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A Sociedade Portuguesa de Genética Humana (SPGH), www.spgh.net, criada em
1996, tem como misséo a promocao, desenvolvimento e divulgacéo da investigacéo
e da pratica em Genética Humana, e, em particular em Genética Médica.

Neste sentido, uma das suas atividades importantes é a organizacao do congres-
so anual, que tem como objetivo contribuir para a difusdo de conhecimentos espe-
cializados na area da Genética Humana, facilitando o contacto dos geneticistas entre
si, com outros especialistas e com a sociedade em geral. Este congresso constitui
um férum de discussao cientifica onde é possivel assistir a palestras de investigado-
res nacionais e internacionais de renome e a apresentacéo de trabalhos de grupos
de investigacao de todo o pais. A reuni@o pretende ainda dar um destaque especial
ao trabalho de jovens investigadores, com a atribuicdo de prémios a melhor publi-
cagao do ano anterior por um autor portugués, assim como aos melhores trabalhos
em investigacao basica e investigacao clinica apresentados em comunicagao oral.
Este ano a 182 reunido realiza-se na Faculdade de Medicina da Universidade de Lis-
boa e 0 programa incide sobre: New challenges in pre-natal diagnosis; Paramyloido-
sis: advance in care; Cancer breaking news; Hemoglobinopathies in Portugal; New
approaches in rare diseases; Genomics and aspects bioethics. Como habitual, te-
remos conferéncias de especialistas nacionais e internacionais, assim como comu-
nicacdes orais e apresentacdo de posters. Esperamos que, com a sua participacéo,
a reuniao seja animada por trabalhos inovadores e discussao cientifica, e seja uma
fonte de inspiracao para 0s progressos cientificos dos préximos anos.

Direcéo da SPGH / Comisséo Organizadora
Hildeberto Correia

Juliette Dupont

Cecllia Correia




Comisséo Organizadora

Hildeberto Correia (Presidente)
Juliette Dupont (Secretaria)
Cecilia Correia (Tesoureira)

Comisséo Cientifica

Ana Fortuna | Carla Pinto Moura | Carla Oliveira | Filipa Carvalho
Joana Melo | Jorge Saraiva | Lina Ramos | Luisa Romao
Manuel Teixeira | Sofia Déria | Susana Fernandes

Comissédo Local

Ana Sousa | Barbara Marques | Cristina Ferreira | Marisa Silva
Oana Moldovan | Patricia Dias | Patricia Rama

Secretariado local

Patricia Rama
Departamento de Genética Humana
Instituto Nacional de Saude Doutor Ricardo Jorge, . P.
Av. Padre Cruz, 1649-016 Lisboa
T: +351 217526412
@: spgh@insa.min-saude.pt
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Day 3

21.Nov.2014 (Friday)

09:00 - 09:30

09:30 - 10:00

10:00 - 10:30

10:30 - 11:00

11:00 - 11:30

11:30 - 12:00

12:30 - 14:00

14:00 - 14:45

14:45 - 16:00

16:00 - 16:30

16:30 -17:30

17:30 -18:30

18:30

4th. Scientific session - Hemoglobinopathies in Portugal
Chairs | Paula Faustino and Luisa Romao

Epidemiology, pathophysiology and genetic modifiers of morbidity
Jodo Lavinha, Departamento de Genética Humana, Instituto Nacional de Satde Dr. Ricardo Jorge (INSA), Lisboa, Portugal

Strategies for prevention: Contribution of the laboratory
Armandina Miranda and Jodo Gongalves, Instituto Nacional de Satde Dr. Ricardo Jorge (INSA), Lisboa, Portugal

Treatment - current clinical management and future prospects
Alexandra Dias, Hospital Prof. Doutor Fernando Fonseca (HFF), Amadora, Portugal

Coffee-break / Poster Session

5th. Scientific session - New approaches in Rare diseases
Chairs | Ana Fortuna and Jorge Saraiva

Gene packages and opening the exome - the Nijmegen experience
llse Feenstra , Department of Human Genetics, Radboud University Medical Center, Nijmegen, the Netherlands

Causes of rare and recurrent disorders unravelled by array
Nicole de Leeuw, Department of Human Genetics, Radboud University Medical Center, Nijmegen, the Netherlands

Lunch/ Poster Session

Chairs | Margarida Reis and Maria Rosario Almeida
Genetic complexity of the inherited cardiomyopathies in the high-throughout sequencing era - from

research to clinical practice
Luis Lopes, Hospital Garcia de Orta (HGO), Almada, Portugal

Oral Presentations
Chairs | Susana Mendes and Oana Moldovan

6 selected presentations from submitted abstracts (8 min for each presentation and 2 min for discussion)

Coffee-break / Poster Session

6th. Scientific session - Bioethics
SPGH Ethics Commission
Chairs | Carolino Monteiro and Célia Ventura

o P

Reflexdes bi e recom sobre os R ao Recém-Nascido em Portugal

Luisa Diogo, Hospital Peditrico de Coimbra / Faculdade de Medicina da Universidade de Coimbra (FMUC), Coimbra, Portugal
André Pereira, Faculdade de Direito da Universidade de Coimbra (FDUC),Coimbra, Portugal

Heloisa Santos, President of SPGH Bioethics Comission, Lisboa, Portugal

SPGH Awards
Chairs | Hildeberto Correia and Juliette Dupont and Maria do Céu Machado
Award Conference
Basic and Clinical Research Awards

Close of Conference | SPGH 18th Annual Reunion
Hildeberto Correia, Juliette Dupont and Maria do Céu Machado

End of the Reunion
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From Pharmacogenetics to Ecogenetics: Past, Present
and Future Challenges

Manuel Bicho
Laboratério de Genética e Instituto de Saide Ambiental da FMUL
Instituto Rocha Cabral, Lisboa

Fifty seven years ago, an article of Arno Motulsky entitled “Drug
reactions, enzymes and biochemical genetics.” published in JAMA, summarized
the scientific developments in biochemical genetics which explained the inborn
errors of metabolism and the chemical individuality of A. Garrod fifty years before.
The targets were two adverse drug reactions (ADRs): drug induced hemolytic
anemia due to G6PD deficiency and suxamethonium-induced apnea due to
pseudocholinesterase deficiency. This report delineated and conceptualized the
field of Pharmacogenetics, a word coined two years later by Friedrich Vogel
(1959), and was established by Werner Kalow (1962) as a novel discipline that
deals with the role of genetic variation affecting drug response or adverse
reactions to drugs.

In the sixties, Vesell F. and Page J. (1968) showed in identical
compared with fraternal twins the polygenic metabolic disposal of drugs (ex.
Phenylbutazone). At the same time, in Portugal, C. Manso and Lesseps Reys
described polymorphic variants of G6PD and Reys in 1971 defended a thesis with
the title “Pharmacogenetics studies in Mozambique”.

Meanwhile, the term ecogenetics was coined by Brewer in 1917 to
extend the concept of the role of genetic variation in response to xenobiotics and
to environmental agents other than drugs (ex. Nutrients, microorganisms and
UVs). Evans, in the last seventies, began to study the role of acetylation
polymorphisms using pharmacological probes (sulfamethazine) as a genetic
susceptibility factor for several diseases (breast and bladder cancer and SLE)
initiating the era of genetic association studies.

However, the development of pharmacogenetics over the years
remained low, since relatively few drug responses or adverse drug reactions were
under control of single genes and the effects of these were only possible to be
studied at the intermediate phenotypic levels at that time.

The increasing availability of DNA Technology and in vitro molecular
tests (PCR) advanced extraordinarily the field and the term pharmacogenomics
was introduced in the nineties of XX century with the emergence of the Human
Genome Project and the development of “omic” sciences in the first decade of
XXI century.

At the present, most of the Clinical Biochemistry Laboratories providing
molecular tests utilize robust PCR with high capacity instrumentation and the use
of mass spectrometry confluent in microarrays. These technologies allowed
search for multiple genes and there expression affecting drug responses. As
consequence of these high throughput technologies, noticeable advances in
identifying new biomarkers, by making use of so called layered approach of
molecular technologies (systems biology), provides an integrated multibiological
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level dissection including the genomics, epigenomics, proteomics, metabolomics
and the organism itself (molecular imaging).

One of the results of this approach was, in epidemiologic terms, the
GWAS (genome wide association studies) for discover of new variants and more
recently mendelian randomization.

However, some challenges are raised for the future, namely the
identification of epigenomic biomarkers, its validation in conjunction with the
others in the omic perspective. Another challenge is the development of
bioinformatic tools required to be used in personalized identification of risk for
diseases and of its subphenotypes and the response to nutrients, xenobiotics,
drugs and microorganisms that are some of the environmental causes of
diseases.
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Non-invasive prenatal diagnosis using maternal blood as
performed in a clinical genetics department: Over a
decade of translational research

Ana Bustamante
Servicio de Genética, Hospital Universitario Fundacion Jiménez Diaz, Instituto de
Investigaciones Sanitarias, FJD, Madrid, Spain

Cell-free fetal DNA (ccffDNA) in maternal plasma makes it possible to perform non-invasive
prenatal diagnosis (NIPD) without risk of fetal loss. NIPD is a challenge for fetal medicine and for
prenatal diagnosis units, and a great deal of effort has been focussed on this field. Although
different NIPD tests have been gradually incorporated into clinical practice such as fetal sex and
fetal RhD determination, aneuploidy diagnosis of the most common aneuploidies has been the
main goal in NIPD. Therefore, a number of large research groups and biotechnology companies
have devoted a great deal of work and investment toward this aim. In 2011, and thanks to the
incorporation of next-generation sequencing technology, the first commercial test to screen for the
most common aneuploidies in maternal blood was launched. Since then, NIPD has become more
present in prenatal units.

NIPD for single-gene disorders has attracted less interest because the target diseases affect a
smaller population. Moreover, in most cases the need for personalized designs for the familial
defect makes methods not easily scalable. In 2013, panels for screening of the most common
mutations associated with cystic fibrosis or skeletal dysplasias were developed in the UK.
Although NIPD of different single-gene diseases have been widely described in many research
studies, a diagnostic (not screening) method has yet to be translated into routine clinical practice.

NIPD in a clinical genetics unit

NIPD research began in our unit in 1997, making it the first research group of its kind in Spain. As
a clinical department, the aim of this research is the development and translation of new NIPD
studies into routine clinical practice. Experience with routine prenatal diagnosis allows us to
evaluate patient needs and aspects lacking from clinical practice. When evaluating new methods,
accuracy, ease of handling, and affordability are key criteria.

Our NIPD research was initially aimed at isolating and analyzing circulating fetal cells in maternal
blood. Preliminary studies yielded fetal sex determination and aneuploidy detection of
chromosomes 13, 18, and 21. However, the tedious handling and the scarcity of circulating fetal
cells prompted us to move into analysis of ccffDNA in 2001. In 2008, fetal sex determination was
incorporated into clinical practice for pregnancies at risk of sex-linked disorders. One year later
(2009), fetal RhD determination was also made routinely available. In 2012, non-invasive prenatal
aneuploidy screening was offered in our hospital as an outsourcing study.

As a center of reference for genetic diagnosis of several monogenic disorders, NIPD of single
gene diseases has been our main aim. Our experience comprises a total of 51 cases including 25
cases of Huntington disease, 6 cases of cystic fibrosis, and 1 case each of retinitis pigmentosa,
propionic acidemia, epidermollisis bullosa, among others. However, our studies have been limited
to the analysis of de novo or paternally inherited fetal mutations/alleles. Analysis of maternally
inherited fetal alleles is more challenging and requires more novel technologies such as digital
PCR and NGS. We are currently exploring the use of the digital PCR (recently acquired) to
explore its potential for NIPD of monogenic disorders regardless of parental origin.

NIPD is a reality in many prenatal diagnosis units. At present, only a limited number of

pregnancies can benefit from the technique, although our goal is to apply translational research in
such a way that more patients will have access to the procedure in the near future.
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From the conception to Prenatal testing: a technical
revolution to change the Reproductive Medicine

Marcus Hausch
ILLUMINA EMEA RGH Marketing Manager
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Why Genotype Information Matters in Prenatal SNP
Array Diagnostics

Nicole de Leeuw

Department of Human Genetics, Radboud University Medical Center, Nijmegen,
The Netherlands

Since 2010, we routinely perform genome wide SNP-based array analysis after a normal
QF-PCR test result in prenatal diagnosis in case of structural ultrasound anomalies or intra
uterine foetal death. The genotype information from the SNP probes not only significantly
improves the diagnostic yield, but it also enhances the quality of the diagnostic laboratory
workflow. An overview will be given and various illustrative examples will be shown
demonstrating the reliable detection of CNVs, more mosaic imbalances as well as copy
neutral changes of homozygosity leading to the subsequent identification of pathogenic
mutations in recessive disease genes or uniparental disomies (UPD).
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Dilemmas in prenatal diagnosis

Ana Berta Sousa
Servigo de Genética Médica, Hospital de Santa Maria — Centro Hospitalar Lisboa
Norte, Portugal
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TTR - FAP: clinical and genetic aspects in nhon-endemic
area

David Adams
French Reference Center for FAP (NNERF), Paris, France Department of
Neurology CHU Bicétre (APHP) INSERM, david.adams@bct.aphp.fr

Introduction : Transthyretin-Familial Amyloidosis (TTR-FAP) is a progressive, disabling,
irreversible and life-threatening neuropathy due to a point mutation of TTR gene with an
autosomal dominant transmission. TTR-FAP has been described 60 years ago in Povoa de
Varzim, but only 30 years later in France. Contrarily to Portugal with high endemic area in
the north due to Val30Met TTR variant, France is a non endemic country. A French
reference center for FAP (NNERF) supporting 300 cases has been labelized in Paris in
2005 by the French Health Ministry.

Objectives : Missions of the center were to improve the diagnosis of disease and the care
of patients at the national level. A national network for FAP (CORNAMYL) was built in
conjunction with 10 other regional reference centers for neuromuscular diseases in 2010.
To report genotypic and phenotypic varieties of FAP in France in 2008-2014 period and the
sensitivity of the tools for diagnosis. All patients carried amyloidogenic TTR gene mutations
and Congo positive amyloid deposit (CPAD).

Results : In the 2008-2014 period: 180 new TTR-FAP cases were identified, bringing to
81/100 the number of geographic departments affected, and to 41 the number of TTR gene
mutations. The most common mutations are Val30Met (60%), Ser77Tyr, Ser77Phe and
lle107Val. Mean age was 60 years (22-89) with a late onset (= 50 y) in 69%. Sex ratio: 2.16.
A positive family history of FAP was found in 55% and a Portuguese origin in 18.3% of
cases. The diagnosis of FAP was delayed by 2.93y years (0.2-13.5) after first symptoms;
69% had a walking disability including 39% requiring aid.

Five phenotypes were identified: Small Fibers Length-Dependent Polyneuropathy (PNP)
(43%), All-Fibers PNP (25%), Upper Limbs Onset -NP (17%), Ataxic NP (14%), Motor NP
(2%). CPAD were found in Labial Salivary Gland Biopsy in 91/128 pts (71%) and after nerve
biopsy in 19/26 pts (73%), 76% required multiple biopsies.

Conclusions : The French reference Center and network for TTR-FAP allowed to identify
new TTR-FAP cases in most of geographic departments with varied phenotypes. The larger
and earlier use of TTR gene analysis in progressive and idiopathic polyneuropathy cases is
useful to accelerate diagnosis of TTR-FAP.

The other goals of National Reference Center and of the national network for FAP are to get
access to an anti-amyloid therapy or to clinical trials in most patients, to propose the best
genetic counseling and to improve earlier diagnosis in TTR mutated gene carriers.

Varied phenotypes 3 nvx; Age onset; Sporadic; Misleading diagnosis; Genetic heterogeneity
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TTR - FAP: therapeutic approach

Isabel Conceigao

Department of Neurosciences, CHLN- HSM. Lisbon, Portugal.

Translational and Clinical Physiology Unit. Instituto de Medicina Molecular,
Faculty of Medicine. Lisbon, Portugal.

Familial amyloidotic polyneuropathy (FAP) is a fatal, autosomal dominant disease caused
by aggregation and organ deposition of mutant and wild-type transthyretin (TTR) amyloid
fibrils (ATTR). Almost all circulating TTR is synthesized by hepatocytes, and in FAP this
liver-derived TTR is responsible for ATTR accumulation in target organs, including
peripheral nerves, heart, kidney and gastrointestinal tract.

Liver transplant is the current standard of care for patients with TTR-FAP through
elimination of hepatic production of mutant TTR. Slow disease progression and prolong
survival but it is associated with a first-year mortality of 10 % and substantial morbidity due
to chronic immunosuppression. Liver transplant does not prevent clinical deterioration
(heart, ocular and CNS complications) in all recipients, underscoring the need for new
treatment approaches.

Elucidation of the mechanisms contributing to TTR misfolding and fibril formation identified
TTR-tetramer stabilization as a rate-limiting event, leading to the development of several
new pharmacologic therapies for patients with TTR-FAP. TTR stabilizing agents (Tafamidis,
Diflunisal) can be prescribed at an early stage of disease in anticipation of liver
transplantation or, potentially, delaying the need for liver transplant.

Other strategies are emerging (combination doxycycline—tauroursodeoxycholic acid, small
interfering RNA, antisense oligonucleotide). Ongoing clinical trials investigating several

pharmacotherapies are described.
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Hemato-oncological diseases — New therapies

Cristina Jodo

Hematologist, Instituto Portugués de Oncologia de Lisboa Francisco Gentil
Professor, Immunology -Faculdade de Ciéncias Médicas, Universidade Nova de
Lisboa

The last decade handed to onco-hematologists a great number of new drugs helping them
to more effectively treat hemato-oncology diseases.

In this conference, | choose some of these new effective drugs and will present theirs
different mechanism of action, effect and toxicities. | will present some of the new
antibodies approved, immunomodulators, proteossoma inhibitors, small molecules with
direct intra-cellular effect as kinase inhibitors and chimeric antigen receptor transduced T-
cells (CARTSs). These molecules combine high efficacy with a good safety profile.

| will present on a new glycoengineered type |l humanized anti-CD20 mAb, obinutuzumab
(GA101), that has been developed and demonstrates increased activity against B-cell
malignancies by inducing direct cell death and better antibody-dependent cellular
cytotoxicity. Immune checkpoint blockade with anti-CTLA4 mAb and anti-PD-1 mAb has
also demonstrated clear evidence of objective responses including improved overall survival
and tumor shrinkage, driving renewed enthusiasm for cancer immunotherapy in multiple
cancer types. In addition, there is a promising novel cancer immunotherapy, CAR therapy—
a personalized treatment that involves genetically modifying a patient's T-cells to make
them target tumor cells. Also, molecules as lenalidomide and pomalidomide, comprising
immunomodulator effects and molecules with anti-proteossoma effect are successfully used
to treat B-cell malignancies as multiple myeloma and B cell lymphomas.

We are now facing new era of cancer immunotherapy and in this presentation | will give you

a glimpse of what hemato-oncologists may wait from these new and powerful molecules.
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Genes and neuroblastoma - hand in hand in therapeutic
advances in Europe (developments within SIOPEN)

Claudia Constantino and Ana Forjaz de Lacerda
Instituto Portugués de Oncologia de Lisboa Francisco Gentil (IPOLFG), Portugal

Neuroblastoma is the most common solid cancer in children after brain tumors, typically
affecting young children and with a varied clinical outcome. It serves as a paradigm for
applying tumor genomic data for determining patient prognosis and thus for treatment
allocation. According to the International Neuroblastoma Risk Group, patients can be
classified as low-, intermediate-, and high-risk for relapse based upon age at diagnosis,
disease stage (localized resectable, localized unresectable or metastasized), histo-
pathology, tumor cell ploidy (DNA index) and genetic profile. Additionally, genomic
information is also essential for biology-based treatment options in high-risk patients.

MYCN status (amplified vs. non- amplified), was one of the very first biomarkers in
oncology, discriminating aggressive from less aggressive clinical courses of neuroblastoma.

However, it is currently far from being the only genetic change with prognostic value.

Frequently, adjacently located genes, like DDX1, NAG (NBAS) or, more rarely, the
proximally located ALK gene (less frequently involved), are co-amplified with MYCN.
Information about ALK amplification/mutation may be of interest when looking for alternative
treatment strategies such as the use of ALK inhibitors. In addition, genes located on
chromosome 12q, like MDM2 and CDK4 (which may be amplified in the presence or
absence of the MYCN gene), may indicate a subset of tumors with a unique clinical

behavior.

Segmental chromosomal aberrations (SCA), i.e. gains or losses of chromosomal fragments
(spanning from at least 3 Mb to a complete arm of a chromosome), can also indicate tumor
aggressiveness, having repeatedly been found in tumors with unfavorable behavior even in
the absence of MYCN amplification. Deletions at the short arm of chromosome 1, especially
of 1p36.3, were among the first genomic aberrations described in neuroblastoma; however,
as it is frequently associated with MYCN amplification, it lost importance as a prognostic
marker. Conversely, the deletion at 11q has emerged as a powerful outcome biomarker,
since it occurs predominantly in tumors without MYCN amplification. Another prominent,
frequent and ominous SCA is the unbalanced gain of the long arm of chromosome 17.
Additionally, deletions at the chromosomal regions 3p, 4p, 9p, and 12p, which occur at

lower frequencies, may also have prognostic impact.
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Recently, new types of DNA based aberrations influencing the clinical behavior of
neuroblastomas have been described. Deletions or mutations of genes like ATRX and a
phenomenon referred to as “chromothripsis” are assumed to correlate with unfavorable
outcomes. “Chromothripsis” represents a shredding of single chromosomes or parts thereof
and subsequent random reassembly of the fragments; the ensuing breakpoints can affect
genes known to be involved in translocation processes and, in addition, a chromothripsis

chromosome can also bear amplified regions.

In neuroblastoma patients, information on the genomic profile of the tumor has become an
indispensable tool for adequate treatment planning. For on-going and future studies, the
application or implementation of technologies that provide a comprehensive picture of the
tumor cell genome is essential. The increased use of high resolution SNParrays will allow
new insights into the genomic composition of tumors. When combined with other
techniques, as targeted sequencing, it is expected it will further uncover neuroblastoma
secrets. FISH techniques, which rapidly determine the MYCN status at the cellular level and

enable the detection of intratumoral MYCN heterogeneity, are expected to remain in use.
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Using genomics for drug discovery in medulloblastoma

Claudia Faria

Department of Neurosurgery, Hospital de Santa Maria, CHLN, EPE, Lisbon,
Portugal

Instituto de Medicina Molecular, Faculdade de Medicina da Universidade de
Lisboa, Lisbon, Portugal

Medulloblastoma is the most common malignant brain tumor in childhood and
accounts for around 10% of all pediatric cancer deaths. Current therapies include surgical
resection, craniospinal radiation (in children older than 3 years of age) and high-dose
chemotherapy. Despite overall survival rates that can reach 80%, the majority of survivors
suffer from long-term side effects induced by cytotoxic therapies to the developing central
nervous system. High-throughput genomic studies have recently shown that
medulloblastoma comprises four molecular subgroups - wingless (WNT), sonic hedgehog
(SHH), Group 3 and Group 4 — with distinct demographics, genetics and clinical outcome.
Therefore, there is a need to improve the existing treatment protocols and to develop novel
targeted therapeutic approaches.

The hepatocyte growth factor (HGF)/cMET signaling pathway has been associated
with tumor aggressiveness and dissemination in several human cancers. In
medulloblastoma, cMET activation has been associated with tumor growth and invasion. To
determine the subgroup-specific role of cMET in medulloblastoma we analyzed several
large non-overlaping cohorts of medulloblastoma patients and determined that cMET is
highly expressed, both at the transcriptional and at the protein level, in SHH-driven tumors.
In pediatric SHH medulloblastomas, cMET activation correlates with increased tumor
relapse and poor survival, thus defining a subset of patients that may benefit from cMET
targeted therapy.

In support of this hypothesis, we found that foretinib, an FDA approved cMET
inhibitor, could suppress cMET activation, decrease cell proliferation and induce apoptosis
in SHH medulloblastomas in vitro and in vivo. Treatment of mouse intracranial xenografts
and of an aggressive transgenic mouse model of metastatic SHH medulloblastoma with
foretinib reduced primary tumor growth and invasion, decreased the incidence of
metastases and increased survival.

Based on genomic data, our studies identified a novel small molecule inhibitor to
treat SHH medulloblastomas thus providing a strong rationale to evaluate foretinib into

clinical trials for this subset of patients.
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Hemoglobinopathies in Portugal: Epidemiology,
pathophysiology and genetic modifiers

Joao Lavinha
Departamento de Genética Humana, Instituto Nacional de Saude Doutor Ricardo
Jorge, Lisboa, Portugal

In the context of this presentation, “hemoglobinopathy” refers to any genetic defect that
results in abnormal structure and/or level of one of the globin chains of the hemoglobin
molecule throughout development. As clinical entities the hemoglobinopathies are chronic
hemolytic anemias usually inherited as autosomal recessive Mendelian traits. The most
common hemoglobinopathies in the Portuguese population are sickle cell disease (SCD),
beta-thalassemia and alpha-thalassemia. Their epidemiology, including the molecular
epidemiology, reflects a long history of gene flow, mainly from Mediterranean and Sub-
Saharan African populations, coupled with the persistence of the selective pressure of
malaria until the 1950’s. The difference in the molecular basis of SCD and the thalassemias
explains most of the distinct pathophysiology of the two conditions: whereas HbS
polymerization results in sickled, rigid and sticky erythrocytes prone to aggregation, the
unbalanced globin chain synthesis in thalassemia originates the intracellular deposition of
excess globin chains and ineffective erythropoiesis. The hallmarks of the corresponding
clinical course are recurrent vaso-occlusive crises and infection in SCD, and bone marrow
hyperplasia and iron overload in the thalassemias. However, both conditions present a
marked clinical heterogeneity only partially explained by (physical and social) environmental
differences. Thus, there is still a large knowledge gap to be filled in their etiopathogenic
architecture, part of which is of genetic or epigenetic nature. In this presentation, | will
discuss the current views on the genetic factors proposed to modulate the
hemoglobinopathy phenotype, in addition to the major determinant, the mutated globin
gene. Proximal and distal genetic modifiers, acting in cis or in trans to the globin gene

clusters within their chromatin microenvironment will be considered.

Aknowledgement: This work was partially supported by FCT grant PIC/IC/83084/2007.
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Hemoglobinopathies in Portugal and strategies for
prevention: Contribution of haematology and
biochemistry laboratory

Armandina Miranda
Instituto Nacional de Saude Doutor Ricardo Jorge, Lisboa, Portugal

The hemoglobinopathies are inherited monogenic autosomal recessive disorders resulting
from mutations affecting genes responsible for synthesis of the globin chains of
haemoglobin, or their regulatory regions. They can be classified, into two main groups: the
thalassemias resulting from reduced or no synthesis of one or more globin chains and the
haemoglobin variants arise from an alteration in the globin protein structure. Sickle-cell
disease and B-thalassemia are the most common human monogenic diseases and
represent a serious public health problem in many regions of the world.

The most effective way to control this disease is prevention through the detection and
identification of carriers of hemoglobinopathies, genetic counselling of couples at risk, and
when necessary, the provision of prenatal diagnosis. To be aware the prevalence of
hemoglobinopathies in Portugal several studies were conducted. The results indicated that

the prevalence is about 2% "*°

. The highest prevalence (more than 5%) was observed in
the Mira River Basin and the Western Algarve (Barlavento) for carriers of 3-thalassemia,
and in Coruche, Alcacer do Sal (lower courses of the rivers Tejo and Sado) for carriers of

Hb S 2.

The hemoglobinopathies laboratory performs the diagnosis screening and confirmation in
collaboration with Public Health Laboratories and other health care entities, in order to
prevent the onset of severe forms of hemoglobinopathies.

Hemoglobinopathies are possibly unique amongst all genetic diseases in that which carriers
identification is possible (and preferable) by haematological (biochemical) tests rather than
DNA analysis. Variant haemoglobins of clinical relevance are Hb S, Hb D™, Hb C, Hb E,
Hb Lepore e Hb 0™, since they confer greater risk when associated with other specific
alleles “. Presumptive identification of haemoglobin variants requires performing a minimum
of two techniques based on different principles. The MCH below 27 pg and the Hb A, above

3.5 % make the B thalassemia trait diagnosis.

The screening is directed to detect carriers of thalassemia and haemoglobin variants. To do
so, we use first line methods, the red cell indices (with morphology) and isoelectric focusing

of haemoglobin. The second line tests involve chromatographic techniques, including the
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study of globin chains by reversed-phase high-performance liquid chromatography (HPLC-
RP) and functional tests such as the solubility test for Hb S.

HPLC-RP of human globin chains is an important tool in phenotype study of haemoglobin
disorders for the detection and presumptive characterization of haemoglobin variants. It was

found to be of special value to detect neutral variants.

The cases diagnosed by the laboratory between 2010 and 2013 indicate that B-thalassemia
and Hb S trait are the most frequent observed. The regions of Algarve, Alentejo and Lisbon,
still are the main origin of hemoglobinopathies. Nevertheless it has been detected several
cases in the northern region (including B-thalassemia and Hb Lepore). Furthermore the
relatively recent population migration, particularly from Brazil and Eastern Europe (where for

A is frequent °) make us expected that the detection of

example the variant Hb O
hemoglobinopathies will be a problem not exclusively restricted to certain regions, and
should therefore be considered across all country °,

Also concerning prevention, the INSA laboratory promotes health care professional
training/education, bearing in mind the promotion of quality results, improvement in

performance and in last direct benefit to the population.

1 - Martins MC. et al. Journal of Medical Genetics, 1993.

2 - Inez F. et al Arquivos INSA, 1993.

3 - Barreto, ML Acta Pediatrica Portuguesa 42 (5): 56, Supp |, 2011.
4 - NHS- Sickle Cell and Thalassaemia Screening Program, 2012.

5 - Sherri A. et al: American Journal of Hematology 60:279-284, 1999.
6 - Miranda A et al. Observagdes_ Boletim epidemioldgico,06, 2013.
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Hemoglobinopatias em Portugal e estratégias de
prevencao: Contributo da genética molecular

Jodo Gongalves
Unidade de Genética Molecular. Departamento de Genética Humana. Instituto
Nacional de Saude Doutor Ricardo Jorge

O estudo das hemoglobinopatias em Portugal permitiu estabelecer, ha ja duas décadas, a
prevaléncia de portadores de beta talassémia e de drepanocitose nas diferentes regides do
pais'. Ficou a saber-se que as mesmas distribuem-se essencialmente pelo centro e sul do
pais, apresentando tanto a beta-talassémia como a drepanocitose uma prevaléncia global
de 1-2%. Contudo, existem regides onde a prevaléncia pode atingir valores de 5 a 10% (ex.
beta-talassémia no barlavento Algarvio, drepanocitose nas bacia dos rios Tejo e Sado e
alguns concelhos da regido de Lisboa onde existe um maior nimero de residentes de
origem africana). Complementarmente, os estudos de genética molecular da beta-
talassémia revelaram que existem quatro mutacdes mais frequentes®, as quais também
predominam nos paises da bacia do mediterrdneo. Contudo, face aos movimentos
migratérios globais, ao diagndstico e investigagdo continuos, na nossa populagao também
existem alteragdes clinicamente relevantes que, sendo relativamente raras em Portugal,
sdo frequentes noutras regides/paises (p. ex. HBB: c¢.364G>C (HB D Punjab);
HBB:c.364G>A (Hb O-Arab). Estes estudos, em conjunto com o aconselhamento genético,
contribuem de forma continuada para a prevengéo das referidas doengas hereditarias em
Portugal, permitem alargar o rastreio hematoldgico e bioquimico a familiares dos casos
index, identificar portadores assintomaticos e principalmente detetar novos casais em risco
de terem descendéncia afetada com qualquer uma das formas mais graves de
hemoglobinopatias (drepanocitose, talassémia major e intermédia e talassodrepanocitose),
para as quais esta indicado/pode ser oferecido o diagndstico pré-natal molecular. Dado
serem doencgas autossdmicas recessivas, o risco de cada casal ter, em cada gravidez,
descendéncia afetada é de 25%. Assim, conhecendo-se as alteragdes moleculares de cada
elemento de cada casal, cumpre-se o objetivo primordial do Programa Nacional de Controlo
das Hemoglobinopatias (ativo durante varios anos em Portugal), ou seja, pode atuar-se de
forma a prevenir o surgimento de novos individuos com a doenga em causa. A referida
prevengdo fundamenta-se no diagndstico clinico junto das popula¢des, no diagndstico
hemotolégico e bioquimico, na investigagdo molecular, no estabelecimento de testes
genéticos fiareis e no aconselhamento genético, culminando estas atividades tanto na
identificacdo da natureza da alteragdo como na identificagdo de portadores e de casais em

risco.
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O diagndstico molecular de hemoglobinopatias, atualmente tem por base a PCR
(amplificagdo enzimatica de DNA) através da pesquisa direta das mutagdes mais
frequentes na populacdo ou identificadas no caso indice ou na familia, recorrendo por
exemplo a ARMS, restricdo enzimatica ou através da sequenciagdo do gene HBB,
complementadas quando aplicavel, com a pesquisa de dele¢gdes mais ou menos extensas
por GAP-PCR ou por MLPA. A identificagdo molecular da alteragdo patogénica no gene
beta-globina, beta zero(°) (se ndo ha sintese de cadeias beta-globina), B* (se ocorre uma
reducéo significativa da sintese de cadeias beta-globina), ou a identificagdo de alteragbes
que dao origem a cadeias globinicas funcionalmente anormais, constitui a ferramenta
indispensavel para disponibilizar o DPN a casais e familias e, para que a prevengao em

causa se torne efetiva.

1 — Martins MC et al (1993). J Med Genet 30:235-239.
2 — Faustino P et al (1992). Hum Genet 89:573-576.
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Treatment - current clinical management and future
prospects

Alexandra Dias
Departamento de Pediatria, Hospital Prof. Doutor Fernando Fonseca, Amadora -
Lisboa, Portugal

Hemoglobinopathies (genetic diseases of hemoglobin, Hb) are among the most common
inherited diseases around the world ( the most common monogenic ones) and are a world’s
major public health issue in today’s multiethnic world population - even in many parts of
Europe, Hb defects are classified as endemic diseases.

They fall into two main groups: thalassemia syndromes (main types: a- and 3 thalassemia)
and structural Hb variants (main abnormal variants: HbS, HbE and HbC) - subtypes and
combined types contribute to a marked clinical heterogeneity. Their highly variable
phenotipical presentation include: no clinics and even no laboratory manifestations, mild
hypochromic anemia, moderate hematological disease, severe lifelong transfusion-

dependent anemia with multiorgan involvement and disfunction.

Adequate and effective care of the affected patients requires a wide variety of diagnostic
and therapeutic measures, a health team work, and mostly an individual and qualitative
approach (identify and explore influences, vulnerability factors and self-care management
resources), prevention focused.

Optimized treatment can give patients a steadily-increasing expected life span, but implies
an interest in life quality and health outcomes: events free time, social integration and well
being have to be considered as main goals in successful aging. Mortality has steadily
decreased in the last 30 years, but morbilities are heavy and severe - even major
hemoglobin diseases are becoming a concern of adult medicine, rather than pediatrics
alone, and they have to be considered chronic diseases (diabetes like), with all the
implications. This health model transition involves sociocultural, behavioural, and health
service factors (health care systems with a certain level of functionality - budgets,

professionals and technical resources and organization).

Improving nutrition, folic acid supplementation, immunization and antibiotic prophylaxis,
physical adequate activities, sleep patterns, educational support, professional guidance and
psychological support are main gold standards in medical care of these chronic diseases —
most, if not all, severely affected people, should survive, but they should also be well

integrated individuals in family and social environment.
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A strong investment in anticipatory measures is fundamental: periodic vigilance of organ
functions is a heavy burden for health teams and patients — in time and resources - but
allows on time interventions, with best results in safeguarding functions and futures.

In all forms, being hemolitic anemias, iron supplements are contraindicated (except in cases
of simultaneous and well documented iron deficiency), and colecistectomy and splenectomy

may be considered.

For the severe forms of thalassemia, hematopoietic stem-cell transplantation is the prefered
curative treatment, if a donor can be found — supportive treatment includes regular red cell
transfusions for life, combined with effective iron removal and hemosiderosis-related organ
damage specific care.

Sickle-cell disease poses a particular challenge in terms of tractability: drugs to treat the
signs and symptoms include analgesics (for pain), antibiotics (for infections), angiotensin
conversor enzyme inhibitors (for cardiovascular and renal manifestations) and
hydroxycarbamide. Erythrocyte transfusions should be given only when strictly indicated,
but iron chelation needs have to be considered. Stem-cell transplantation is a curative
therapy, yet this option is seldom used: the large majority of patients will not have an HLA-
matched sibling or an available national transplantation unit, or will not be able to tolerate
high dose conditioning regimens.

Genetic therapies have be researched for the last 25 years, but face strong technical bias —
new drugs and insights have and are regularly researched, but new trends need a regular

and sufficient research funding and teams interest in these pathologies.
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Gene packages and opening the exome — the Nijmegen
experience

llse Feenstra
Department of Human Genetics, Radboud University Medical Center, Nijmegen,
the Netherlands

Intellectual disability, hereditary deafness and movement disorders are examples of
diseases with extensive genetic heterogeneity. In order to detect the genetic cause, this
requires a genome wide detection of all types of genetic variation.

The implementation of exome sequencing in our diagnostic setting in December 2011 has
led to significant changes in our daily clinical genetic practice, including pre-test counselling
issues, interpretation of test-results in regard to the patient’'s phenotype and the approach to
unexpected results.

In the past three years over 1000 clinical exomes have been performed in our diagnostic
laboratory. Workflow, experiences and pitfalls from a clinician’s perspective will be
discussed.
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Causes of rare and recurrent disorders unravelled by
array

Nicole de Leeuw
Department of Human Genetics, Radboud University Medical Center, Nijmegen,
The Netherlands

Genome wide high resolution SNP-based array analysis has been used in our laboratory for
the detection of copy number variations (CNVs) as a first tier diagnostic tool since 2009 for
patients with intellectual disability and/or congenital anomalies and prenatally in case of
structural ultrasound anomalies or intra uterine foetal death and a normal QF-PCR test
result. So far, more than 11,000 patient and 4,000 parental samples have been tested by

SNP array in our diagnostic laboratory.

This diagnostic approach allowed us to reliably identify known and new, recurrent
microdeletions and — duplications as well as rare, unique genomic imbalances with great
accuracy. Moreover, the routine analysis of SNP genotypes revealed one or more
significant stretches of homozygosity in 4 to 6 % of patients. Follow-up testing by either
gene mutation analysis or patient-parent trio information analysis subsequently led to the
respective identification of pathogenic mutations in recessive disease genes or uniparental

disomies (UPD), thereby increasing the diagnostic yield with at least 1%.

Using the SNP genotype information also improved the detection of mosaic copy number
changes and enabled us to detect clinically relevant, mosaic, copy neutral changes of
homozygosity. So far, a mosaic finding (CNV, aneuploidy or allelic imbalance) was detected
in over 30 patient samples and at least 12 parental samples, resulting in a dramatically
increased recurrence risk for these parents. The percentage of mosaicism often differed
between tissues samples of mesodermal, ectodermal or endodermal origin from each of

these individuals.

Genome-wide high resolution SNP array analysis is a suitable and particularly effective
technique in genome diagnostics to reliably detect various causes of rare and recurrent
disorders including CNVs, UPDs and mosaic imbalances as well as pathogenic mutations in
recessive disease genes. By using the right follow-up test procedures after initial SNP array
analysis, a higher diagnostic yield and more knowledge of the mechanism underlying the

genetic disorder are achieved, thereby enabling even more adequate genetic counselling.
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Genetic complexity of the inherited cardiomyopathies in
the high-throughout sequencing era - from research to
clinical practice

Luis Lopes
Hospital Garcia de Orta (HGO), Alamada, Portugal

Cardiomyopathies are characterized by high allelic and locus heterogeneity, highly variable
expressivity and age-dependent penetrance. Patients are routinely offered genetic testing in
order to provide them with information about the likely impact of disease on their lives and to
facilitate lifestyle and medical interventions that could improve prognosis. However, for this
strategy to succeed in clinical practice, predictable relationships between specific genotypes
and disease expression must be defined. In addition, novel variants with no established
clinical phenotype are increasingly common in the literature. High-throughput sequencing
facilitates faster and more complete genetic testing, but involves new challenges regarding
variant interpretation. Large-scale sequencing studies in the general population, such as the
1000 genomes or UK10K projects, have reported a previously unexpected complexity of

variation across the genome. This was also observed in inherited cardiac disease cohorts.

Hypertrophic cardiomyopathy (HCM) is the leading cause of sudden cardiac death in the
young. To improve our understanding of the genetic architecture of the disease, we
undertook targeted high-throughput sequencing of cardiovascular genes, including non-
coding regions, in a large cohort of deeply phenotyped patients. Our calling strategy
combined single-nucleotide variants, small indels and larger copy number variants (CNVs).
We used whole-exome sequenced control samples to assign a probability of pathogenicity
to these variants. Patients with sarcomere protein (SP) variants differed from those without
with respect to age, family history, ventricular morphology and prognosis. Novel
associations were demonstrated between individual SP genes and several traits and for the
first time, associations between non-SP genes and phenotype were described. CNVs in SP

genes can contribute to a small proportion of HCM cases.
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All screening programs do harm. Some do good as well
and of theses some do more good than harm at
reasonable cost. (Sir Muir Gray, National Committee, UK)

Luisa Diogo

Hospital Pediatrico de Coimbra / Faculdade de Medicina da Universidade
de Coimbra (FMUC), Coimbra, Portugal.

André Pereira

Faculdade de Direito da Universidade de Coimbra (FDUC),Coimbra,
Portugal.

Heloisa Santos

Presidente da Comiss&o de Bioética da SPGH, Lisboa, Portugal.

The primary purpose of the Bioethics Committee of the Portuguese Society of Human
Genetics round table (SPGH) is to evaluate and to discuss the Newborn Screening in
Portugal in order to design and to develop some guidelines that could improve the health
benefits for children and family of this variety of genetic screening. Our goal is that the
Portuguese screening will be able to provide the highest priority to the welfare of persons,
maximizing the benefits of the testing (beneficence) and avoiding and preventing harm or, at
least, minimizing harms (non-maleficence).

The classical neonatal newborn screening has been introduced in many European countries
including Portugal over the last 50 years as a very important public health measure. In that
time the principles of screening and the criteria to include new diseases were very different.
It would be necessary that the disease should be considered an important health problem
for the screened population, to be known their natural story, to be known an accepted
treatment and so on (Wilson and Jungner, 1968).

Nowadays, the choices are not fully transparent. We screen in Portugal 25 pathologies and
variations (all, with the exception of hypothyroidism, by mass tandem spectrometry),
Germany does 15 and in France only 5 disorders are screened. We don’t screen important
problems of our newborn population (e.g. congenital adrenal hyperplasia, sickle cell
disease), in opposition to other countries with less number of newborn tests. We don’t have
the clinical follow —up of most of positive screened babies. Finally, we don’t do informed
consent to the parents, even having laws obliging to offer written informed consent in pre
symptomatic genetic testing.

So, we believe that, in our country, it is urgent to discuss the inclusion of appropriated
ethical and scientific criteria before the addition of new genetic screening tests and before a

future offering of next generation sequence screening, which is coming soon...
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Lung Cancer Study: DNA and RNA Targeted Sequencing
using 10 ng of nucleic acid from FFPE Tissue.

Juan A Barba and Joao Caldeira
Life Technologies, brand of Thermo Fisher Scientific

For many cancer types, patient tumor samples are tested to ascertain the presence or
absence of actionable genetic markers, information that can help physicians choose a
course of action best suited for each patient. Since cancer is known to be complex and
highly heterogeneous, multiple genetic markers must be interrogated to fully understand the
genetic profile of an individual tumor. Current genomic analysis technologies, however,
interrogate only one or a few genetic markers at a time, requiring large amounts of sample

input and taking weeks to deliver all of the relevant information for therapy selection.

Using the lon PGM Sequencing Platform combined with lon AmpliSeq technology,
potentially hundreds of genes can be simultaneously analyzed from tumor samples via next-
generation sequencing, with high reproducibility and rapid turnaround time. Furthermore,
due to AmpliSeq technology’s uniquely low DNA and RNA sample input requirements from
FFPE tissue (10ng extracted nucleic acid per reaction), the lon PGM-based sequencing
platform can enable comprehensive sequence analysis of a larger range of tumor samples,
including small biopsies and fine needle aspirates, in conjunction with other required
pathology tests. Ultimately enabling standardization while working within the current
pathology workflow, this technology also has the potential to provide more cancer patients
the benefit of actionable information afforded through next- generation sequencing for

therapy selection and clinical trial matching in the future.

The development of new companion diagnostic tests based on NGS, enables simultaneous
testing of single nucleotide variants (SNVs), copy number variants (CNVs), gene fusions,
and indels across multiple cancer genes. This approach will help ensure that cancer
patients have an opportunity to potentially benefit from a targeted therapy associated with

their tumor’s genetic profile.
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Next Generation Sequencing of six iron-metabolism
related genes in Portuguese patients with iron overload
and a negative Hereditary Hemochromatosis-first level
genetic test: a pilot study

Faria R1, Silva B1, Silva C1, Vieira L1, Loureiro P1, Gomes S1, Gongalves J1,
Fleming RZ, Rivera I3, Faustino P’

' Departamento de Genética Humana, Instituto Nacional de Saude Doutor Ricardo Jorge,
Lisboa; > Servigo de Imuno-hemoterapia, Hospital de Santa Maria, Centro Hospitalar Lisboa
Norte; * Departamento de Bioquimica e Biologia Humana, Faculdade de Farmacia de
Lisboa; Portugal

Introduction: Hereditary Hemochromatosis (HH) is an autosomal recessive
disorder characterized by excessive intestinal iron absorption and iron deposition
in several organs leading to cardiac failure, cirrhosis and hepatocellular
carcinoma. Molecular diagnosis of HFE-related HH is typically made by searching
for specific genotypes (C282Y homozygosity or C282Y/H63D compound
heterozygosity), denominated the “first level genetic test”. However, in the
Mediterranean area, up to one third of patients with a clinical diagnosis of
hemochromatosis do not present those mutations.

This pilot study was designed to develop a “second level genetic test” based on
next generation sequencing (NGS) for rapid and simultaneous analysis of 6 HH-
related genes (HFE, TfR2, HJV, HAMP, SLC40A1 and FTL). A second objective
was to establish genotype/phenotype associations.

Patients and Methods: A TruSeq Custom Amplicon (TSCA, by lllumina) kit was
designed in order to generate 97 amplicons covering exons, intron/exon junctions
and UTRs of the mentioned genes with a cumulative target sequence of 12115bp.
Amplicons were sequenced in the MiSeq instrument (lllumina) using 250bp
pared-end reads. Sequences were aligned against human genome reference
hg19 using alignment and variant caller algorithms in the MiSeq reporter
software. Firstly, some controls presenting known mutations were sequenced in
order to validate the test. Subsequently, 88 iron overload patients with a negative
first level test were studied according to previous conditions.

Results: We found a total of 55 variants in the 6 selected genes. These include
novel missense and splicing variants, a mutation that originates a novel
translation initiation codon, among others. Novel potentially pathogenic variants
were validated by Sanger sequencing and their functional significance are
currently under study. An unusual clinical case will be presented.

Discussion: The merger between TSCA methodology and NGS technology
appears to be an appropriate tool for simultaneous and fast analysis of HH-
related genes in a large number of samples. However, establishing the clinical
relevance of NGS-detected variants for HH development remains a hard-working
task, requiring further functional studies.

Partially funded by FCT: PEst-OE/SAU/UI0009/2013 and Pest-OE/SAU/UI4013/2011
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Genome-wide association study identifies 4 variants for
intracranial aneurysms in the Portuguese population

Abrantes P1’2, Santos MMS, Xavier J1’2, Sousa I1’2, Francisco V1'2, Krug T1’2,
Sobral J"?, Matos M"?, Jacinto A"**, Coiteiro D*, Oliveira SA"?

"Instituto Medicina Molecular, Faculdade de Medicina da Universidade de Lisboa, Portugal;
% Instituto Gulbenkian de Ciéncia, Oeiras, Portugal; * Department of Neurosurgery, Hospital
de Santa Maria, Lisboa, Portugal; “Centro de Estudos de Doencas Cronicas (CEDOC),
Faculdade de Ciéncias Médicas, Universidade Nova de Lisboa, Portugal

Subarachnoid hemorrhage is a life-threatening event that very often leads to
severe disability and death. Its most frequent cause is the rupture of an
intracranial aneurysm (lA). Genetic contribution to IA is well established but until
now, no single gene has been unequivocally identified as responsible for IA
formation or rupture.

To identify new susceptibility loci for 1A, we performed a genome-wide
association study (GWAS) using a DNA pooling approach on a Portuguese
dataset.

Two replicate pools of 100 Portuguese IA cases and of 92 age- and gender-
matched controls were allelotyped in ftriplicate on the Affymetrix Human SNP
Array 6.0. Of the 101 top markers, 99 were technically validated through
individual genotyping.

After replication of validated SNPs in an additional set of 100 Portuguese |IA

cases and 407 controls, 4 variants (rs4667622, rs6599001, rs3932338 and
rs10943471) were associated with IA in both the discovery and replication
datasets (individually and in combination). Additionally, we replicated the
previously described association with IA of rs1333040 at the 9p21.3 genomic
region (Pcombined=1.93E-02, ORT[95%CI]=1.41[1.05-1.89]), thus validating our
dataset.
SNP rs4667622 (Pcombined=4.00E-05, ORG[95% CI]=1.75[1.33-2.33]) is located
on chromosome 2q31.1 within the regulatory region of the myosin IlIB gene
(MYO3B), rs6599001 (Pcombined=2.20E-04, ORC[95% CI]=2.00[1.39-2.88])
maps to chromosome 3p22.2 upstream of the WD repeat domain 48 gene
(WDR48) and rs3932338 (Pcombined=1.29E-03, ORA[95% CI]=1.59[1.19-2.08])
is located on chromosome 5p14.2 in a gene desert. SNP rs10943471
(Pcombined=3.20E-04, ORG[95% CI]=1.81[1.31-2.51]) is located on
chromosome 6q14.1 in an intergenic region upstream of HTR1B (5-
hydroxytryptamine (serotonin) receptor 1B). SNP rs10943471 is of particular
interest, since HTR1B is implicated with changes in vascular tone and to mediate
vasoconstriction of cranial arteries.

Our novel findings in the Portuguese population warrant further confirmation
in other populations to establish their pathogenic role in IA formation.
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Improving the genetic diagnosis of congenital
myopathies by targeted next-generation sequencing

Oliveira J1 78 Gongalves AR1 5 Santos M2, Coelho T Taipa R* Melo-Pires M*,
Costa JL® Machado Jc® Sousa Mm”8 Santos R

'"Unidade de Genética Molecular, Centro de Genética Médica Dr. Jacinto Magalhes,
Centro Hospitalar do Porto. Porto, Portugal; “Consulta de Doengas Neuromusculares,
Servico de Neuropediatria, Centro Hospitalar do Porto. Porto, Portugal; *Consulta
neurologia / Doengas Neuromusculares; Unidade Clinica de Paramiloidose, Centro
Hospitalar do Porto. Porto, Portugal; “‘Unidade de Neuropatologia, Centro Hospitalar do
Porto. Porto, Portugal; °Instituto de Patologia e Imunologia Molecular da Universidade do
Porto. Porto, Portugal; ®Faculdade de Medicina da Universidade do Porto. Porto, Portugal.;
"Unidade Multidisciplinar de Investigagdo Biomédica (UMIB), Instituto de Ciéncias
Biomédicas Abel Salazar (ICBAS), Universidade do Porto. Porto, Portugal; *Departamento
de Microscopia, Laboratério de Biologia Celular, Instituto de Ciéncias Biomédicas Abel
Salazar (ICBAS), Universidade do Porto. Porto, Portugal.

Introduction

Congenital myopathies (CM) are a heterogeneous group of diseases, generally
characterized by hypotonia and muscle weakness with onset at birth or during
infancy. At least 20 different genes have been associated with CM, including
three large loci (TTN with 364 exons, NEB with 183 and RYR1 with 106),
particularly laborious and expensive to analyze by conventional sequencing.
Additionally, although muscle histology is paramount for the diagnostic workup,
pathognomonic findings are not gene-specific. Due to these difficulties a
significant number (~60%) of CM patients remain genetically unsolved.

Methods

We developed a new targeted resequencing approach based on next-generation
sequencing (NGS) technology to simultaneous analyze 20 genes linked to CM.
Assay design included all exonic regions, 50 bp into flanking introns and
untranslated regions (UTRs). The custom Ampliseq assay covered 92% of the
selected regions (~320 Kb) and consisted of 2077 amplicons in two multiplex
PCR reactions. Twelve CM patients (2 with known genotypes and 10
undiagnosed) were sequenced on an lon PGM™ system.

Results

Globally, 6.5 million sequence reads were obtained, generating an average
coverage depth of 257x and the detection of 2535 sequence variants. Concerning
the experimental controls, all previously identified mutations were successfully
detected, but in one of these variants zygosity was not correctly established due
to allele dropout.

Eleven disease-causing mutations were successfully identified in 7 of the 10
undiagnosed cases, in RYR1, NEB and TTN. One patient with a NEB-related
myopathy had an additional heterozygous mutation in the SEPN1 gene.
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Discussion

Considering the patients with structural defects (cores/rods/central nuclei) in
muscle biopsy (n=8), the diagnostic yield was an outstanding 87.5%. This work
demonstrated not only the clinical utility of this NGS gene panel, but also its
particular cost-effectiveness in CM diagnosis given the wide phenotypic
heterogeneity and huge size of the candidate genes.
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