene/Becker Muscular Dystrophy

#1 in 3500 live boy affected, 2/3 inherited from parents

®Muscle progressively dysfunction and sweeny. Sub-divide to
DMD (OMIM 310200) and BMD (OMIM 310376).

®DMD onset at age 2-8, immobilize at 15, kill at 20s due to
severe complications. X-recessive, mainly occur in boys.

®Mutation of DMD gene (Xp21.2-Xp21.3, 76 exons) causes
Dystrophin change

m !’fFI!U.J-.l "

www.genomies.cn

i

AHRA
=1

n

DMD homozygous deletion

. . 1n )
: | g| ii

about BO% of OMD iz caused by deletion. There are rare cases
caused by micro—duplication (5-10%). The rest iz caused by point
mutation or frame shift which can take place in the entire coding
region. Because OMD has wery long and large rumbers of exoms,
conventional methods such az Sanger sequencing is too costly and time— .

COnEUMIng. e
WA, GENOMICS,CN i T 0
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[ E 1]

DMD heterozygous deletion

[EULION

uono[ap-oiajoy |

wvav.genomics.cn

EXER

2
g

DMD duplication

[EUIoN

=
=5
=
=3
=1

www.genomies.cn
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EXEA
3G Case: Gavin’s Story

——Whole Exome Sequencing Finds Mystery Mutation by BGI

Bl -
LEii | e 4 b e o e e 8 o s o o g
-

Plamtoton L e e o e o o o A ot G b
A i o
B e ey e v T 0 vy S 4 o, o O e+

— rimi

With the Whole Exome Sequencing,

BGI found a new LCA mutation in 3

samples of Gavin’s family.

sy Exome sequencing identifies %‘;
NMNATI mutations as a cause of
Leber congenital amaurosis

* We sequenced the exome of an individual with LCA and identified
nonsense (50764, pTrpl69*) and missense (c.769G=A, p.GIuZ57Lys)
mutations in NMNATL, which encodes an enzyme inthe nicotinamide
adenine dinucleotide (NAD) biosynthesis pathway implicated in protection
againstaxonaldegeneration.

* We alsofound NMNAT1 mutations inten other individualswith LCA, all of
whom carrythe p.Glu257Lys variant.

M Coding W UTR :u::mmmnmmml.ﬂm
n
E287TK

.,

Figure 1 Schematic of the NMNAT] gene depicting NMNAT1 variants
identified in individuals with LCA.

Elc]] Disease list of Whole exome sequencing

Disease/c tion MNumber Mote Service type
of genes
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BGI in Denmark

Senvice

BGI Europe &S

T Genome pladform (10 Hiseg2000)

EABR .
31 Nijmegen adopt exome

sequencing as part of their
routine diagnostics practical

+ In the past two years Nijmegen have built the
experience in analyzing over 1000 clinical exomes and
the unprecedented power of Next Generation
Sequencing (NGS) applied to clinical genetics hold the
promise of changing the current paradigm of genetic
testing.

+ Nijmegen have recently (December, 2011) acquired
accreditation by the Dutch accreditation Council,
accepting whole exome sequencing as a clinical
diagnostic test.

WWwW, genomies

EAHRA The NUM-BGI joint lab
’ L 2
IO Trree—
Nijmegen {:} EXEEA
e BGH

M aastricht ~an
Panstric UG

l Makingthejoint lab work: l

Platforms Platforms

Knowledge Knowledge

Expertise Expertise
Diagnostic questions

High-throughput

Sample preparation

One space where people work together
analysis of pathogenic One joint organisation

and non-pathogenic
varants :

4.000 exomesin 2012-2013 for the Netherlands
Sanger vafdation

Expandingin2013-2015

Clinical interpretation Numbers > 10.000 exomes
Diagnostic reporting
Quality control

WA, genomics.

JRC.I.1.Form.CAT.032A Ver.3
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Bioinformatics
analysis andtools

development

Large scaledata
management

Cloud computing

-
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E1ST) NUM-BGI Joined Lab Workflow
BGI take carethefollowing part: Data analysis Genetics
- and Consulancy
interpretation|
_ BGl and NUM
together)
e
-
E ¥ QCIFastQC)
Histogram g
ofdepth 5
distribution in

EXOME - Mapping of reads to reference

* SNP calling and annotation
« InDel calling and annotation

Annotations -Nninnacidpmdiaionwilhﬂ}'r
= Amino acid substitution prediction
EABE S
=BG What’s in maternal blood?

vvav.genomics.cn

#

. Establishment of the
Non-invasive fetal Trisomy test (NIFYT)
using maternal plasma

n

2007
NGS5 Platform

WA GENcmics.cn
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FI2GI Clinical Validation Study( Phase 1, Double-blinded)

MIFTY Test Paositive Mo.
Mo, T21 T13 Ti3
MNIFTY Test No. 3464 139 64 10
Karyotyping No. 3464 183 63 10
False positive Mo. 1#* 1* o
False Megative No. 1] o o
Detection Rate 100.00% 100.005% 100.00%
False Positive Rate 0.03% 0.0259% 0.00%
Paositive Predictive Rate 59.45% 98.44% 100.00%
Specificity 55.97%  99.97% 100%
False Negative Rate 0.00% 0.00% 0.00%

BGI Papers on NIFTY

Clinical Application of MPS-based Prenatal Noninvasive
Fetal Trisomy (NIFTY) Test for Trisomy 21 and 18 in 5,853
Pregnancies with Mixed Risk Factors

. Noninvasive Fetal Trisomy Test (NIFTY): An Advanced
Noni ive Prenatal Diagnosis Methodology for Fetal
fand 1A a

T Lt Ly we— < posone

Wang', Xis Prenatal Detection of A loidy and Imbalanced
" 1A

Yuan', Niac ERE
shengpei €1 C gl by ly Parallel
Zhans e Sequencing
Jus Wang',
Shan Dan'", Fang Ohen"", Kwcng Wal Choy" ", Fuman Nang', Sngrong Un', Zhacing Xean', Wel
Wang', Shemy
Ihang'. X

e

pr f common fetal
aneuploldies by maternal plasma DNA sequencing

T Ko L™ Farng Chn”™, Ky Pt Bt ks K. ook, Fuman Aang’, Yihas L/, s Bang?, Xosc N L,
v Cherr’ & Xoeges Dhang®

S — g g R
o o B0 Sram e oo, U, "t o B e  ad Paweprin, S (v ooty o Y s
oo O et AHPA Gl R iatnoe o g Mociciow P Ooata, e
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High Accuracy

Early Pregnancy Screening

Noon-invasive

High Precision

Simple Sampling

E¥XBH
=BG

Certificates:

European

Commission
Feature
Digital sequencing with high throughput (Sol uencing)

Screening can be performed starting from the gestation period
of 12 weeks, wlnch allows early detection for a better decision
and better health benefits

Reduce mental stress of pregnant women, free of miscarriage
risk and less risk of complications which may occur in
antenatal diagnosis

99% sensitivity, 99% specificity

Only 3~5SmL of maternal peripheral blood are required

BGI Certificates

JRC.I.1.Form.CAT.032A Ver.3
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!SBX(ISBJ BGI Milestonef

2001 BGI-Hongzhou 2009 BGI-Hong Kong

2007 BGI-Shenzhen

1999 BGI-Beijing

—y

2010 BGI-Wuhan
2010 BGI-Europe
2010 BGI-Americans

EXEEA
=1 C ]

Genotyping &
Proteomics platform
- SNP genotyping

- Proteomics Mass Spectrometry
platform

QTRAP 5500°AB SCIEX

WVAY.genomics.cn

e
x
1 Integrated NGS &
g prOteomics & Imrl"hrlmhlrl Metagenomics
- | bioinformatics platform-
5 Genes In | Frotein-DNA
= ’ Network | chip-seq
. ::;:ts::n Frofeoms
. Gene mRNA, neRMA, smiall RNA,
Z expression | MICTo ENA, reguiatory RNA
] .
5 RMA-Seq (tronscriptom)
5 nome’ whole genome,targeted region
= gene varfation | T
21 ENFs identifying. InDel. Exome sequencing
:_ genome/ whole genome seguencing
- oene targ i cing
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BGI dry lab-computing facilities

nl o

#CPUS Flops RAM Storage

2009.01 1,500 18T 47B 2PB

2009.08 3,000 50T 107B 5PB

2009.12 5.000 100T 20TB 10PB
1,000PB

2011.09 50,000 [1.000T (1Py 200TB (1EB)

VAV, genomics.

Acknowledgement

NEXT GENERATION SEQUENCING
Made it easy by lllumina

ELTA 90

Trained specialists in San Diego and Cambridge
; employed by our own company

13

o o o s g A llumina
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A Sequencer for Every Need. Every Budget. Every Lab.
The Market Leader in Life Science and Clinical Approach
NGS Terms: Coverage; Uniformity, Sensitivity, Throughput, Capacity, Cluster
density, Raw accuracy, @ scores, Deep Sequencing, Number of reads,
Alignments, Bicinformatics Data Analyses, Homopolymer indel errors etc.

Redening e Powertl Twa proven teconalgles The mast widely My Samples. My
frajeciory of Flexibile COne powerlal platirm chied plaftform, now at Shudy Milseq
sequencing Soalanke nalf e price

HiSeq 2000 HiSeq 1000 HiScan5Q GA,y, MiSeq

: HNurmina
HiSeq 2500
Combining innovation

i—b

MiSeq HiSeq 2500 HiSeq 2000
* Clustering on-board * Genome in a day * Data rate
* Fast Chemistry * Clustering on-board * TDI scanning
* LongerReads * Complete walk-away workflow * Larger flow cell

* Longer 2x150 reads

E
N
S ————————
1 human genome 6 hlilnm1a[r)1 l_\gg:ogues
in a day 3 500 gene diseases in Neonatal scr. SRy

3 llumina'

Fastest Publication Rate

> 3000 peer-reviewed publications to date with lllumina sequencers

300@momatin Stranc-Spacific

Phising !? Exprossion -3 \\\V’

A {
2500 4 N, 4 MRNA-Editing
S CnAPET s / " Proceg
[ ,:L" v P e
Y «

2009 8 Histono Methytation ¢ " / T
4 5 N

s
% &/(. ONA Methylation |
- S&
1000 cniP-Seq ®
500
Imprinsng

" llumina

-
%,
%,

oo 008 L
a otei
"BCNpton Factors 59" Chamistry
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lllumina Sequencing Workflow

DNA
(0.05-1.0 pg)
Single molecule aray
Library Preparation -] ‘W'
1 2 3 4 5 [ 7 ] 9
A T T —
j Image Acquisition 3 Base Calling

Sequencing by Synthesis J:l

1. Incorporation

Primer

s llumina

Sequencing by Synthesis J:l

1. Incorporation
2. Scan

5 llumina

JRC.I.1.Form.CAT.032A Ver.3

Page 54 of 184



* X 5%
* *
* *
- *
* g Kk
European
Commission

Sequencing by Synthesis J:l

1. Incorporation
2. Scan
3. Cleavage

llumina

Sequencing by Synthesis J:l

1. Incorporation

2. Scan

llumina

Sequencing by Synthesis J:l

1. Incorporation
2. Scan

3. Cleavage

llumina

JRC.I.1.Form.CAT.032A Ver.3 Page 55 of 184



* Xk
*
* *
*

* 4 K

European
Commission

Sequencing ‘:J 4

llumina

Paired end
sequencing

Paired End Sequencing

M
—— 8
cnlien e
Sequenced strand is Blocked -4 Sequenced
stripped off 3'-ends = _ X
B — strand
j
3-ends of template 8
strands and lawn s
1
primers are unblocked 1
8
11
8
8
i t p: > 3 v/ H
= ' e ' &
s 3 s :
. 3 4 s M 1
P - i L &
H H
3 H
4 3
-~ = -
1 llumina
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Paired End Sequencing [;':;.,.] ’[“3:‘”] » [=......]

Single-stranded template loops over
to forma bridge by hybridizing with a
lawn primer

3-ends of lawn primer is extended

eccrcnes
Eeceecases
! '«((d((q((

feccececee

ece

[ ——

3’ extension

T feeccccecce
(cscosonys

llumina'

Paired End Sequencing [::;.,.] » [“'""“] ’ [“”']

Double
stranded
DNA

Wi ¢ 872
VY /1 § i i
ARy B 2b
¢ 1 ¢ 4 3
i 1§ < 1
3 $
15 llumina'
a a P Reraramch s-—e-.]
Paired End Sequencing [ ] ’[‘“’"”] ’[
Blocked
3'-ends
Bridges are linearized
and the original forward
template is cleaved off
Original
forward
strand
3 . 3 .
i H
g '} i
v VvV Yy i
1 llumina

JRC.I.1.Form.CAT.032A Ver.3 Page 57 of 184



European

Commission
I

Paired end sequencing ["?;"'] ’[“'m':‘“] » [___.]
{

Free 3’ ends ofthe Blocked
reverse template and _ 3'-ends

lawn primers are
blocked to prevent Sequencing
unwanted DNA primer
priming
y Reverse
Se_quencmg strand
primer is template
hybridized to ¢ q
adapter Tl B Y o L i
sequence : 171 L% H !
3 A g i oA
L3 3 | ¥i
§ vEY 12
P~ §1 /11
i /% i1 %
g Y/ § &
¥ 4
- e i
1 llumina'

Paired-End Sequencing
Gritical for a Broad Range of Applications

l rlgm l wrong

|

Seguence both ends of DMA fragment
Unique placement of one end can resolve ambiguous placement of other

De novo assembly of £ coli bacterium
= PFair info not used: largest sssembled fragment =128 Kb
= Pair info used: largest assembled fragment =326 Kb
Key applications benefitting from paired end reads:
= Small genome de novo sequencing
= Structural variant detection and scresning
= Owerlapping reads for applications nesding ultra-high sensitivity

1 HNurmina

MiSeq - Single Instrument Workflow
The World's Most Widely Adopted Sequencing Technology Just Got Personal

| 2011: MiSeqlaunch, NGS in routine |

Included On-Instrument:
Cluster Generation
Paired-End Fluidics
Computing for Primary and Secondary Analysis

1 llumina’
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MiSeq Instrument
Next-Gen Made Simple: Load & Go

DESIGNED FOR THE WAY YOU WANT TOWORK
Preloaded single use reagent cartridge
Positive consumables tracking

Auto flow cell positioning

Walkaway automation

= llumina

MiSeq System update

System launched Sept 2011
Rapid Benchtop sequencer

The most accurate and highest
throughput benchtop NGS machine
Applicationsinclude:

Amplicon sequencing Loman et al 2012

Protocol development

QC large scale runs

Seguencing bacterial genomes

Infectious disease

21 llumina

MiSeq Reporter
Builtin, wakaway bioirforrmatics

Simple on-premise bioinformatics computer builtinto the instrument
Mo userintervention required from sample loading to report generation
Custom bioinformatics reports for

— Reseguencing

— Amplicon and Cancer panel resequencing

— Small RNA&

— De nove assembly

— 185 metagenomics

— Library QC

CQutputs in fastq and bd format for maximum flexibility in downstreamdata
analysis

Outputs .bam and vef for maximum compatibility with any tertiary analysis
solution

Simple toread graphical reports accessible via any browser
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Amplicon Detail Report
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What?
BaseSpace is lllumina’s genomic cloud computing environment

BaseSpace

M

CAJ)
RAA™

Eliminates need for onsite storage and compute
Web based data managementand analysis
Tools for collaboration and sharing

Available for lllumina and non-lllumina customers

MiSeq Pushes Data to BaseSpace

4  Controt ! \
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= llumina'
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BaseSpace
The Best Place to Store Your NGS Data

Automatic push from MiSeq

Secure and reliable -
. Sie o use » BaseSpace

_ Reads and qualities
Sample and experiment descriptions

Analysis results

_ \ariants
COTRigs

metagenomes
ooUErage SEUECE
MIRNA counts

/’"‘* ——

BaseSpace Partners
Announcinglinitial App Partners!
Mikome (LStand X Omicia

INGENUITY" genomatix D

‘A"
- Genologics

by

Key Vendors in clinical interpretation, annotation, andvisualization.
Differing data models (thick client, web servies, hybrid)

Differing data usage (.fastq, .vcf, BAM)

Twenty additional vendors working to deployin BaseSpace soon.

ol -

BaseSpace Apps
v illuming
| Ao v Top 10 Apps:
: -
. B rrogects (021 [ Ay (12 Es—.uum :-—-u-u--
P npporiad
L
“ =
-
- } :mu =
PP o
.
¢ -
Nnoene
- e
Cowr ) Cowre ) m Cov ) m e (8)
Sk LReem ok an
LY NANGS  Knorme Doy Gendoges NS PRS.
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MiSeq Amplicon Viewer
= = R L
» llumina

Nextera and MiSeq
Sequencing's fastest time to answer for rapid variant analysis

7 ~Basac 0n1x 35 opresos v
£ S, llumina
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Author’'s Performance Summary

» Lowest emror rate

- Highest throughput per run

=Virtually non-existent hemeopolymer-associated indel emors
= Simplest workflow

- Generated longest reads
454 GS Jr = Most contiguous assemblies
- 0.38 homeopolymer-associated indel emors per 100 bp

= Fastest hourly throughput
= 1.5 homopolymer-associated indel emors per 100 bp

T PGM

Bl llurmina

MiSeq Had the Highest Quality Data

a 854 55 Junke (1421 Yor Torreest P {1+2) WA (30 i)
= 0 o
T F;\.
i » ol ]
kel n o
&
j e 0 1
[] [ ]
0100 200 300 400 60O 600 T &0 10 0 20 % 0 1w i@ 20
B e Basar o Basa st

MiSeq generated high quality data greater than Q30 alongthe length of the read
The PGN yielded no data above Q30 and a significantfraction below Q20

The use of a reference based quality scoring system allows for direct
comparison of data from each system

[ While NGS data can always be confirmed by Sangersequencing, "it's much ]

nicerif you can putthe sample in and walk away with a strong answerwithout
having to do too much extra validation.® Mick Loman*®

% VI T

= = Tumina

MiSeq Had Virtually No Discernable Homopolymer Associated Errors

] e ) e
= frer ey

(I

o.lll“ll- Illi|ll. (WP

B T T

%é‘_[,’,u,___ . hullt.u-

Tiamm zaRAm 2460W
b

MiSeq had <0.001 indel errors per 100bp

Serial addition chemistries suffered higherrates of homopolymer associated
indel errors: 0.38 for G3 Juniorand 1.5 for PGM per100bp

[ Dizcerning true indels from homopolymer induced indels can never be fulty addressed via ]

=software thus raising the potential for deleterious errors including frame shifts

e llurnina
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MiSeq at the Broad Institute

|

Presentation from Shelia Fisher

No hardware failures

No chemistryfailures

Z BROAD

INSTITUTE

L llumina

Nextera XT DNA Sample Prep

The fastest & easiestprep for small genomes, PCR amplicons and plasmids

Rapid Prep

— 80 min prep, only 15 minof handson time
Optimized for small genomes, PCR amplicons
and plasmids

Innovative sample normalization
— Mo library guantification nesded

Fastest timeto results
— DMNAto analyzed datain<8 hourswith MiSeq sy e

Ultra low input

— only a singlenanogram of input DNA needed

HNurmina

Extending MiSeq performance

Yield 1.5-2G

ReadLength 2x150

Mumber of Reads 5-7 Million clusters PF
Runtime 27 Hours for 2x150
Quality at 2x150bp 75% bases =030

Improvements in Chemistry and Imaging
— Increased imaging area
- Acoess second surface
— Improved SBS polymerase allowing faster kinetics
= Chemistry cycle time of approec 2 mins (from 2. Smins)
= Movel reagent formulation optimized for the MiSaq platform

lNumina
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NGS Application —Life Science and
Health Care

,» The 215t Century vaccination®

4

llumina

Did the Crack of Human DNA code are contribute to
Medicine?

Predictive medicine

Which loci are responsible for
developing of Cardio or other
chronicalldiseases - GWAS
studies

CFH gene — AMD high risk

llumina

SNP arrays - utility in clinical cytogenetics

Constitutional -
— ISCA and ACMG recommend testing with microarray first for following referrals:
= Mentsl retardation (MR}, Multiple congenital sbnormalities (MCA), sutism spectrum
dizorders {ASD), suspected microdeletion/duplication syndrome, upd syndromes
Preimplantation Genetic Screening - (PGS/PGED) lllumina + Bluegnome
Increasethe number of successful pregnancy rates
Avoid inheritance of Mendelian disorders

Higherdensityin 447 “disease genes

All pericentromeres and subtelomeres

Sex chromosomes

Commen regions ofinterest (e.g., associated
with known syndromes)

Regions contain ~2000 genes

iScanDx System

JRC.I.1.Form.CAT.032A Ver.3
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Application of SNP array for rapid prenatal diagnosis:
implementation, genetic counselling and diagnostic flow

MElgOrzEta Sreonisk, Marjan Boter, Greiel Ouoeshiljs, Markes Josten, Luigande Goueens
Diane Van Opsial, and Roberi-Jan H Galjzand
Europsan Journal of Human Genstics (2011). 1-8

G4 samples tovalidate the lllumina o T
platformusing Human CytoSNP-12 Loom sz
(HCS) e
Sawt mu

— (20 with a known (sub) microgcopic

chromosome abnormality, 5 with known s
maternal cell contamination (MCC) and Lengh smm
35 normal control samples). e 1
Ho false-positive or false-negative o egien ey

results.

ol
Prospective pilot study of 61fetuses Lo
with ultrasound abnormalities and a = e
normal karyotype testedwith HCS. :':n -
. [
]
e k

In 4 out of 61 (6.5%) fetuses, a
clinically relevant abnormality was
detected.

Genomic SNP array as a gold standard for prenatal
diagnosis of foetal ultrasound abnormalities, Now in
Erasmus Medical University

Srebniak et.al., Molecular Cytogenetics 2012 Vol3:14 doi:10.1186/1755-8166-3-14

Replaced karyotyping by a Human CytoSNP12 array in referrals of foetal LIS
abnormalities because:

HCS detects all clinically relevant unbalanced chromosome abnormalities also
detected by karyotyping (including triploidy)

HCS has 25-50X higherresolution than karyotyping - genome wide screening
for microdeletions and duplications

Employ on unculturedtissue (50ng)

Fasterthan karyotyping (mostresult sin one week)
Risk of undetected low level mosaicismis supported
SNP analysis nowthe preferredtechnigue

= HNurmina

MiSeq

Screening

Germline carrier screenfor mutationsthat
causeMendeliandisese
— Cystic fibrosis, Bloom syndrome, Canavan

disease, Familial dysautonomig, Tay-5achs
dizease, Gaucher's disease, Niemann-Fick
dizeasetypeA, Fanconianemia group C,
Sickle cell anemiz, B-thalassemiz, o-
thalassemis, Spinal muscular strophy

Larger panel of genes supported by
literature may be included

Forensic

HLA Typing - Stanford University, Palo Alto, CA
24003
NF - PGD

1 HNurmina
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Non Invasive Chromosomal aberration such as
trisomy 21 - Validated on lllumina HiSeq2000

Nenimasive presatal dagaows of fetal cromosomal
anecplondy by massvely parallel genomic sequencing
P of DNA in maternal plasma
B S et et e et ey l
OHK
CexkseHupane

N o
200N 0 W
o Kkten

Non-invasive prenatal diagnosis by e 11 ”" Y 5
single molecule counting technologies ,/’E

Powns WA O’ Onartes R Comtr’ wont ¥ M D 0/
@ llumina

Prenatal Trisomy Testing

(=)

S et e (1t e ot b s
T

=

Aria Diagnostics Verinata

 E

LifeCodexx in Germany, 15* Sqnm licensee, obtained the CE-IVD Mark

Sequenom

Sequenom: $1,700
Verinata: $1,200
Ariosa Dx: $995
LifeCodexx (Germany): 1,250 EUR
7= llumina'

What can exome sequencing do for you?

Identifying geneticvariants
*  Characterising monogenic (Mendelian) disorders
* Identificationde novo mutations
Characterising Complex traitdisorders
Characterising Cancer

ol
== b
E 1= saveral 10= 100+ 100,000+

NGS: WES/WES

!

& llumina’
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Whole Exome Sequencing help us diagnose correctly and
solve Undiagnosed Mysteries

Nicholas Volker, a 6-year-old boy. The first
year he was affected by extreme formof
inflammatory boweldisease,
characterised by multiple intestinal
lesions, fistulas etc. 100+ operations. Not
known the reason forthat. Doctors
ordered fullexome seguencing to find the
answer. Was find a specificgenetic lesion
in XIAP gene /basically associated with
blood disorders/ that indicated the boy
would respond to a bone marrow
transplant.

= llumina’

Nextera for PCR Amplicons =
Quick workflow for long or short range PCR

PCR AMP Pool Samples MiseqRun

Short Range - CFTR

T Exonz 50 min totsl Ny 238 [B.5hrs)
255415 bp rangs J 45 min hands on [ 12 patient samples J [ 2545010

Long Range - BRCA1/2

2 Amplicons .
50 min total Ny 2xT68(15hrs)
1-6kb rangs . £ patient samples
62, 5kb total J 15 min hands on [ J [ SE=QID

= HNurmina

Nextera for PCR Amplicons
Detection of mutations in CFTR with Short range PCR

Amplicons
L

1 3 w® | 1

e

—_—

AF508 5

*

[ 1 12 0
At - |
Bt ) i Het
WT282X
[151 - *
|miia | va
Het deletion

gl LT

‘Complete coverage of target regions at =300 depth
Complete variant concordance Collaharation with SiEven AbDS and Michake Yoy, London

= HNurmina
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Stages of Cancer

Risk Pragiction Diagnosls Prognosis

Canceris a disease ofthe genome

MNext-generation sequencing can potentially impact every step of cancer
management

There are 3 components to every cancer study:

patient + cancer + technology

= HNurmina

TruSeq® Amplicon — Cancer Panel
Hundreds of loci. Rapid prep. FFPE-ready.

Comprehensive Content

) X ABLL EGFR GHAS L RET
— =35 kb total including oncogenes suchas | EREEZ  WNFLA ML SMADs
BRAF, KRAS & EGFR L EREE4  WRAS  WOTCHL SMARCEL
— 212 amplicons in one tube; 42 genes e Gp L3 L3 X
A FGFRL JAKZ NRAS SRC

Unrivaled Multiplexing
— Up to 98 sample pooling on MiSeg
— =50% specificity and uniformity
— Detect low freguency varants (<5%)

:
a
[}

8§k
g
B
:

2fe
28
g
13
2

:
£
B

Unparalleled Workflow
— FFPE-enabled with sample QC Kit
— Mo gPCR guant needed for normalization
— Automated paired end sequencing with
MiSeq
— Pre-configured, automated data analysis

Forresearch use only

£ Nurmina

-r}'(pes Of Variation Copy numbervariation

—.—
Normal —guy—

Single nucleotide variation (SNVs) Deletion

* 2 CGATTGCTAGGATCCACAGATA

Duplication —
“f o> CGATTGCTACGATCCACAGATA -
a = CGATTGCTATGATCCACAGATA Inserts & Deletions
Structural variation (fS\f"s} Normal —E——
— Copy number variation .
— Inserts and deletions (indels) Insartion. —{——
— Inversions Delation 0
— Translocations Translocations
Mormal Translocation Inversions
Normsl ._m_)
»
kY
). Q=
= HNurnina
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Targeted Resequencing

Focusedon arestricted set of genes, selected based on priorknowledge

By selecting genes, results are easiertointerpret, can focus on actionable

genes. _ i
— ruSeq® Amplicon - Cancer Panel

-

-, -
-

5|

-
- - .

L
:- - -
-

-- - - -
" -
.. - -
F -
f<EilE cancer genss
X-adks: paflents wilh e same fjpe of canger
Genes wilh muiatlons are highlighted
Difierent mutstion proflies can Inform tresiment destsions

EEEE.

-

Deep Sequencing

[CAACACA G__| normal DNA
G
G G
G tumor DNA
G
somatic mutation?
CAACACATGAACACRATG ] normalDNA
AACACATGAACACATG
AAGACATGAACACATG
AACACATITIAACACATG
AACACA}'TAAEACC}S
AACACA TIA T A CA
AACACAT|TIAACACATEG tumor DNA
AACA ATI|ITIAACACATG
AIT|C A ATITIAACACATG
AIT|C A ATITIAACACATG
AIT]C A ATI|ITJAACACATG
s llumina'
RNA-Seq gene1 i L o ]

gene I mEn1
riengene - - 0 0- 200 22

split reads

Determine changes in cellular function

Expression levelzs of cancer-azsociated genes, such as genes
involves in metastasis.

Discover or confirm fusion genes

Determine the exact structure ofthe fusion or mutation
Asszessdamage to RNA processing machinery, such as changesin
splice variants

Fusion genescan bedetected with a high level of accuracy and confidence
Based on Lesetal Proc Natl Acad Scil & A 109:925-934

s Nurmina
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Familial Hypercholesterolemia (HF)
— HF: 1/ 500 people suffer this disease - Estimated 10 Milion affected worldwide

— Soon in Europe

— Have already CE/ND experience

— Wants te transfer their agsay ento MiSeq: CE-WD marking, Cost, NO emulgion PCR

— Ongoing pilet study using 2x250pb

Leukemia:

— 50,000 samples in Leukemia - largest centerin Germany

— ReferenceLabin Europe heading NGS consortium (IRON project)

— Successfully switched from Roche to MiSeg

— Have developed a Gene panel to analyze acute myeloid leukemia and

myelodysplastic syndrome

August 15, 2012

MLL Developing RainDance, MiSeq Gene Panel for

Myeloid Malignancies

HNurmina

Haloplex current protocol

S500ng per sample

0 M

113456788 mnn
Prriirrrrer g

DA digestion 4hr20m

Run gel of control lane

Hybridise Haloplex probes 12hr 20m
Capture target DA =30m

Ligate =20m

Remaove non-target DMA =1hr20m+
PCR amplify

Purify =10m
Tubde ] Themal whe oo mem b Ssnilen ool aTam et .
- e i i ek i
- E = AL st [ Temprowmr Tt
g & - 2 et Iy mactn e L.aY T8 ey
g3 s o L gl wT el
gl - M
gt T prr——
T e M mrwie
= S —
! L e’
= HNurmina
Metagenomics

Isolate DNA from single organism

Genomics

S5

JRC.I.1.Form.CAT.032A Ver.3
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Metagenomics
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MiSeq flexibility — samples vs plexity
A Panelwhich looks A Panelwhich looks at
at a single targetfor amanytargetsfora
many samples single sample

eqg. Routine CF eq. Cancer mutation
SCreening panel

= llurmina

Unprecedented Rate of Peer-Reviewed Publications

e~ o e
-
— - - L
Cpaer T - - e
= Cnber - | - e —
o e ey T
S e S e
- AND MORE...
2
& llumina'

w Dy Maastricht University * -4
ITFOM

Future of Medicine

European Best Practice Guidelines for Genome-based Information
and Technologies — The PHGEN Declaration of Rome

JRC.I.1.Form.CAT.032A Ver.3 Page 72 of 184



European

Commission
I

w P4 Maastricht University = Loinss’

Public Health Genomics (PHG):
translational research

»from cell to society”

“Public Health Genomics (PHG) is the responsible and
effective translation of genome-based knowledge and
technologies into public policy and health services for the benefit

of population health”

[Bellagio Statement 2005: GRAPHInt, PHGEN, IPHG]

w >4 Maastricht University wz""-'"')

1. What do we need to translate?

2. How do we translate (innovations into healthcare systems)?

JRC.I.1.Form.CAT.032A Ver.3
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w >4 Maastricht Unlvcnltywﬂ‘v

.. genomics is a ,moving target” ...

w >4 Maastricht Unlvcnltywﬂ")

.. from
single and linear systems

to

non-linear networks in systems biology and systems medicine ...

JRC.I.1.Form.CAT.032A Ver.3
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% la Maastricht University iy

Not only 4 P's ...

The Future Paradigm: The 4 P's

to Preemptiv

Transform Medicine from Curative

=)

N\

Era of Precision Medicine

) )

W la Maastricht University iy

.. not only beyond the 4 P’s, but also |A 2rend, 2008} ...

1. from common complex diseases
to “multiple rare diseases”

2. from diseases to “diseasomes”

3. from risk factor to “risk pattern”

4. from clinical utility to “personal utility”
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% la Maastricht University iy

The
Economist
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... obesity story (21.08.2012)

g vt & Do ®
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ORIGINAL ARTICLE
Infant antibiotic exposures and carly-life body mass
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weee @and also

(1) highly (in space & time) dynamic personal (health) information
(2) from statistical risks within groups to “individualized evidence”

(3) “virtual individual models”

MFoM (www.itfom.eu) — "ICT for health & health for ICT":
a radically new vision for healthcare!
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Lesdinng
W P4 Maastricht University =

The Idea —
Oganism = Computer

Life is the translationof the
information in the genome into the
phenotype of the organism:

The organism ,computes’ this
ph ype from its g ypPe, given a

{PentiumV} {neuronal net visualisation)

}

Phenotype

Genome

specific environment

b ]
< Maastricht University « /@y

http://itfom_portal.nakijken.nl

www.itfom.eu
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<q Maastricht University « @md

“From Stratified Medicine to truly Individualized Medicine”

* No existing groups, only individuals
- Every testwill be part of treatment. No result can be transferred to

another patient.
Every therapy is unique, not reproducible.

* No existing method on how to evaluate the new kind of technol

How can we fulfill the hierarchy of evidence, the golden standard to
prove the efficacy of a treatment?

* The patient is not only consumer of the technology, but also part of it
There is no boundary between patient and treatment.
The patient is a unique part of the technology itself.

ST S

“The contemporary clinical trials development process is like a duck-billed platypus, an
ism that no rational person would have designed a priori.”

[David Steensma, DFCl, JCO, 2009]

|
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w % Maastricht umnmey'&“?’wv

2. How do we translate innovations into healthcare systems?

w >4 Maastricht University @ «ms’

Translation in daily life

* Direct / timely implementation in healthcare quite low
(Literature, Patents, Market data)

« Identify 3 phases:
* Lab > Industrial application

* Industrial application > Market

« Market - Healthcare integration

JRC.I.1.Form.CAT.032A Ver.3
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b Lesdiny 4
q Maastricht University « @y

Technology Transfer (TT)

Addresses 1**two phases
Activity of the migration of
academic discoveries to useful U

application in the jj’
development of marketable
products or processes

TTO or valorization office

Most widely used activity in
business development or ‘@
academic research

Process, technique, method,

i®,

> Lesding 4
< Maastricht University « /@y

Public Health Trias (3rd phase)

JRC.I.1.Form.CAT.032A Ver.3 Page 81 of 184



European

Commission
I

w P4 Maastricht University = Loinss’

innovation & awareness & society

* Outcome,

w >4 Maastricht University @ «ms’

Public Health Assessment Tools (PHAT)

« HNA: systematic method of reviewing the health issues facing a population,
leading toagreed priorities and resource allocation that will improve health
and reduce inequalities

« HTA: multidisciplinary process that summarizes information about the
dical, social, ecc ic, legal and ethical issues related tothe use of a
biased, robust r.

health technology in a systematic, transparent,

= HIA: combination of procedures, methods and tools by which a policy,
program, or project may be judged as to its potential effects on the health
v ion, and the distribution of those effects within the population
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LAL Model: Learning Adapting Leveling
Journal of Translational Medicne 2011, 9:207

Absorption
Capacity

P Lesding
( < Maastricht University « /@y

“... we face a time when the taxonomy of human disease is being redefined given the
: & of pathological and molecular di btypes...”

[Nuria Malats, CNIO 2009]

.. we face a time when boundaries of disciplines are crossedand the understanding of
diseases is changed as it happened before with the jump from the macroscopic view in
anatomy to the microscopic view in cell structure...

Let’s get prepared intime —the futureis built today!

JRC.I.1.Form.CAT.032A Ver.3

Page 83 of 184



European

Commission
I

w P4 Maastricht University & Ly’

Public Health Genomics European Network (PHGEN)

“European Best Practice Guidelines for Quality Assurance, Provision and Use of Genome-
based Information and Technologies”

Declaration of Rome - 19.04.2012

www.phgen.eu
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* Applied Genomics in

the Clinic
JRC Workshop

17-19 October 2012, Istanbul

Ewa Stepien PhD,

Department of Clinical Biochemistry,
Division of Genetic Diagnostics and
Nutrigenomics, Jagiellonian University
Medical College, Krakow Poland

*Giemsa magic

Professor Bogdan Katuzewski, Metaphase chromosomes

Medical University in £6dz, Poland from human lymphocytes cell culture
Chairman of the Medical Speciality Advisory (Katuzewski, 1967)
Board of Ministry of Health for laboratory
acreditation in the field of Medical Genetics

The laboratories performing diagnostic tests
in the field of medical genetics in 1967
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The laboratories performing diagnostic tests
in the field of medical genetics in 1997

The laboratories performing diagnostic tests
in the field of medical genetics in 2009
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* Since 2002 Medical Genetics Specializations for physicians
and diagnosticians have been established.

* The aim of study for genetic physiciansis toachieve special
qualifications in medical genetics and, concerning current
kn e, management with affected patients and families
with higher riskof disease of genetic origin.

¥ A specialist in laboratory medical geneticsis a partnerfor a
clinician in consultation process. This issue is currently
important, garticuarly when the easy accessto the different
genetic testing has appeared.

* The additional concernin this matter is caused by necessity
of rationalization of treatment and laboratory costs. Without
this it is difficult to sayabout full accessibility to medical
procedures.

*Education in clinical
genetics

1. Specialistic Outpatient Care: 3. Mesieat services enasied in separate contracs:

* Complex genetic consultation:

* 9 points x 10.00 PLN = 90.00
PLN = 21.42 €

* Counselling in neoplasmatic
disease:

* 4 points x 10.00 PLN = 40.00
PLN =9.52 €

2. Specialistic Outpatient Care
(High-cost diagnostic tests):
* 28 points x 9.00 PLN = 252.00
PLN = 60.00 €

45 points x 11.20 PLN =504.00 PLN =120.00 €
* Non-neoplasmatic dizeases:
90 points x 11.20 PLN = 1 005.00 PLN =240.00 £

o prog; of prenatal diag
* Genetio Counsel:
4 points x 11.00 PLN = 4400 PLN = 10.45 €
* Utrasound testing:
30 pointz x 11.00 PLN = 330.00 PLN=T78.57 €
* Amniocentests:
30 points x 11.00 PLN = 330.00 PLN = 78.57 €
# Cytogenetics and Biochemioal tests:
120 points x 11.00 PLN =1 320.00 PLN = 314.28 €
Total:
184 points x 11.00 =2 (Z4.00 PLN = 481.50 €

* Financial Issues of Medical Genetics

EIrT e

in Poland - National Health Fund

JRC.I.1.Form.CAT.032A Ver.3
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Neoplastic
* Test of significantly decreased risk of breast
cancer =175.79 €
* Yest of moderately increased risk of
malignancies of various sites = 139.47 €

28 mutations!SIPs in BRCAZ, XPD, MCIR, VDR, CYP1B1,
P53, NOD2,CHEKZ, FGFRZ, MAPSK, TNRCS, COKN2A,
MTHFR, ATM and HES1 genes

* Colon Cancer High-Risk Test = 135.17¢

47 examined mutstions in MSHZ, MSHS, MLH1 and APC

senes

* High risk of breast cancer in populations of
Baltic Sea - DNA diagnostic test=117.20€

* Prostate Cancer High-Risk Test = 102.55¢

7 specific mutstionz in BRCA1, NBS1 and CHEKZ genes

* Availabi

European

Commission
I

Others (PGD)

* Paternity tests = 331.43 €

18 5TR and sex markers

* Smith-Lemli-Opitz syndrome (SLOS) =
1071 €

Nestation W1STX in DHCRT gene

* Omenn’s syndrome = 1071€
Mutations 1313T>C oraz 1357T>Ain RAG2 gene

* anneuploidy diagnostics = 1309 €
13, 16, 18, 24 and 22 Or 15,17, X, Y

* mitochondrial encefalopathy = 1071 €
rastation E140K in SCO2 gene

lity of genetic

diagnostics in private

*Private genetic
laboratories in
Poland

A/ INVICTA

laboratories

*Laboraties at outpatients
clinics (fertility clinics,
infection diseases)

*Laboratory networks with
easy access to tests
(internet ordering)

*Collaboration with foreign
laboratories

*Consultation of results after
DNA examination

JRC.I.1.Form.CAT.032A Ver.3

Page 91 of 184



European
Commission

*Establishing of two committees dedicated for
rare disease treatment:

* Operation Team for Rare Diseases

* Operation Team for Ultrarare Diseases
under the auspices of Polish Ministry of
Healthcare and with the cooperation of Polish
National Health Fund. The main scope for these
teams is increasing the availability of diagnostics
and treatment of rare diseases.

About the Institute n
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@iy a5 possble 30 35 1 vt Grease and dagrose and e NGW wven o efectidy than today. e onduct
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Condact Ipeciati courves o Goctoes and marses Som o) over Poland.
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wirt e

REGIONAL The Joba Paul 11 Hosgetal EUROPEAN UNION
’ PROGRAMME .Malopolska o= TE unoRAn RO

REGION

NATICHAL (C MM STATICY

Objectives
@ *to increase the availability of
STy or comprehensive care for patients with

rare cardiovascular diseases

*to increase our knowledge and
experience in management of rare
cardiovascular diseases

" Centre for Rare

Cardiovascular Diseases in

John Paul Il Hospital

AV ASGAR AL in 'K" gugw
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dk  “Personalized medicine

lectionfor tailored therapy
& cdon cancer KRAS 100 per year
* Lung cancer EGFR 100 per year ¥
* melanona
* BRAF several per year

* CLM treatment monitoring 200 par year

* BRCA1 sequencing 1000 per year

5 =
PGM lon Torrent »

* 4-copillary 3130 Genetic Analyzer ABl — I

* Bio-Rad's QX100 Droplet Digital PCR system

* RotorGene Real-Time PCR machine

Laboratory of Molecular Biolgg

™1

Holycross Cancer Cent

.\ﬁ.’-'lf

Kielce, Polan

= pr-¢|-

* Organization of genetic counseting in Poland covered by National Health

2 Starting education program in Medical Genetics (Specializations) for
physicians and diagnosticians.

& Esr.ab(]shmg new private laboratories and companies dedicated to dinical
genetics
= Increasing number of diagnostic centers equippad with highthroughput
methods in genetics
* Establishing of the international co-operation for genetic diagnostics of
rare diseases:
* Incorporation (2011) of The Children's Memorial Health Institute in
Warsaw to JOINT ACTION ,Development of the European portal of
rare disease andorphan dn.g ORPHANET Europe”

- Estabhshlnglzmuof Centrefor Rare Cardiovascular Diseasesin
John Paul 11 in Kr ated to rare oards dar dizeazes.

clinical genetlg dlagn ﬁtié

~rar

* Lack of comprehensive financial and education program
supporting development of scientific researchin clinical
genetics

* Dispersion of procedures over the list of guaranteed
services (so-called ,basket”).

* Lack of interest in introduction of quality control system
in genetic laboratories.

* Limited availability to prenatal and preimplantation
genetic diagnostics (high costs).

* Main failures in clinical

> 1t rerErt ~e T
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EU Policy on
Rare Diseases

Health information unit,
DG Health and Consumers, European Commission

The Commission Communication and the
Council Recommendation on rare
diseases

There is probably no other area in public health in
which 27 national approaches could benefit so
much from collaboration at EU level. The reduced
number of patients for these diseases and the
need to mobilise resources require a co-ordinated
European approach to be efficient.

Legal basis for the developments of the
EU Policy on rare diseases

A Community action programme on Rare Diseases, including
genetic diseases, was adopted for the period of 1 January 1999 to
31 December 2003 with the aim of ensuring a high level of health
protection in relation to RD. As the first EU effort in this area,
specific attention was given to improving knowledge and
facilitating access to information about these diseases.

Orphan Medicinal Product Regulation {Regulation (EC) No
141/2000 of the European Parliament and of the Council of
16 December 1999 on orphan medicinal products, was
proposed to set up the criteria for orphan designation in the EU
and describesthe incentives (e.g. 10-year market exclusivity,
protocol assistance, accessto the Centralised Procedure for
Marketing Authorisation) to encourage the research, development
S_nd marketing of medicines to treat, prevent or diagnoserare
iseases.
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Legal basis for the developments of the
EU Policy on rare diseases

Commission Communication COM (2008) 679/2 to the
European Parliament, the Council, the Economic and Socjal
Committee and the Committee of the Regions on Rare diseases:
Europe’ s challenges creating an |nte§|rated apf:roach for the EU
action in the field of rare diseases. Adopted 11th November 2008.

Council Recommendation on a European action in the field
of rare diseases recommending actions at national level to
|mCFIementthe EU action {e.g. National Plans for Rare Diseases).
Adopted 8th June 2009,

Decision of the Commission creating a European Union
Committee of Experts on Rare Diseases during 2009. To be
composed by 51 members representing Member States, patient’ s
organisations, industry, FP Pr%Jects, Health Programme projects,
etc. Adopted 30th November 2008,

Legal basis for théw_developments of the

EU Policy on rare diseases

Directive of the European Parliament and of the Council of 9
March 2011 on the aFfllcatlon of ?atients' rights in cross-

border healthcare (2011/24/EW) provides for the development
of European reference networks (ERNs) by Commission and
Member States. The ERN can improve the access to diagnosis and
the provision of high-guality healthcare to patients whohave
conditions reqmr_lnﬁ a particular concentration of resources or
expertise, especially for rare diseases. Deadline for transposition
the 23th of October of 2013.

Directive 95/46/EC of the European Parliament and of the
Council of 24 October 1995 on the protection of individuals with
regard to the processing of personal data on the free movement
of such data. (Data Protection Directive).

Directive 2005/28/EC laying down principles and detailed
guidelines for good clinical practice as regards investigational
medicinal products for human use, as well as the requirements for
authorisation of the manufacturing or importation of such
products (“clinical trials™)

From: Aymé S.,
Rodwell C., eds.,
“2011 Report on
the State of the
rt of Rare
Disease Activities
in Europe of the
European Union
Committee of
Experts on Rare
Diseases-PartI:
Qverview of Rare
Disease Activities
in Europe and
Key :
Developmentsin
20107, July 2011.
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Why an orphan regulation?

Rare diseases -» developing and marketing cost would not be
recovered by the expected sales

Persons suffering from rare conditions deserve same quality of
treatment as other patients

Pharmaceutical industry does not develop medicines for rare
diseases under normal market conditions

Dbjective:
- provide incentives that stimulate research and
development (push)

- modify market conditions (pulf)

Main incentives for orphan designation

Econemic / marketing

Fee reduction / exemption

Extended incentives for SMEs (post autherisation)
Market exclusivity

Product devefopment

Protocol assistance

Community marketing authorisation

National incentives (EC inventory)

Distribution of Opinions
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The Commission Communication and the Council Recommendation on rare dissases
- Main priorities

1. Plans and strategies in the field of rare diseases
Calls on the M5 to elaborate and adopt a plan or strategy by the end of 2013.

11. Adequate definition, codification and inventorying of rare diseases
Evokes the common definition of a rare dizease as a condition affecting no more
than 5 per 10 000 ?Ersons; aims to ensure that rare diseases are adequately coded
and traceable in all health information systems based on the ICD and in respect of
national procedures; and encourages MS to contribute adively to the inventory of
rare diseases based on the Orphanet network.

I11. Research on rare diseases
Calls for the identification and fostering of rare disease research at all levels.

IV. Centres of expertise and European reference networks for rare
diseases

Azks the MS to identify and facilitate networks of expertize bazed on a .
multidisciplinary approach to care, and foster the diffusion and mobility of expertize
and knowledge.

The Commission Communication and the Council Recommendation on
rare diseases

V. Gathering the expertise on rare diseases at European level

MS should share best practices, develop medical training relevant to the
diagnosis and management of rare diseases, coordinate European
guidelines, and, to minimise the delay in access to orphan druas, MS
should share clinical/therapeutic added-value assessment reports at the
Community level.

VI. Empowerment of patient organisations

MS should consult patient representatives on policy development;
facilitate patient access to updated information on rare diseases; promote
patient organisation activities.

VII. Sustainability

Long-term sustainability in the field of information, research and
healthcare of infrastructures must be ensured.

EUCERD

The Commission is assisted by an EU Committee of Experts on
Rare Diseases (EUCERD) to advise on implementation of the
Communication and the Recommendation.

The Committee is assisted by 2 Scientific Secretariat, supported
through the Health Programme.

Composed by 51 members representing Member States, patient's
organisations, Pharmaceutical industry, FP Projects, Health
Programme projects and ECDC + 12 Commission representatives
(SANCO, RTD, ENTR, EMA, COMP).

http:/fwww.eucerd. eu/

JRC.I.1.Form.CAT.032A Ver.3

Page 98 of 184



* Kk

* *
* *

*, %
* 5 K

European

Commission
I

Adequate definition, codification and
inventorying of rare diseases

ICD -10 revision
Information for patients and professionals

Orphanet

+ accessed by 20,000 users each day from over 200
countries . Still correct?

Rare diseases research
History of support at the European level

EU has invested in research on rare diseases for more
than 2 decades

FP5 (1998-2002): 47 projects funded, € 64 million in total

ftp://ftp.cordis.europa.eu/pub/lifescihealth/docs/reprint_rec48300_rare_d
is_080207.pdf

FP6 (2002-2006): 59 projects funded, € 230 million in total
http://cordis.europa.eu/lifescihealth/major/rare-diseases-projects-1.htm

EC support to rare diseases research
FP7 HealthTheme 2007-2013

66 ongoing projects: EC support around € 325 million

» Europe-wide studies of natural history and pathophysiology:
development of in vitro/in vivo models, registries and biobanks,
identification of biomarkers etc.

« Development of preventative, diagnostic and therapeutic
interventions, including pharmacological approaches and innovative
approaches such as cell and gene therapies, and regenerative
medicine.

« In most diseases areas: neurology, immunology, cancer,
pneumology, dermatology, uro-gynaecology, metabolism etc.
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Work Programme 2012 for Health Theme

€ 108 million earmarked for the
following topics:

Support for international rare diseases research
Clinical utility of -omics for better diagnosis of rare diseases

Databases, bicbanks and clinical “bio-informatics™ hub for rare
diseases

Preclinical and/or clinical development of substances with a clear
potential as orphan drugs

Observational trials in rare diseases

Best practice and knowledge sharing in the clinical management of
rare diseases

Horizon 2020: The next Framework
Programme for research and innovation

Proposed budget: €80bn, a 46% increase compared to FP7

Priorities: Excellent science
Industrial leadership
Societal challenges

International Rare Diseases Research
Consortium (IRDIRC)

Recent development
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Current 25 committed
members

- Representatives from funding bodies
Executive Committee - Chairs of the Scientific Committees

- Patients representatives

Scientific Committees

of scientists, patients,
industry, etc.

Lmrmn

Representatives of
funded projects
=
history

Names and biographies of appointed members on IRDIRC website:
http://ec.evropa.eu /fresearch /health/ @3 click on to rare diseases research

IRDIRC timeline
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Countries in Europe with a national alliance
for rare disease patient organizations

From: Aymé 5.,
Rodwell C., eds.,
"2011 Report on the
State of the Art of
Rare Disease
Activities in Europe
of the European
Union Committee of
Experts on Rare
Diseases - Part I:
Overview of Rare
Disease Activities in
Europe and Key
Developments in
20107, July 2011.

Pilot European Reference networks

Dyscerne: European Metwork of Centres of Reference for Dysmerphology (ended)

ECORN CF: Eurcpean Centres of Reference Netwark for Cystic Fibrosis [ended]
PAAIR: Patient Associations and Alpha 1 International Registry (PAAIR ) (ended)

EPNET: Eurcpean Porphyria Metwork - providing better healthcare for patients and their
families (ended)

EN-RBD: Establishment ofa Eurepean Netwerk of Rare Bleeding Disorders (ended)

Paediatric Hodgkins Lymphoma MNetwork: Eurcpean-wide arganisation of quality controlled
treatment (an-gaing)

NEUROPED: European Metwork of Reference for Rare PaediatricMeurclogical Dissases
[ended)

EURO HISTIO MET: A reference netweorkfor Langerhans cell histiooytosis and associated
syndrome in EU (on-going)

TAG: Improving Health Care and Social Suppert for Patients and Family affected by Severs
Genodermatoses — TogetherfgainstGenodermateses [en-going)

CARE MMD: Cissemination and Implem i fthe Standards of Care for Duchene
o A I o e

............................... O M P,

Directive on the application of patients' rights
in cross-border healthcare

The Directive intends to clarify patients' rights to access safe and good
%uallty healthcare in another Member State (MS), and be reimbursed for
it.

Increase transparency by making mandatory for MS and healthcare
providers to make public comprehensive and accurate information on the
services, the possible treatment options, the prices, and the guality and
safety of the services they provide

This Directive will increase cooperation between national health
authorities:

National Contact Points

Cross-border recognition of prescriptions

EU structures to implement projects on European reference, eHealth and
health technology assessment networks
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Art12. ERN

Art. 12 of the Directive notably foreseas enhanced cooperation of
Member States in the area of European reference networks (ERN).

Main goal is to facilitate improvements in the diagnosis and
treatment of certain diseases of conditions across the EU:

By the delivery of high-quality, accessible and cost-effective
healthcare

for patients suffering of medical conditions which could require a

particular concentration of expertise or resources, particularly in
medical domains where expertise is rare.

Article 12 : ERN

The Commission shall support MS in the development of
ERN between healthcare providers and Centres of expertise
in the Member States

Participation in the ERN shall be voluntary. Its members

shall participate and contribute to the networks' activities in
accordance with the MS legislation where the members are
established.

ERN shall be open to new healthcare providers which might
wish to join them, provided that such healthcare providers
fulfil all the required conditions and criteria

Milestones and timeline
for the implementation
(ERN)

geagold as e Ga|

g

%] Cantres of Rsfaranca CR fultiling tha Critania 1st ERN s
o =t EU toval 5
w 2
' =
B | Permanent supporting mechanisnt | e
o | e
8

c Lo i Evalustion existing RC Evalustion & ®

= & new CR Manasgement ERN
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EUCERD recommendation

Recommendations for Centres of Expertise
adopted unanimously by the European Union
Committee of Experts on Rare Diseases

Adopted on 24 of October 2011

Mot clefined

1 1 mternatianal
Registries o o

turopean
105

597 disease
registries

Projects:
+ EPIRAR
+ EUCERD JA
« RD CONNECT

Directorate for Health and Consumers priorities on rare diseases
Web site

Public health actions
http:/fec.europa.eu/health/rare diseases/policy/index en.htm

Contact point at DG SANCO
antoni.montserrat@ec. europa. ey
jarosiaw.waligors @ec.europa.eu
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CURRENT APPLICATIONS OF
MEDICAL GENETICS IN TURKEY

DR. AHMET YESILYURT
ISTANBUL
OCTOBER, 2012

TURKEY

TJurkey is rapidly growing country with

2 population of 75.000.000

There are some different cultural and

genetic diversity in Turkish population

This mosaic background makes the
Turkey very amazing country as well 35
some difficuities in genetic studies

Our knowledge 3sbout pgenetic
background of Turkish population still

insufficient

Distribution of Genetic
Diagnosis Centers in
TURKEY

Certified Diagnosis cznter by The

sk Minister of Hasith ANTALYA ' ' :
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WHAT WE ARE
PERFORMING

IN CUNICAL GENETICS
-Dysmerhoiogy
- Fetal examination

-Genetic counseliing

M. of

=

of complex di

IN CYTOGENETICS

- Chromosome analysis
- periferic blood samples
- amniotic fluid
-cvs
- cord blood
- skin biopsy
- tumor tissues
- HRB, NOR, C, R etc. banding

-Tissue cuftures

-FiSH
IN MOLECULAR GENETICS \ /
Patients S Pt Non-patients
~Capillary electroforesis-based DNA b A LAY AR
$ e =
Sequencng Patient ONA Nor-patient DNA
- maore than 200 single sene /
disorders Compare
differerces

B 10 Giscover

-5TR analysis SNPs assoclated
With Sseases
-Reak-Time PCR
Disease s0ecific SNPS

-QF-PCR
-MLPA
-Array OGH

-Molecular karyotyping in few center
-Next-gen based DNA sequencing in

faw cantar for routine dagnosis
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REIMBURSEMENT FOR
GENETIC TESTS
Social Security Institute (SGK] iz

responsible for reimbursement

using by SG‘;('

The frequency of the genetic test of
each genetic center can be followed
with 3 global system called
“MEDULLA"

PGD can be chargad for just some
disorders which can be trested HLA
typing compatible bone marrow
transplantation from siblings

The most challenging problam is to sat
3 new test using with next senaration
systems such 3s microarray. next-gen
sequencing etc

BOTTLENECKS IN

GENETICS APPLICATIONS
IN TURKEY

Lack or insufficieny of infrastructures

for genetic Gborstory in  some
university/state hospital

There is no enough wel-educated staff
to perform complex genetic tests

The educstion programme {4 year} of
medical geneticist is not
homogeneous

Educational activities are reguired to
increase the knowiedge in genetics
applications

Bicinformaticians are not sufficent to
evaluate complex and huge data from
highthrouhgput systems

WHAT WE PERFORM

Diskapi Yadirim Beyazit Training and
Research Hospital Medical Research
School

Our main go3l is perform transiational
studies from benchtop to bedside

- Regenerative medicine

-Stem cell research and applications

We are trying to make to implement
new or rare genatic test such 33 single

gene diabetes {MODY) in TURKEY
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Pancreatic Islet Cell
Research Center (PAHAM)
Dezarmant of Medcs Gemetca
“Seglc Sore Datcta (WCTY)
PO
*samilial ypxaicunc Mpocdcona
el aeNe (e
Csejonal ASed NecTian
sy azelc sewsiope
*Catmn (NOTCHS)
SBNAS, 5CPR, CRAS
SIWA 32
*Tedoraze
PaRc2 (Paer)
rNel
Tancy

mca
mez

PAHAM II

Cell Resesrch Leborstory

*Pancreatic islet isolation and
transplantation Iaboratory

+Stamcell rasearch iaboratory
Proteomic Laborstory

*Protein characterisation and analysis

for some disorders
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— HL&-A
— HLaB
— HLAaC
— HLA-DR
— HLA-DO
— HL&-DP

HLA Typing Laboratory

Tests for transplantation

= PRA (Class |-l TaramaMTanimlama)
=CDC

« Locus spesifik antikor Class -1

Animal Lab. Facility

“There are some specific rodents such
as spontanecus diabetic rat, obes,

nude etc

THANKS FOR YOUR ATTENTION

* www.medicalresearchcenter.org
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CYTOGENETICAND
MOLECULAR DIAGNOSTICIN
CROATIA

Prof. dr. Irena Drmi¢ Hofman
University Hospital Split
University of Split School of Medicine
CROATIA

ASONT Qe 10 Ine CANKS, 17-39 001 2092 latantul

CYTOGENETIC AND MOLECULAR
TESTING IN CROATIA

»
3"

4.5 milon indabtdtants. dded info 4 regions

CYTOGENETIC LABORATORIES IN CROATIA

Hospisl Bedes Dagred
Podore Cia Oy L ety
B Chncal Mongetal Conter  Soaters of Meroy
Pedatre Come Latormary Yo mecas perence
OChnital Moapitat Moy Spwt Cinc ot
Oeasetrce A Oymecciogy Cymngenenc Ladonory

Coumtety of Dr Faodies Soohes
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Chinical Hospital Center Sisters of Mercy Zagred

* Cytogenatic analysis of penpheral blood ymphootes
* FISH analysis for enumeration, microdeletion and

. Molecuéf analysis of nonsyndromec deafness,
ahondroplasia and hypohondroplasia, Rett syndrome
* MLPA

Chinical Haspital Holly Spirit, Zagreb

» Cytogenehc amalsis of fetal and penphetal Blood
hymphocies

« chonionic vili,

* amniosic fuid and

= SpOMHBNeS BRMDonNS

Medical Faculty Osijek

« Cytogenetic analysis of peripheral blood
lymphocites, and spontanecus abortions

* FISH analysis for enumeration,
microdeletion and microduplication
syndromes

* Molecular analysis of AZFs in male
sterility, congenital deafness, UPD15
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+ Medical Faculty Rijeka

« Cytogenetic analysis of peripheral blood
lymphocites, amniotic fluid and spontanecus
abortions

+ FISH analysis for enumeration, microdelation
and micreduplicabon syndromes

MOLECULAR TESTINGIN
CROATIA

* Molecular tests for Monogenic Diseases

* Molecular tests for Leukemia and
Lymphoma

* Molecular tests for Tumor Tissue

* Molecular tests for Risk Factors

* Molecular tests for Infectious Diseases

* HLA typing and Transfusion testing

» Molecular testing in Forensic Medicine

+ University Hospital Split

= Cytogenehc analys:s of penpheral biood kmphocibes,
amniolic fied and spontaneous aborions

= hiolecular anakysis
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MOLECULAR TESTING IN
CROATIA

» Molecular tests for Leukemia and

Lymphoma (AML, CML and chikdhood ALL
panels, Lymphoma clonality testing, ABL
mutation sequencing) - ELN Referal
center: Zagreb

* PCR., QRT-PCR and conventional
sequencing (Rijeka, & Split)

MOLECULARTESTING IN
CROATIA
* Molecular tests for Infectious Diseases

(HBV, HCV, HGV, HIV, EBV, CMV, HSV,
Chiamydia, Borrelia...)

» PCR, QRT-PCR and conventional
sequencing

* Rijeka, Zagreb & Split

MOLECULARTESTING IN
CROATIA
* Molecular tests for Risk Factors

(thrombophilia, stroke and myocardial
infarction, recurrent abortion)

* Rijeka, Zagreb & Split
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MOLECULARTESTING IN
CROATIA

* Molecular tests for Tumor Tissue (Rijeka,
Zagreb and Split)

* K-RAS, B-RAF, EGFR, c-kit, PDGFR, p53,
soft tissue tumor panel (sarcoma)

* PCR, QRT-PCR, conventional sequencing
and pyrosequencing

MOLECULARTESTING IN
CROATIA

* Molecular tests for Monogenic Diseases

(CF, AZF, neurodegenerative diseases,
MD1, FRAXA, Wilson, HFE, AAT, Gylbert

sy)
« University Hospital Zagreb

MOLECULARTESTING IN
CROATIA

* Molecular testing in Forensic Medicine
(DNA identification, paternity and matemity
testing
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MOLECULARTESTING IN
CROATIA
* HLA typing (high resolution DNA testing)

and Transfusion testing (ABO, Rh, HPA,
HNA testing)

» Croatian Institute for Transfusion Medicine

Zagreb

LABORATORY HARMONISATION 2010

BT Le=in W L =
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Tl = BT TR ]
= (= ==
dmm
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i |
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o= s ciEmE LA fimms
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Diagnostics

- S

Genomics and Genetics in Romania
2013

| 7Y
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Genetics /| Genomics

/éenomics\

“The study of functions

M and interactions of all the

genes in the genome,

including their
The study of genes and interactions with
of their effects. environmental factors.”

P 3
b Bl Prive, R, Vol 3473 8 B8

Progress in Public Health Genetics

Rare diseases Common diseases

. - ‘ Multiple genes
Single gene disorders ne | environment interactions

Progress in Public Health Genetics

Aaﬁ"iti&s
e =

: » Chronic diseases
» Newborn screening

* Reproductive health ) Infet?tlous iEEEEeS
. . » Environmental health
» Genetic services

» Epidemiclogy
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Romanian National Plan for Rare Diseases
Strategies

» Definereference centre and competence
centres

* Encourage participation in European networks

» Adequate standards for authorization /
recognition

Romanian National Plan for Rare Diseases
Strategies (cont)

* Encourage multidisciplinary approach

* Provide national network of screening and
policies in the field of rare diseases

= Supportthe use of information and
communication technologies (telemedicine)

Implementation

» As a first step, identification ofreference centres
on national level as leaders in the fields of
genetics research and medical genetics,
genomic technology, health information
technology, healthcare delivery, policy, program
administration, legal counsel

» All these come fromthe public and the
Academia
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< Medical . s
Academic B Bucovina cfiogenstics, FISH.
. PCR, MLAA

Moldova

Dobrogea

Oltenia

= National
:  Registryfor
* RareDiseases

Moldova

Dobrogea

Oltenia

Future
. Reference
Centres

Moldova

o
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Implementation

National Reference Centres

* Uniqueness in the country for a disease or group of diseases

= Development of the Mational Registry for the diseases under their
attention

= Clinical diagnostic and specialty perfformance investigation, treatment
initiation, development of guidelines on monitoring and treatment of
patients in competence centres

* Best practice guidelines

= Management of health programs on disease group

= Multidisciplinary approach

= Linking research

* Protocols for screening programs

* Report of prescription of Orphan Drugs results

* Information / education

= Collaboration with the European Centre specialized in rare diseases

= Participation in the European Reference Centers network

Implementation

Regional Competence Centres

= Applying best practice guidelines agreed upon with all
Centres of Reference

= Monitoring service delivery

= Information for Reference Centres and County Centres
= Qrganization / implementation of screening

= Setling up a database of reference specialists

= Prevention, diagnosis, treatment, recovery

= Collaboration with European programs, etc.

Implementation

County Centres

= Screening implementation

= Detection, diagnosis and monitoring

= Referral of complex cases to the centres of competence
= |nforming and educating patients, families, population

= Establishing and maintaining relationship with patient

» |mplementation, monitaring treatment and recovery
procedures and integration

= Evidence of patients and resources
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Implementation
County Centres(cont)

Infrastructure Development

DNA Bank
*

DNA
Coordinating
Centre

*
* Biomedical
* Pharmacogenomics informatics

Tissue repository Analysis Laboratory

Infrastructure Development (cont)

Projectedmodel:

Data collectionand retention
Data analysis

Hypothesis generation
Interdisciplinarity

Re-use of data
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Infrastructure Development (cont)

= Cenfral institutional review board / National Committee
(ensure continuity)

= Reorganization and sustaining the entities designed to
realize statistical and epidemiological studies

= Development of educational programs and tools for
physicians and other health professionals

= Computer infrastructure development

Interactions among Organizations

I\(:\mu.x
EBCCATIEN
CHRCETARS
TN

- Isv\(mu

oA
SV e
s <

Iz
DISEASE
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THANK YOU!

Applied Genomics in Cancer:
Sense and sensitivity

Dr Pinar Uysal-Onganer

".‘ University of Imperial College
Bedfordshire London

What is the biggest challenge facing biology in
the 21st century?

The need to deal with its incredible complexity
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Cancer is a leading cause of disease
worldwide

* 12.7 million new cancer cases occurring in 2008

* will increase to 22.2 million new cases each year
by 2030

* aleading cause of death worldwide, with 7.6
million deaths (around 13% of all deaths) in 2008

* Tobaccois by far the single mostimportant risk
factor for cancer and caused 22% of all cancer

deathsand 71% of lung cancer
L S% CANCER
B RESEARCH
Wity UK

New diagnhostic and predictive markers
needed

+ Specific alterations in genes and the proteins they
code for have been identified in many types of cancer

+ Alongside this, scientists are using the latest
microarray technologies to reveal genetic variations
between cancers of the same type in different
individuals

+ The genetic signature of a person’s tumour may
influence the outcome of radiotherapy, drug or
hormone treatment

+ Increasingly, this information will be translated into the
clinic, allowing doctors to tailor treatment to the
individual patient

Advances in cancer genomics and
molecular technologies are opening
new possibilities for diagnostics
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What has been done in UK?

» Rational clinical decisions on the management
and treatment of cancer rely on accurate
diagnostic information

* Molecular analysis of tumour samples has
been used to predict prognosis or response to
treatment, but should be complemented by
non-invasive methods for monitoring disease
progression or dynamics

Circulating DNA in plasma and serum include tumour-
specific sequences that are a promising source of
diagnosticinformation

Cancer
'p.-mnnt -‘\ Clinical
/ \ follow-up
% .
4
DNA from Tumour sample Serial blood \
(+normal) samples
. New
4 lecula
r ”’?D ecu '!f
// i ) diagnostic
. J tools?
Tumour-specific b Tumour-specific Quantification
DNA alterations molecular assay — of ctDNA

Pros and Cons of ctDNA measurements

+ The mechanisms through which tumour DNA reaches blood
circulation are unclear

+ ctDNA are higher in cancer patients compared with healthy
controls, but these differences are not consistent enough
for robust diagnostic tools

* ctDNA can be measured by trying together genomicand
molecular techniques

* These assays mustbe applied to body fluid samples such as
blood plasma that have been carefully collected and
processed to extract ctDNA.

+ ctDNA may be useful for identifying the presence of cancer
mutations, for detecting systemic or residual tumour
burden, or for non-invasive monitoring of tumourchanges
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Stratified Medicine Programme by CRUK

* When breast cancer drug trastuzumab
(Herceptin) became available to the NHS in 2006,
many hospital pathology labs were caught on the
hop

* Trastuzumab is designed to treat women whose
tumours contain high levels of a protein called
Her2, but having to routinely, reliably and
accuratelytest a tumour’s Her2 levels, as part of
‘business-as-usual’, was uncharted territory for
many pathologists

Stratified Medicine Programme is
partnership
* is being funded, to the tune of £5.5million

pounds, by CRUK, AstraZeneca, Pfizer and the
government’s Technology Strategy Board

* genetic testing labs with several hospitals
involved, samples from patients diagnosed at
these hospitals can be sent to one of these
labs for high-quality genetic tests, and the
results sent back electronically

Which patients involved?

* breast cancer

* bowel cancer

* lung cancer

* prostate cancer
* ovarian cancer

* melanoma
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Cancer types being Rationale
tosted

KRAS inbowel and lung  Mutations in this familly of genes have been found in these

cancer; NRAS in bowel tumour types and the implcations for treatment are the

cancae and melanoma subject of ongoing research. Cenain mutabons in the KRAS
gene have been found in pecpie who don't respond to
certain tyrosine kinase Inhibitor drugs.

Bowel cancer, lung cancer,  This gene is frequently mutated in cancer, and & the focus

melanoma of @ lot of current research, Drugs that target mutant BRAF
have also been used in clinical trials in the UK. A BRAF
Inhinor drug has recently been apgeoved in the Unned
States for use in matastatic melancma

Bowel cancer, breast The p53 protein product of this gene has a pivotal role in

AR, OVOran canced detecting. slopping division of and peogramming self-

abnormalitios of ONA. As a result, this gene s the most

commonly mutated gene in ol cancer types and the subject
of rrasch ongoing research.

Lung cancer Mutations in this gene can help predict response 10 certan
tyrosine kinase nhibitor drugs.

Lung cancer, breast Mutations in this gene are the focus of several labs

CONCRE, OVANAN CANCRE, workdwide, and there are a number of drugs that target the

melanoma protein & makes — P13 kinase — currently in clinical trials
workdwide

Metanoma CKIT gene mutations have been discovered in certain types
of makgnant melanoma and are the subject of crgong
research.

Broast cancer, prostate The tumewr suppressing and growth regulating furctions of

CAOCRE, OVANAN CHNCHE the PTEN gene are commonty kst in many cancer types
and $is is an area of current research.

Prostate cancer TMPRSS-ERG &5 the procuct of tao ganes (TMPRSS and
ERG) that fuse together in some prostate cancers and is the
subject of current research.

Lung cancer Thas gane product is the cesult of the ALK and EMLY genes

5 known as ALK Inhibitors and an ALK inhiditor drug
has recently been approved for use in the Ursted States.

Prostate is the size of a walnut and surrounds the first part of the
tube (urethra) which carries urine from the bladder to the penis

it produces athick whitefluid called semen
that mixeswiththesperm producedbythe
testes. it alsoproduces a proten called

prostate-specific antigen (PSA) that turns the
semen into liquid. aoarare

Prostate cancer

Generally affects men over 50, and is rarely found in younger men

It is the commonest type of cancerin men

Environmental and dietary factors are likely to be involved

Initially tumours are androgen-dependent and treated by
androgen deprivation

However, cancer often recurs in an androgen-independent
form

We are currently unable to predict which patients may or may
not respond to a specific drug

JRC.1.1.Form.CAT.032A Ver.3 Page 126 of
184



* Kk
* *
* *
* *
* 5k
European
Commission

TMPRSS2-ERG fusion correlates with poor
prognosis in PCa

= ETS-related gene (ERG) is important in hematopoiesis,
angiogenesis, vascular and bone development

+ TMPRSS2Z-ERG fusion is found in 40-60 % of prostate
tumours.

Next-generation Sequencing (NGS) and PCa

* assessment of the genomic landscape of
advanced PCais difficult (limited access to tissue
and large amounts of DNA required)

* most patients with advanced PCa do not undergo
biopsies of metastases as part of routine clinical
care

* NGS is a novel platform: requires little DNA and
can use tissue that is formalin-fixed and
embedded in paraffin

182 genes sequenced across entire coding sequence
and 14 genes sequenced across selected introns
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Beltranetal, 2012
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TMPRSS2:ERG fusion (44%)
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NGS provides new insightinto genomic alterations

* some molecular alterations arise early and persist during disease
progression:
— they may be driving events

— potential biomarkers to use cancer diagnosis and guide the
course of patients’ therapy

* FFPE tissue, including needle biopsy material can be used

* little amount of DNA is enough to achieve deep sequence
coverage

* step toward designing targeted assays to detect driving mutations

* has potential to lead to find new biomarkers, drug targets to
guide the development of future therapies

with some controversial debates

* should we test and pre-treat potential cancer
patients? (breast andovariancancer examples)

* should we keep (NHS) patientrecords to be
available for research?

pn'mum non nocere
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Conclusion

NGS studies have led to significant advances in
our understanding of the cancer genome of
several tumor types

Current efforts are aimed toward bringing
sequencing discoveries into the clinic in the
form of biomarkers (diagnostic, prognostic,
and predictive) and biomarker-designed
clinical trials

A new era of personalized medicine is
on the horizon

however,

the new discipline of public health genomics,
which seeks to evaluate the use of emerging
genomics information effectively and
responsibly to improve the health of
individuals and populations is essential

Closing remark

It has been 10 years since the Human
Genome Project was drafted, and we are still
asking how genomes will help healthcare
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Analysis of Genomic Data:
Linkage and CNV Analyses using
whole genome SNP data

1453 e

Sibel A. Ugur Iseri, PhD

Istanbul University, Institute of Experimental Medicine (DETAE)

Workshop on ‘Applied Genomics in the Clinic’
18.10.2012

* Disease gene identification through
linkage analysis of whole genome SNP
data in families with rare recessive
disorders

* Genomic profiling of copy number
variations (CNVs) with SNP arrays

From Genome Scan to Disease Gene
Identification

* Locus and gene analyses starting from the
initial genome scan data
+ SNP data generated on lllumina platform

— Whole genome SNP array genotyping in
extended pedigrees with AR Inheritance
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The Strategy

Statistical analysis of the whole genome SNP
array data using linkage software

— Detect genotyping errors

— Calculate two and multipoint lod scores

— Constructing haplotypes

Refinement of candidate loci with genotyping
(additional microsatellites and/or SNPs)
Candidate gene approach

Exome-Targeted sequencing

Disorders Analyzed

* Progressive Epilepsy
— AR pedigree with multiple affected individuals
* Anophthalmia (absent eye) —
Microphthalmia (small eye)
— Developmental eye defect
— 25 % of childhood wvisual impairment

— Two AR pedigrees with similar malformations
of the anterior eye

Progressive Epilepsy

300k array (=)

Evtdsacn | BNl ich

e o e ‘m W 00 W O

E11.230 (RICH E11-2304RSCT) EV1.207 (RICY) EN1.209 (R4CT) EN0.236 (RSCH EVLIW (RSCT) E1RM  E1235 EN1.208 (ReCH E1RM
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easylLinkage Platform
Linkage and Haplotype Anayses with different programs
(GeneHunter, Allegro, Merlin, SimWalk2) under the same platform

easyLINKAGE Plus - Automated single-/multipoint linkage analysis
for large-scale SNP data and microsateliites in an user-friendly Windows environment
K. Hofimann', TH. Lindnee®

wimna, Hrbnt vy, Ay At rgor Pis |
81 Fiomcet, Wencicnl O 7/ Unsearsiy of Eriangen-Worber, Brostm.er 57

Two-point analyses

Singe chromosome Genome scan

Lmhl.‘luu.h.d

Multipoint analyses
chromoseme Ganome

Siegie
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Genetics to Clinical Diagnosis

+ ~ 5Mb Region, 100 genes

* CSTBencoding a protease inhibitor
— Myoclonic epilepsy of Unverricht and Lundborg

* Dodectamer repeat expansion in the promoter

Anophthalmia-Microphthalmia

* Whole genome SNP array genotyping in
two extended pedigrees with AR
malformations of the anterior eye

* Candidate gene analysis
— AR FOXE3 mutations, full penetrance

Family 1
Phenotypes

R L
Aphakia,
Sclerocornea
mmicropmhalmia
Sclerocornea,
Glaucoma
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Family 2
Phenotypes

géoo b0

13 13

o7 O
¢ oo

2&nrld 28nal 5
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Microphthalmi rocornea, Aphakia
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FOXE3

- Encodes a lens specific transcription factor
— Forkhead domain: 110-amino-acid highly conserved
DNA binding domain
+ Two spontaneous Foxe3 mutations cause
dysgenetic lens phenotype in mice (dy/ mice)

— Connection between lens and comea

— Failure of the lens o separate from overlying ectoderm
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Results: Family 1
44>G: AR inheritance in 6 affected and 24 unaffected members
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(L {0CW Y (K
MomaTygute "

+ c.21_24del: AR
inheritance in 3 affected
and 9 unaffected
members of Family 2

p-MetTllefsX

W 4 bp deletion creating a
frame shift and premature
n\‘- ] A.li““ stop codon

\) ‘, § p-Met7llefsX216
m‘; MU — Abnormal and truncated

; " protein after 7 residues
\ |“. JJL‘ B — Null allele

Screening FOXES3 in 236 Subjects:
Dominant Inheritance

Microphthalmia, Sclerocornea, Peters’ anomaly,
1° Aphakia, Cataract (early) and Colcboma

Microphthalmis, Microcornes,
Cerulean Cataracts (blue dot)

A‘A A

c.146G>C; p.Gly43Ala
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Target gene for diagnostic screening in a broad
spectrum of eye anomalies

Homozygous null FOXE3 mutations in inbred

pedigrees

— Null mutation; abolishing DNA binding

— Normal carrier status

Heterozygous FOXE3 mutations in two pedigrees

with complete penetrance

— Variable phenotypes and range of infrafamilial
severity

— Gain of function mutations?

Genomic Profiling of DNA CNVs
with SNP arrays

Children with multiple congenital anomalies and mental
retardation

llumina 300k array

Scan the genome for CNV's

— Molecular Karyotyping with SNP array

Use of normalized BAF and LRR values

GenomeStudio-KaryoStudio

— cnvPartition

— 3rd party programs (QuantiSNP, PennCNV, Nexus
Copy Number eic)

SNP array detects a microdeletion

A child with microcephaly and ocular findings
Normal karyotype
1.65 Mb deletion on 22g11 confirmed by FISH

: [Ganome studio

D I R S P T Rt ]

i et .

£ gy mior
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21 Mb Amplification on
chromosome 2p

To Sum up,

+ Versatility of SNP array genotyping

+ Spots regions of the genome associated
with the phenotype
* Small CNV events, unknown regions
— Databases, in-house data
— Parental testing, de novo events?
— Related genes in region?

Applied Genomics in the Clinic Workshop
Istanbul University, Turkey
17-19 October 2012

SNP Genotyping Microarrays, Data Analysis Basics
&
Data Interpretation

ilker Karacan

Done g
Genelik
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Qutline

# Background

* Microarray

* SNP

# SNP microarray technology

# Qutcome of a SNP array - One SNP analysis
» Data analysis

»CNV
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Microarray

* Base-pairing hybridization

Parallelism (more than one test)

Multiplexing (more than one sample)
* Miniaturization (a few cm?)
* Automation (chip production, reagents)

Microarray

v Availability of whole genome sequences
v Advances in micro-nano technology
v Advances in computer science

High-throughput system that can measure
thousands of data simultaneously

SNP

= Definition: Variations in single base pairsthat arerandomly dispersed throughout
the genome(every 100 to 300 basesalong the 3-billion-base human genome)

= At as measuresof genetic diversity within the specie
[i.e. 20% of human genetic varigion)

= SNPscan accur inboth coding (genes) and non-coding regions of thegenome
*  ManySNPs have no effect on cell function, but others could predispose peopleto

disease or influencetheir responseto a drugor other factor

1
-

SNF databases:
*  HAPMAP (http://hapmap.nckinim.ningov/)

= dbSNP (http:/frww.nchbi.nlm.nih.gov/projects/SNE/S)
*  Ensembl(http fwwe ensembl.ore ) ] L1k 4 T
1 Flo). .
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HapMap

+ Large project to identify SNPs in humans.

+ A catalog of common genetic variants that occurin
human beings.

+ What these variants are, where they occurin our DNA,
and how often they are distributed among people
within populations and among populations in different
parts of the world.

+ HapMap project opened door to whole genome
genotyping platforms

Snp detection platforms

+ Tagman assay—Applied Biosystems
+ SNPStream assay—Orchid Cellmark/Beckman Coulter
+ iPLEX assay—Sequenom

++GoldenGate genotyping microarray— lllumina
+«+Infinium genotyping microarray— lllumina
++GeneChip microarray— Affymetrix

[llumina Infinium Arrays

Omnl Whobs-Gamome Arrays

BaadChip Areay Format Markers per Sample HumanCytaSNP-12 HD BeadChip
: s # 299,140 markers
’ # 12 samples per BeadChip
8 2.5 million > 6,2 median marker spacing
L] 1.75 mison }
»

Reprodudbilty *39.9%

Densecoverage of ~250 genomic regions
i —— [commonly studied in cytogenstics labs)
Non-polymorphic probes

Subtelomeric, pericentromeric and sex
chromosome COVErage

v Most cost effective BeadChip

Omni Semi-Custom Whele-Gensme Arrays

¥

BaadChip Array Format Markers pes Sample
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SNP genotyping array applications

Genotype Analysis
Linkage studies
Whole-genome association

Whole genome LOH / copy number variation
analysis

[llumina Infinium technology

Low amount of DNA required ] <

(200ng genomic DMA)
Singletube sample preparation [T
Whole genome amplification witho

Hybridization
Single base extension A
el
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How the data generated

Two-color readout

Normalized intensity values (R) and allelic
intensity ratios (8)

These values are used to calculate two metrics
for each SNP marker in a sample LRR (Log R
Ratio) and BAF (B Allele Frequency)
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A
Lowered R
“a—den s e—— signalsindicates
i deletion
-

LRR is calculatedfrom Rvalue
BAF is calculated from Theta value

Outcome of a SNP array

COPY NUMBER ANA

AAA AAB ABBBEi

f b

AL 68y

B Atels Fongmncy

Gonotypes

Array CGH: The Complete Process

Saep 1.3 Patsect andd cOntrol DNA ave Libeded with Buceescent dyes.
20 appled Y0 e FERCROMRY,

Saepd  Putert 300 Contrl DINA Compete 10 LN of bytndae,
10 the micatay.

St The sy sanner e Baokicert Sl nterrty,
Step6  Computer soltwane Ut B dita ind gereraten 3 pkt

Sop s e

—u&fl.l—

[
’ L
i

y ComPUTER oATA Mot
[
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aCGH - SNP array

* Both platforms have reduced sensitivity in detection
of duplications (3 CN) compared with deletions (1 CN)
when using signal intensities

+ However, SNP arrays offer an additional metric (BAF)
that enables a more accurate detection of copy
number than aCGH does.

+ BAF is also very informative to detect LOHand UPD
regions.

"?'“/r I

m. w1, 1L, |
i i Qw {f

(L
il

Reciprocal Urbatasced Low-Level
Polyploldy  Anecsloidy | Translocasion Aserration Amplfication  Mosaicism  Copy-Neutral LOW
a
4 copaes 3 copies 1 copy 0 copies UPDABD Mosaickoss Mo gain

L L 2SN
KRR,
b £ ek (SRR
5 a R v i il
£ 8 AT .
3 I——
H bt M Bme ol Lo TSI L PR T T
7 tartANt
2 et an ) ) o
R a0 LSl St A L
” l’.. . o
. o—— 1 s dh— I * et e W8 Pl o ® 2 4 STt A S N e

Position
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Data analysis

Types of softwares

* lllumina software (BeadStudio,
GenomeStudio)

* Commercial softwares (BioDiscovery,
GoldenHelix, Partek etc.)

* Non-commercial softwares (PennCNV,
QuantiSNP, CNVision etc.)

Data analysis

Three types of possible analysis

* Genotyping analysis

* Specific SNPs sets analysis (= genotyping)
* Copy number analysis

= LOH analysis

Data processing flowchart

Data collection
mage waneeg Fom SN geretypeg moTsETay

LRR and BAF calcutaton

Duta NIt UG @V CONDITE METOAN

CNV call

NV arecson ane srvotston
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Copy Number Variations

DNA sequence which is differently represented
among individuals based on its deletion or
duplication.

Cnv detection

Methods to detect structural variation
1. Experimental methods

* Hybridization-based approaches (SNP
microarrays and aCGH)

* Single-molecule analysis (optical mapping)
* PCR-based techniques

2. Computational methods (NGS)

CNVs are common

AL T e, P00 T e WD) 14880 Saam 08 e 33

Population analysis of large copy and of human genetic disease.
Sare A Cooper O Beter C Qewmues 3 L1J Abater D fompns S0 Myery S0 Sigigr P, Chpumpe O Mefioeg ¥, Yong 2, Maperapn DA, Dgteer £F
et of Garuore frarce Sias f Vet il f ARG Seem AR W USA

Abstract
Capy rumter vararns (ONVS) 0ortmtate 10 humar garetc snd Jherctype Sventy Howsver Te Ssttutor of g ONVs = Do gerers
DO Wmare ey e W Dertly g8 (XTarTS P aGRoR ety 1D FOvitume by Arg Tumre SN Cata i ar
enghass on Notepots” prore 10 moumert mutstions We fnd vanarts leger Pan 500 4D = SN0 of ndvedusie and vanarts greater Pae |
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Genome arrays for the detection of copy number n mental
and Y for
and research.
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Molecular karyotying examples
* Trisomies

* Deletions

* Duplications

* LOH regions

Trisomy 13

sEECME T TN AN R R

Biieie Freq
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600kb Deletion on chr 12
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108kb deletion CN=0
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1.6Mb amplification on chr 4

5 alieie Freq
-
1

R RTS PO

|
O M

Copy number =4

COTDE N EECNDD N OE EHEED

Mosaicism

15%  40% 50% 80% 85% 90%

A o% 5%

nine patients withvarying levelsof mosaicismfor deletions involving autosomes
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C 0% 5% 10% 20% 40% 50% @ 100%

seven patientswithvarying levelsof mosaicism for trisomies

Mosaic trisomy 8 (40%) withan altered pattern nea the telomere of the
p-arm demonstratesUPD

X chromosome reveals only a single genotype at all loci

MNotethatthelogR ratioreflectsa 20% incressefor the normal levels expecteding
maleandthe B allelke frequency of pseudoautosomal regions appears simikar to
thatseen withtheautosomes.
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Data interpretation

* dbVar (Database of genomic structural
variation) http://www.ncbi.nlm.nih.gov/dbvar

* DGV (db of Genomic Variants)
http://projects.tcag.ca/variation/

+ DECIPHER http://decipher.sanger.ac.uk

+ DECIPHER tracks on UCSC GenomeBrowser
ex:12q14.2

Renal Cell Carcinoma Example

+ Nearly 100% of RCC have loss of 3p

+ Loss of 9p =*independent predictor of poor survival
in patients

+ Loss of 14q 2associated with higher grade and stage

= |
Workshop on "Applied Genomics in the Clinic" —

Chromosomal microarray in prenatal diagnosis: overview of the
actual application and experience of TOMA laboratory

Francesca Romana GRATI, Ph.D.
Prof. Giuseppe SIMONI
farati@tomalab.com

gsimoni@tomalab.com
TOMA, Advanced Biomedical Assays, S.p.A.

Istanbul (Turkey), October 17th —19th, 2012
Istanbul University Rectorate Campus Kiliclik Hall 15 B

O

DISCLOSURE s
"1, oran immediate family member, including partner, have no financial i 3
relationship(s) relevant to the content of this presentation” s

ST . | RS
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Overall incidence of chromosome abnormalitiesin
prenatal samples detected by conventional karyotype

(1994-2011; all indications are considered)

Abnormal karyotypes
n. %
CvVS 59.000 4,25
AF 135.000 2,12
TOMA lab cytogenetic audit
$
rona
A i‘)‘v?\{, ED
S

Detection rates of prenatal karyotyping according to the
indication for invasive PD

(only chr abn leading to substantial phenotypic effect are reported)
Partial experience of TOMA lab on 84470 AF and 30658 CVS

TYPE OF PRENATAL SAMPLE

=352V .

INDICATION FOR INVASIVE PD VS (%) AF (%)

Anxiety-no specific indication (<35y) 1,22 0,61 |

normall 27,86 1T,
Parent carrier of a chr abn 10,55 1,15
Previous affected child/fetus 2,13 0,72
| Increased MSS for DS 7,6 2,28 |
Chr a_5n In a relatve 1P 0,88
| Fetal demise 8.6 3;16.
Other 0,76 1,13
Confirmatory amniocentesis after CVS abn. -—- 5,06
TonA

Gratieta) 2010 i a0
Ly
4

P ., [ NS s

Incidences of T21, T18, T18, 45,X in PRENATAL SAMPLES out of all
chromoseme abn leading te substantial fetal phenotypic effect in the first

and second trimester

AP MEIETY (a3

ANXIE
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New technologies for genetic diagnosis on CV and
AF samples

Through the development of advanced genome-wide or targeted
techniques to interrogate the human genome, new methodologies are
becoming available for prenatal diagnosis, and the implementation of
these methodologies into healthcare provision is changing the landscape
of prenatal diagnosis

PRENATAL BOBS QF-PCR MLPA
; e - = =

- is
lll.ll -Ill-ll Wi muEe l§
e W tirralsh com

Frequency of supplementary investigations after

a first-ier karyotyping in “high risk” pregnancies

« Molecular tests on amnio & CVS: 1.2%

(FISH, MLPA, CMA, QF-PCR, UPD test, QF-
PCR, etc...)

« Amnio after CVS : 2,05 %
(mosaic in CV)

TOMA lab cytogenetic audit

3
Their application is mandatory in challenging prenatal cases and ”mN 5
efforts have to be done to clarify their pathogenicity and X it
_prognosis

e o N e
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UPD condition exclusion on AF after a mosaic trisomy
for an imprinted chr in CV: in 0.5% of CVS analysed
(~1/200) (Grati et al, 2006)

Increased risk of false negative result due to the
incompleteness of the combined cytogenetic analysis on CVS
(STC+LTC) (Simoni et al, 1987; Lilford R] et al, 1991;
Ledbetter et al, 1992; Pittalis et al., 1994)

Apparently balanced ‘de novo’rearrangements: 0.09%

in AF and CVS (~1/800) (Giardino et al, 2009) —

Marker chromosomes: 0.1% (~1/1000) in CVS and 0.06%

(~1/1600) in AF (Liehr &:Weise, 2007; Dalpra et al, 2005;

Malvestiti et al, ISPD 2010 personal comunication)

Fetuses wiil us abnormalities and an appanently
(Gignac et al, 2006; Kjaergaard et al,

Array-based Comparative Genomic Hybridization

Control DNA

JRC.I.1.Form.CAT.032A Ver.3

Patient DNA

DNA from a patientand a normal control are isolated, differentially labeled,
and co-hybridized to corresponding DNA segments on the array. The slide is
then washed, scanned, and analyzed for DNA dosage alterations (gains and
loses)hdmlndby ﬂmrabos.ﬂ\eresdisarebasedm
comparison of the patient’s copy number to the control’s copy number.
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Oligonucleotide-based Array CGH
Array CGHmost often uses synthetic oligonudeotide (oligo) probes

¥

|d
-

— . _SWmaun‘S.wl.niz-Ewmm Prafie — —

PPy g

= — — — Genoolyphix:
' " \Whole Genome View

2 Chromosame 7 b -]

111

Microarray-based Cytogenetics

Q simultaneous and comprehensive identification of both microscopic and
submicroscopic unbalanced abnormalities

0 Essentially a simultaneous FISH experiment with thousands or millions of
probes

Q Objective, gains or losses easily identified, genomic location known

Q Very high through-put with 2~4 day turn-around time after DNA
extraction -

0 Comprehensive — high resolution in density and genomic coverage

—

Microarray-based Cytogenetics

Q Will not identify balanced rearrangements
Q May uncover unwanted information
v Adult on-set condition in a prenatal setting
v Consanguinity (SNP arrays)
Q May identify regions of unclear clinical significance
v Counseling dilemmas and parental anxiety ol _—

S

ﬁVmCED

L ol R
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Interpretation of Copy Number Variation
Kearneyetal, 2011

Pathogenic CNV (pCNV) is clinically relevant to the proband’s phenotype:
QO contains dosage-sensitive, disease-causing genes
0 occurs within a region of the genome known to be involved in
chromosomal syndromes
Q are statistically enriched in patient populations as compared to
controls

Q The CNV is documented as clinically significant in multiple peer-reviewed
publications, even if penetrance and expressivity of the CNV are known to be
variable

<+ An abnormal result necessitates follow-up tests on the
patient/fetus to confirm thediagnosis and/or learn the mechanism
of the rearrangement, and parental testing to determine whether
the patient's CNV is inherited or de novo. Parental test resuttsuill

inform recurrence risk estimates. “ffv‘s““”
_ &4
e | woww tirralah com

Interpretation of Copy Number Variation

Benign CNV (bCNV) is not thought to cause an abnormal phenotype:
Q is found in both the patient population and control populations in
statistically equal frequencies

QO Maybe ethnic-specific or found widely in most populations

The CNV has been reported in multiple peer-reviewed publications or
curated databases as a benign variant, particularly if the nature of the
copy number variation has been well characterized (e.g., copy number
variation of the salivary amylase gene) and/or the CNV represents a
common polymorphism (CNV should be documented in 1% of the 8

population) ,.g..
ADVANCED
1

Interpretation of Copy Number Variation

CNV of Uncertain clinical significance (VOUS) include findings that are
later demonstrated to be either clearly pathogenic or clearly benign,
however, at the time of reporting, insufficient evidence is available for
unequivocal determination of clinical significance and the CNV meets
the reporting criteria established by the laboratory:

Q is sufficiently large (contains one or more genes) to be of concern
but

Q does not contain any known disease-causing genes

0 has not been seen before in the laboratory, not reported in the
medical literature, or not found in available databases

<+ An uncertain finding calls for testing parents to further i
inform the diagnosis

ADVANCED
1S

]

R cemisrabhicon
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Interpretation of Copy Number Variation

3 UCSC Genome Browser
O DECIPHER website
Q0 Online Mendelian Inheritance in Man database
QO Database of Genomic Variants
QO ISCA Consortium database

all can help you interpret the clinical significance of CNVs

?

O

A :VA'\'CED
ﬁ S
i PSS iaattioon

Visualization of Microarray Results

QO Multiple methods exist to confirm array result abnormalities:
v fluorescence-probe-based FISH (fluorescence /n situ hybridization)
v gPCR (real-time quantitative polymerase chain reaction)
v MLPA (multiplex ligation-dependent probe amplification).

0 FISH is the only one of these tests, however, that can provide information
about the nature and cause of an imbalance, which is especially relevant to
determining whether parents carry a balanced rearrangement (an important
factor when assessing recurrence risk).

Q3 in TOMA lab FISH is performed on abnormal and unclear microarray
results whenever possible

O Chromosome visualization is essential for $
v Identifying the type of rearrangement "?“
v Assessing additional family members ADVANCED

v Providing accurate genetic counseling

-

——— R rabbicon
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Platform resolution

‘» Array resolution is a function of several factors:
« the number of probes on an array,
« the distance between probes, and
« the statistical algorithms used to analyze array results.

« Anhigher number of probes does not necessarily mean a higher
resolution: an oligo array with fewer probes can have similar
resolution to that of a SNP array because the oligo array software

* A 400 kb threshold is recommended as the minimum genome-wide
detection rate for arrays as t@'majority of copy variations below that level
have been shown to be polymorphic in control populations. (Miller D,
Adam M, Aradhya S, et al. Am J Hum Genet 2010; 86:749-764.)
— Vi

- ANCED

NimbleGen CGX array 135K and 55K Designs (PerkinElmer)

o= 1.5245: known "IICI: odele tior Vdupl imhot" N ~$_ﬂdlﬂ“ﬂs
= 41 subtelomere regions, 43 pericentromeric regions

« CGX 135K microarray — higher density in backbone for
abnormal ultrasound cases and de novo rearr
— Backbone of 1 probe / 35 kb = 140 kb detection

« CGX 55K microarray — lower density in backbone for other
cases (low acceptance of VOUS)
— Backbone of 1 probe / 100 kb = 400 kb detection

i | Comparmen of #w spmcilearons of s arvays oliwed b gronal seving rom Jorsary 2010 = Decomber 2010

R i » USRS [ ——

AL

NimbleGen CGX array 135K and 55K Designs (PerkinElmer)

7 — = oo - —— e

91123

il I ) _I Nl By
EE “-wh = ,-«' R e (vBs) SRR s, 1AG2-rel
TR oocicatca
cwons wace
<1
Joaaxs
Erea

O | 000 T

Comgerincn of the devcion raws smeng 1278 coses swded with ane of the avey designe

dd 2 7 ) <

reduction in unclear results (VOUS)
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CMA in Prenatal testing

L] COMMITTEE OPINION

N 8 0 S 08

Atray Compaeative Genomic Hybeidization
Diagnosis

* Microar i Procatal

— ACOG Opinion Nov 2009 suggested that microarray
analysis is an adjunct to routine chromosome analysis
in pregnancies with abnormal ultrasound findings

— NICHD dlinical trial publication may likely define the
uses for arrays in prenatal diagnosis (Rnn.Wapner)

Sl
%ANCED

CMA in Prenatal testin

Mucrowrray applicateon o promatal Suagmoe: & poutnon
seaterment troem the Cytogenvtacs wonk g growp of the ltaban
Socity of Human Geonctios (MGU L November 2011

i
e

1) never 38 2 vob ot conven tional karyotyping
fot specific dlagnontic purposes in
and oot for geners| scresning in

multiple 1000

tmatrangements, oven

oty balanosd, detected by standacd
karyoryping, 10 Investigate the poside presence
of crypuic imbalancas) telated o the structara

characterize their ocigin 30d genetic content

Use of Array Genomic Hybridization Technology
in Prenatal Diagnosis in Canada

J Ootel Gy San 2017 DX1201258 1256

Erngal

- Two or more pathologicel ulrasound snomalies
(includes IUGR);

= Parent carmiers of a chromosomal rearrangement;

= Previous chromosomally sbaomusl child;

- Deli of mchy b lity detected
preasally,

CMA in Prenatal testing

N

9.000 prenatal
Detoction of d
mmw'“"«-dm o ok m-f-« Gntcke by wmb'
Wapner Ret ,_Q,JSPD 2010; 1SPD 2012; FMF 2012 | ‘%Nc =
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NICHD clinical trial - Success rate:
CVS vs AF; cultured Vs uncultured samples

xtraction Success
Cultured AF

Cultured vill |
Uncultured villi EQ!QQE
RICERe A E!;l,#m

0 20 40 60 80 100

Array Success When DNA Available

Slide from Ron Wapner PR [ i et

NICHD clinical trial -
Days from sampling to results

Days from Sampling to Results

Slide from Ron Wapner RIS 7 |- — PO o s

Median Days

NICHD clinical trial -
Conclusions

aCNA Using Uncultured Villi And AF Is Feasible And Reliable
Requires experience
AF DNA extraction
Running array with less DNA
Villi More Reliable Than AF
More DNA
Higher Quality DNA

Discrepancies Between Uncultured And Cultured Analysis Occur
More frequent with CVS
Biologic Differences: CPM
Technical Differences: Culture artifact, loss of small §
segments in culture

L
Slide from Ron Wapner PRSI o - SH S I

JRC.1.1.Form.CAT.032A Ver.3 Page 161 of
184



K//

I

I

[

Commission
N

ns for Stu

f the clinically significant resultsinto the <10Mba
(the rehable resolution for traditional karyotyping

35 NA
Known micoduglication syndmme 3 NA
Metodektion: educed pecetance 45 NA
Mecrodupleoton: wduced prossonce 16 NA
Homozygon deleson 0
Taemincl deleton 8 1
Terminal duphcoton o 1
Orher intersttol deletion 74 10
Othae imtenssicl dupleatcn o 1
Unbaloaced eantiocaten 7 14
Wnsosion 2 0
Nrsrnes] ooty NA n
Sex chiomosoma aneuploxly NA ]
X mole A 1
Polyploidy NA 1
Cemplex Inancngements 12 7

Mosak: findags
Torl
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CMA in known abnormal fetal karyotypes

In cases with a known fetal balanced rearrangement the detection rate for dinically
significant cryptic abnormalities is 10%

= & Desseion rored by coam with 5 lnsen el dvorsasress ooy i o0 on oing pregraey o bl domss, o o ey
hamey of 0 preerenl ssaurongenary

R e e L Ll s me ona 3

Y e — o CT T K0 Ly =
B e o HE 2N "
ol gk g 1 o s Ba B

Loss at a "Balanced” Translocation Breakpoint

«+ Referred for micrognathia and abnormal karyotype, 46,0, t1(16; 17)(?q21;7q24)dn
« A 2.7Mb 17g24.3 deletion was identified.

» FISH studies confirmed that the deletionis at the breakpeint

« No copy number changes were seen on chromosome 16,

e Chromosome 17

- ‘.4_?‘_- 'I:-M“ boms
-— fr=s NCED

CMA in Definition of sSMCs and Rings

In cases with 3 homogeneous or masaic sSMC ar ring chr the detection rate by
CMA for clinically significant abnormalities is ~50%

e S Dutecrion rotes lor cosss with 1 bnown letol chromosome abnormalisy in on on going pragroncy or ol demise, or o by
hamay of 0 pesrend rerr gy

Hireomn: e nered e geaed wen Ed T anms ms E
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CMA in Definition of sSMCs and Rings

arr cgh 1511.2(18,748,501- 18,928,99953, 15911 2( 20, 523 659-20 665, 0373,

47,XY, +der(15)del15)(q21.1).ish 41.2913:1(21 523.217-25,883, 6351 3, 159 13. 11 428,918,525
der{15)Wep15+DISZLE,SNRPN+-PML) 30 itiomrs. Retentatn et e 47028,
1526 2925 3(95 833,747-100,170,013 03

. Balif et al 2007; Gruchy et 3|, 2008;
3 chromosome origin Tsuchiya et a) 2008; Makvestiti F et aj,
Q BKP boundaries ISPD 2010; Vetro etal 2012 8
Q size S
3 genes content an

CMA in Fetuses with US abnormalities and apparently normal
karyotype

ODetection rate of karyotype in fetuses with US abnormalities is ~28% in CVS and
~12% in AF (in average 20%)

Grati et a|, AIMG, 2010

Qwith the use of a Karyotype-only approach, a relevant portion of clinically significant
cryptic variations is not detected

?

O

1“}‘!

AJvA\/ ED
i RS iavcabticon

CGlinically Significant Gopy Number: Alterations by IFS

Anomaly Detection Rate
Single Anomaly 99/1772[(5.6%3)
Anomalies in 2 or more organ systems 78{80&'@{;}
Isolated abnormalities of growth 2/76{(2.6%%)

One or more soft ultrasound markers™  2/78](2.6%)
* Increased nuchal ranclucency excluded

er for multple anomales, compared 10 single sysieme or
both, Fisher exact test).

Detection rates are significangy hig
mnmdanmi&s

Increased NT  Isolated Other findings Total

< 4mm 1/113 (0.9%)  1/7 (14.3%) 2/120 (1.7%)
=4mm 6/96 (6.3%) 2/12 (16.7%) 8/108
Total 10/303[33%) 6/49[122°%) 16/352[45%)

1

Detection rates in addition to those found by karyotyping n?\mftu

-
A
L

a-‘pn

Slide: cowtesy of Shaffer L G (Signature Genomics dataset)
ISPD 2012: Paper submitted—- S caxwmibon
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Anomaliesin a Single Organ System or'Single Anomaly.

Organ System or Single
Anomaly

CNS

Heart

Facies (dysmorphism)
Diaphragmatic hernia
Omphalocele
Musculoskeletal
Genitourinary

Muchal or other body fluid
accumulation

Detection Rate

25/381 (6.6%)
6/237 (2.5%)
6/88 (6.8%)
4/48
4149
18/203
7115 (6.1%)
271628 (4.3%)

Detection rates in addition to those found by karyotyping

Siide: courtesy of Shaffer LG (Signature Genomics dataset)
ISPD 2012: Paper submitted %

A EVANCED
15

b e

Anomalies in Isolation or with Multiple Findings

Anomaly
Holoprosencephaly
Posterior fossa defects
Skeletal anomalies
Ventricular septal defect
Hypoplastic left heart
Cleft lip/palate

Detection Rate
9/85 (10.6%)

211144 (14.6%)
15/140 (10.7%)
14/132 (10.6%)
11/68 (16.2%)

14/136 (10.3%)

Detection rates in addition to those found by karyotyping
Slide: courtesy of Shaffer LG (Signature Genomics dataset)

CONGENITAL DIAPHRAGMATIC HERNIA (CHD) IDENTIFIED BY CMAIN A
FETUS WITH HYDROPS AND INCREASED NT

ISPD 2012; Paper submitted

?

[}

ADVANCED

ﬁs
. LA ¥

= CVS35Y womanrefemed for NT Smm and hydrops at 11wg

»  Karyotype: 463X

»  amay-CGK 135K: De novointerstitiz] deletion of 4.2Mbin 15g26.1g26.2 invalving the region CHD type 1

(MIM26142340),

=  Betwesn 17wg and 2iwg: US and MR
lung and cardizc heant

ffirm the p of left CHD, hypoplasia of the right

»  Pregnancy is ongoing and couple has been sent to 2 reference centre for the deliveny and newbonn sungeny

Chromosome 15 x
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Anomalies in Isolation or with Multiple Findings

These results fully justify the use of microarray testing in trying to identify
the etiology of the clinical phenotypes, thus microarray should be:

- Considered as the first test after a RAD test (i.e.: QF-PCR) to
exclude common aneuploidies (more cost-efficient) (Vetro et al, 2012)

- Used concurrently with conventional karyotyping

Incidence of variations of unclear significance (VOUS)

With the increased ability to detect cryptic imbalances with microarrays,
VOUS can be identified

inherited from a parent — benign
/ rates of
VOUS reported
\
de novoin origin — potential clinical relevance

Inheritance from a parent often does not help assign the dlinical relevance of the
alteration because of the possibility of incomplete penetrance or variable
expressivity

!

Reporting criteria seem to differ between laboratories regarding

$
[

VOous Agl VANCED
5

Ly
TR o R

CMA AS A SUBSTITUTE OF KARYOTYPE IN ALL PREGNANCIES
(AMA and Anxiety)

No. with significant No. vith significant
Study abnomalities in AMA abnormalities in anxety
# DR (%) # cases R (%)
Ficrentino et al, 2011 1/144 0,2
Armengd et al, 2011 4/333 12
Park et al. 2010 17/4073 03
Lee st al, 2012 1/346 03 5589 0,51
Breman =t al,, 2012 {personal
communication} 3/394 075
Shaffer LG, &t al, 2012 346 03 0/55 0
Overall results 27/5636 0,47 5/1084 0,46

Novelli et 3} 2012 commentary letter
Slide: courtesy of Shaffer LG (Signature Genomics dataset)
ISPD 2012; Paper submitted

Combining Signature Genomics’ data with that of 5 other ?7
studies, ~0.5% of pregnancies with AMA or with anxiety have mwc VL
abnormalities detected by array that would not be detectable . 2

by karyotyping D =
T o
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Incidence of variations of, unclear significance (VOUS)

Indication for study (IFS) Humber with unclear variants Rate
Abnormal ultrasound 138/2858 4.8%
Abnormal serum screening 57T 6.5%
Family history 11/487 2.3%
AMA 81346 2.3%
Anxiety 1/95 1.1%
Otherinot specified o3 0.0%
TOTAL 163/3876

Fetal demise

Inherited variants De novo variants Parents not tested
11913876 (3.1%) 1513876 (0.39%) 20913876 (0.75%) j‘;
*1.1% of cazes had unclesr vananiz thal were o novo or of unknown mheniEncs. “ﬁ“

-
Slide: courtesy of Shaffer LG (Signature Genomics dataset) L3
ISPD 2012; Paper submitted T8

CMA in AMA and Anxiety as substitute of

karyotype

The analysis of the proportion of VOUS compared to
clinically significant cryptic unbalances shows that using CMA
technology in prenatal setting without a specific clinical
indication as a substitute for conventional karyotype can
provide more unclear than clinically significant results

Pathogemc CNVs
0 5%
VOUS: 3
1.1% i
ADVANCED
AMA & ANXIETY INDICATIONS 5‘{ s
(¥

i RS iavcabticon

POINTS TO BE IMPROVED:

+ Knowledge on human genome architecture in normal population
(Akan et al, 2011; Cooperetal, 2011; Itsara etal, 2010; Itsara et al, 2009;...)

+ Knowledge on entire phenotypic spectrum of microdeletion and
microduplication syndromes and on uncertain variants (Cooperet 2, 2011;
Takowski etal, 2011; Rosenfeldetal, 2010; Girirajan etal, 2010;...)

+ pre- and post test counseling approach models for prenatal CMA
“ reporting unsolicitedfindings related to late onset/cncer diseases?
< reporting VOUS?
< reporting pChVs unrelated to theindication for CMA?

(McGillvray et al, 2012; Wapneretal, 2012; Dondorp et al, 2012)

PR o, | RS S
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CMA will become in the (next?)
future the primary tool for the
analysis of prenatal samples of all
pregnancies

i e

Y WYL IV ),

?
%V?NCED
4

THANK YOU!

TOMA Advanced Biomedical Assays S.p.A.

?

AEVANCED

THE USE AND ANALYSIS OF
EXPRESSION MICROARRAY DATA

Marco Fabbri - JRC
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How to study a biological process?

= Retinoblastoma,
: bone, bladder,

Sarcomas

Leukemia,
brain,
breast,
stomach,

lung

Leukemia
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Microarray process
Totd ANA mmm

Colnsue sample Qualty control

PP ’ @l A 7 i <
;‘ggg&ﬁ ‘ ” s oWl

B

Making Sense of the Data

ese L L L o0 e ce 0 LR
LR N N 1 seoe ce s0e 0 L
LN ee v cevesnsen LR e v
o0 o0 e 0000000 00 ®es e
se0 0 o0 LR L coe0 v en
eo00000 L] L L s venee
0| C
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Analysis Tools

o |G

=wl Apient Cachasicpen
[ &) ten GeneSpring GX 11

* Annotation

@ =... rnico

Type of Data Analysis

Llass: characterigic shared by 2 group (e.g. cancer Vs. Mormal)

* |dentify differences at molecular
levels between know class (class

COMpParison

* Diagnoseor predictto which classa
new sample belongs (class prediction)

* Dividesamplesinto reproducible
classes that have similar behavioror
properties (Class discovery)
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Class comparison
Differential expression analysis

Goal: ldentify genes differentially expressed among predefined
tlasses of samples.

What genesare up regulated Between control and test or muliple
test conditions?

MNormalvs.tumor or Treated vs. untrested

Example: Measure gene products before and after toxic exposure o
identify mechanians of action of toxicant ‘

Whole genome analysis and microRNAs regulation in HepG2
cells exposed to cadmium.

: =

R / S

— ;
Gene upregulated (microarray) MicroRNA downregulated
(HTqPCR)
Target prediction and KEGG
. . . enrichment analysis (Diana
KEGG enrichment analysis (David) Mirpath)
JRC.1.1.Form.CAT.032A Ver.3 Page 172 of
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Whole genome analysis and microRNAs regulation in HepG2

cells exposed to cadmium.

-

‘ S
"Q
- L P

MicroRNA extraction

MicroRNA

nRNAS <DNAs - O3

Fold change: Not sufficient, needs statistics!

Untreated

=

Treated

JRC.I.1.Form.CAT.032A Ver.3

log, p-value

(¥

Fold-change

Tamad Vi Jttamed
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KEGG enrichiment of targets of
downregulated micoRNA

KEGG enrichment of upregulated

mRNA

pathways downregulated by
cadmium

a1 | Comgamest and coapaaton cascades | = 11
L (e Lo 2 Teronme el ol " 4304 o
msat00T! | ey acea metatoten I [ sawar
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e Caweomd feony e 1 L 1 7o o
neacoe0 e imatins s moamaree dey sawcn ] 24m08
] Frigtorhes metatolus : ¥ :dd )
a0 Aogenga goud e kb [ 1 MO0
e Temencal ek bone taouynTeln : . :1-0‘
FraTEFEAD Mrtatuoku of sedclafis by Crlieae N0 | ta 8-
D00 L otyn (A Cecre———" L 2reEo4
e g ratadbu | L | e o4
P PP g ey | e I

JRC.I.1.Form.CAT.032A Ver.3

Page 174 of
184



European

Commission
I

Schematic model of Cd activity

Whole Genome Analysis and
MicroRNAs Regulation in HepG2 Cells
Exposed to Cadmium

b U At Bt e, g (X0, By
YO

The Three Gene Ontologies
*  Molecular function
— The tazks performed by individuslgens n
products

* Biological process
— Broad biological goal or objective that are
accomplished by ordered assemblies of
malecularfunctions

* Cellular component
— Subcellular structures, loations, and
macromaoleculsr complexes

" A gene productmay be part of several
differentontologies

Pathway Analysis

* Discover relationships between the annotated
genes

- - (ge}e} INGENUITY'

EACTOMI

|
L
1
]

G

T

-l

—
L
L
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Class discovery

* Goal Identify sets of genes (or samples) that cluster together.
* Example: Cluster temporal gene expression patternsto get insight into
genetic regulation inresponseto toxic insult (Huang et al., Toxicol Sci, 2001)

Class Discovery

*  Ohjective?
— Candatatelluswhich classes aresimila?
— Arethere subgroups?
*  Methods
* Cluster analysis
* K-means,
= Principal Component Analysis[PCA)
*  Self-organizing maps (SOM)
— Classld'sarenot knownto the alzorithm
» Forexample, does not know which oneis
£ancer of non cancer

» Do the sxpression values differentiste, dossit
discover new classes
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Aim of clustering: Group objects according to

Cluster:

a set of objects
that ars similar
toeach other
and separated
from the other
objects.

Example: preen/

red data points
were generated

from two different
normal distributions

their similarity
- — hd - - -
SRR ~ o e
- - - -
* “‘h' - — - "'&‘ d
- - - - - -
- =:"‘.' _ =.:'l.a‘
5 - 5 .
- .- - ..
- - - -
| I A R B R R T T 1 T T T
=4 =2 o 1 2 =4 =2 o1 2z

Clustering microarray data

* Genes and

| gene expression data matrix

experiments/samples n experiments

are given as the row
and column vectors of
a gene expression data

matrix.

* Clustering may be
applied either to genes
or experiments
(regarded as vectorsin

RP or R").

P pEIES

Why cluster genes?

* |dentify groups of possibly co-regulated genes
(e.g. in conjunction with sequence data).

* |dentify typical temporal or spatial gene
expression patterns (e.g. cell cycle data).

* Arrange a set of genes in a linear order that is
at least not totally meaningless.
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Why cluster experiments/samples?

+ Quality control: Detect experimental artifacts/bad
hybridizations

+ Check whether samples are grouped according to
known categories (though this might be better
addressed using a supervised approach: statistical
tests, classification)

+ |dentify new classes of biological samples (e.g.
tumor subtypes)

Example of Class Discovery:
Distinct Types of Diffuse Large B-Cell Lymphoma

= — * DLBCL is clinically heterogeneous
*  Specimens were clustered based on their
expression profiles of GC B-cell associated
genes.
*  Two subgroups were discovered:
— GC B-like DLBCL
— Activated B-like DLBCL

GC B-like DLBCL Activated B-like DLECL
e ——————

EREs
i

é§§§§§§§§§ 33%3?‘E§§§§§§§§§§§E§§§E§
dddadddad ddddaddddddad
gedddddddegdandd Essnaszsasussziss

8
[Figures and information taken from Alizadeh et al, Nature 408:503-11, 2000}

£
Sgad
EEE

Class prediction

Goal: Develop muiti-gene predictor of classmembership.

Diagnose or predict to whichclass a new sample belongs

Example:

Molecular Classification of AMLand ALL by Gene Expression Monitoring
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Therapeutic relevant genomic Classifiers

Oncologists needimprovedtools for selecting treatments for individual patients.

Most cancer treatments benefit only a minority of the patients to whomthey are
administered.

Expression profiling newtechnologyto identify classifiersfortailoring treatments
to patients.

Method: Microarray

* RNA prepared from cells was hybridized to
high-density oligonucleotide Affymetrix
microarrays containing probes for 6817 human
genes;

* Samples were subjected to a priori quality
control standards regarding the amount of
labeled RNA and the quality of the scanned
microarray image.

A MULTIGENE CLASSIFIER

A multigene expression signature classifieris afunction that provides a
classification of a tumor based on the expression levels ofthe component
genes.

3plitthe samples intwo groups (training set and a test set).

Gene selectioninthe training set (good predictors)

Application of the voting procedure inthe test setand
the error evaluation.
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Split-Sample

The most straightforward method of estimating the accuracy of future prediction is the
splitsample validation method of partitioning the set of samples into & training set and a
test set.

Training set: 38 bone marrow samples (27 ALL, 11 AML) obtained from acute leukemia
patients at thetime of diagnoss;

Testset: 34 leukemiasamples (24 bone marrow and 10 peripheralblood samples);

This internal validation should not, however, be confusedwith the kind of external
validation of theclassifier in asetting simulating broad clinical application

Gene selection

Most classifiersdonotuse all of the genes whose expression is measured.
Consequently, one step in developing a classifieris determining which genes
to include.

The number of genes that are actually differentially expressed between the

classes (“informative genes")is usually small compared tothe number of
genes thatare not differentially expressed (“noise genes").

Voting scheme

* Compare expression of genes of patients in
the test set

* Each gene of the patient is assigned to the
class with an expression more similar

* The patient is assigned to the more voted
class and error rate is evaluated
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Class prediction (test samples)
Pafist g § a
T T AML ALL
AMLALL
Cenel [ x Genel
..... a7
Gened X Gene2
P x Gene3

Gene Selection (predictors)

AML ALL

“IIII PH{EC[ gme
IIII II Genel good predictor

Patients

Training set

Results

How good are the predictors?

Independent test: The 50-gene predictor was
applied to an independent collection of
34 leukemia samples. The predictor made
assigned 29 of the 34 samples, and the
accuracy was 100%;
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Mammaprint

+ Gene signature derived from selected retrospective
review
— 78 node negative breast cancer patients not treated with

adjuvant therapy
* Supervised top-down approach

Two outcomes — “Low Risk” or “High Risk” of disease
recurrence without adjuvant therapy

Uses fresh or frozen tumor, not formalin-fixed paraffin-
embedded

70 gene cDNA microarray

— FDA approved
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Description of evaluated studies
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Can we trust those studies?

Prediction of cancer outcome with microarrays: a multiple
random validation strategy

Class prediction suffers of ane major limitation: aver fiting.
The algorithm performswellonethe samplesfrom which it was built but poorly on
independent samples.

Random validation strategy
Training set (50 best predictors)

PATIENTS
\ Test set (number of misclassfication)

500 times

+ evaluation of the misclassification rate
+ 50 best predictors are selected

[Entire processisrepeaied with different size of thetraining set)
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Genes included in at least 250 of 500 molecular signatures for two of the studies

Proportion of misclassifications in validation sets as a function of
corresponding training-set sizes
L sty | [ g
w 4 1 1
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Abstract

Within the context of JRC Enlargement and Integration Activities (E&IA), the workshop "Applied genomics in the Clinic" was
organised in Istanbul on 17-19 October 2012. The main aim of the workshop was to get an overview of the state of the art of
applied genomics in the clinical context in accession and candidate countries, as well as new members, to share best practices in
EU and to evaluate these in the light of a public health perspective. There is a clear divide behind the genomic services offered in
a country and the awareness among research scientists of the available genomic applications and the future impact of genomic
technologies on health services and clinical approaches. In all countries there are a number of common obstacles that delay
penetration of genomic technologies in clinical applications : lack of recognised experts ( medical genetics HAS to be recognised
as a medical specialty) lack of a regulatory framework that involves political determination of decision makers, lack of common
databases on methods and experts, lack of ongoing education for physicians and most importantly reimbursement of testing.
Stronger connections and collaborations with the EU for research and technology transfer will function as a leverage for these
countries in adopting genomic tools and harmonising the quality of healthcare services they offer. It is very important to
establish recognized objective state of the art guidelines for application of genomic technologies in clinical practice. Such
guidelines adopted by countries will form the basis of reimbursement policies at national and cross border levels. In addition
establishing reliable, not for profit, open access databases for building reference datasets for correct and efficient interpretation
of complex data generated by advanced genomic technologies will speed up adoption of the technology in the clinic.
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As the Commission’s in-house science service, the Joint Research Centre’s mission is to
provide EU policies with independent, evidence-based scientific and technical support
throughout the whole policy cycle.

Working in close cooperation with policy Directorates-General, the JRC addresses key
societal challenges while stimulating innovation through developing new standards,
methods and tools, and sharing and transferring its know-how to the Member States
and international community.

Key policy areas include: environment and climate change; energy and transport;
agriculture and food security; health and consumer protection; information society and
digital agenda; safety and security including nuclear; all supported through a cross-
cutting and multi-disciplinary approach.
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